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THE DILEMMA OF GOLD MINING IN THE MEDITERRANEAN REGION

Friedhelm Korte

Sonnenstraße 2, D-85395 Attenkirchen, Germany
(http://www.korte-goldmining.de/)

Gold is one of the rarest elements of the earth. Its concentration in the upper layer is ~ 4 
mg/t (ppb), in sea-water the concentration is 0.01 mg/m3. Very likely, the largest amount of 
gold is present in the oxide shell and exists in the form of pure gold or gold tellurite res. gold 
selenite. From there it comes by hydrothermal process to the upper layer of the earth and can 
be isolated by different processes. The largest gold mine may be Witwatersrand in South Africa 
1,000-3,000 m under the surface. Most of the real gold mines, where gold can be isolated by 
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THE STATE OF THE MARINE ENVIRONMENT IN THE MEDITERRANEAN AREA

G. Vasilikiotis and F. Vosniakos

Technological Educational Institute of Thessaloniki
Dept. of Environmental Technology

P.O. Box 14561, 54101 Thessaloniki, GREECE
E-mail: pmentzel@hellasnet.gr

 One of the most important seas in the world is Mediterranean Sea. It is the largest inland 
sea surrounded by three continents. European civilization was been on the shores of this sea, 
which encompassed the civilized world in the ancient and medieval times.
Nowadays the pollution in the above sea is extended. The Mediterranean Sea serves at a steadily 
growing rate as the recipient of multitude of waste discharges from residential areas, industrial 
activities and touristic complexes. Records show a substantial increase in recent years, both in 
volume and composition of effl uents, discharged into Mediterranean Sea. This discharge occurs 
in the vicinity of all the major cities of the basin and has drastically modifi es the ecosystem 
in these areas. Urban liquid wastes comprise mainly dirty water from domestic or industrial 
washing, detergents and lubricating oils. Industrial liquid wastes comprise wastewater, oils, 
detergents, solvents, organic and inorganic chemicals and heated cooling water.
 Oil transport and transportation generally through Mediterranean Sea is also increasing. 
There are some 2000 active ferry lines, 1500 cargo vessels and 2000 commercial vessels 
operating in the Mediterranean Sea each year. The region has 305 ports of all sizes and 
purposes. The region of ports with urbanization is notable.
 The annual member of international tourists is expected to e about 200 million by this 
year. In spite of marked improvements, the task of handling the liquid and solid waster in 
summer is overwhelming. 
 To these facts, pollution from major Mediterranean rivers must be encountered. These 
rivers drain geological and residential areas far away from coastal line. Very large quantity of 
sediment entered into Mediterranean Sea every year this way.
 The extent of pollution was recognized and a very valuable step was taken. The 
Mediterranean states in a meeting in Barcelona in 1975 adopted an action plan for the protection 
of Mediterranean Sea against pollution. This is the well-known MED POL programs. The 
whole project was a success. Fortunately, the modern technology enables us to go back to 
careful management of the coastal areas and bring again Environmental balance and Sustainable 
development.
 The marine environment has received man-made radionuclides from many sources: 
the detonation of nuclear weapons in the atmosphere, the controlled discharges of low-level 
liquid effl uents from the nuclear power industry, and fallout arising from accidents such as 
the Chernobyl reactor accident, in 1986. These various sources have, collectively, introduced a 
wide range of nuclides both globally and locally.
 A radiological impact assessment for S.E. Mediterranean area has been carried out with 
co-operation of various specialists in the different branches of radiation protection both for man 
and the environment. It was based upon investigations, which have been carried out in the past 
and present original contributions.
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Environmental Policy Lecture

SUSTAINABLE CHEMISTRY IN EDUCATION AND RESEARCH

M. Bahadir

Technical University of Braunschweig, Institute of Ecological Chemistry and Waste Analysis, 
Hagenring 30, D-38106 Braunschweig, Germany (m.bahadir@tu-bs.de)

In many traditional experiments for the education of chemists there is a considerable potential 
of generation hazardous substances of signifi cant toxicological relevance. As we fi rst could 
ascertained, considerable amounts of highly toxic dioxins and furans are formed, e.g., while 
performing the Beilstein-Test for simple qualitative detection of halogenated organic com-
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Environmental Policy Lecture

STRATEGY FOR EFFECTIVE  WATER MONITORING:
FROM DATA TO CONCRETE INFORMATION

St. C. Michaelidou,
State General Laboratory, Kimonos 44, Nicosia , Cyprus-Email stellacm@spidernet.com.cy

To sustain quality and multifunctionality of surface waters, pollution status, trends, and possible 
effects of the “cocktail of chemicals” on Human Health and the Ecosystem have to be predicted 
and evaluated, by integrated monitoring strategies. There are about 100,000 chemicals listed 
on the EINECS. Two approaches are used to manage these chemicals. For most chemicals an 
emission-oriented approach is applied to prevent unnecessary pollution. This approach is suc-
cessful in preventing point-source pollution but cannot always be applied in cases of diffuse 
pollution. The effect-oriented approach is often hindered by the lack of information on sources, 
use, fate and effects for most chemicals. This implies that the risk of not managing important 
chemicals is high. It is also the main reason why environmental quality standards are available 
for only few chemicals out of the thousands which could be present in the water.  
Despite  these obstacles, the ultimate goals of monitoring remain the provision of  concrete  
information  for risk assessment and  risk management and clear identifi cation of  priorities 
for decision making . Monitoring has therefore to go beyond providing only data or fulfi lling 
regulatory obligations. It has to provide prediction rather than remaining retrospective. From a 
study done in 1995 by European Laboratories and funded by DG XI, it was found that Exist-
ing monitoring activities throughout Europe are still  associated with the following three major 
problems which need urgently to be addressed. a)High Cost / Low effi ciency and Effective-
ness, b) Defi ciencies in the information gained (annually 300-350 millions EURO are spend 
for monitoring water quality in EU, a huge No of data are collected but still information gained 
is not suffi cient), c) Lack of harmonization throughout Europe. Due to these and despite the 
improvement of EU Regulations and control measures, European Water sources continue to 
show signs of deterioration  with increasing  evidence of threats to human health and the eco-
system .To address these defi ciencies  cost effective  integrated –holistic investigation and  eval-
uation schemes need to be developed. These schemes must have  enhanced and broad detec-
tion capabilities and should be  tailored made to provide concrete  information. Several basi-
cally different approaches are available. All approaches have inherent drawbacks that limit their 
applicability in the risk management process. Advantages, drawbacks and cost-benefi t aspects 
of these monitoring strategies will be discussed and integration of selected aspects will be pro-
posed for an integrated investigation strategy. Once the investigation approach is defi ned there 
are still additional  challenges to be met: a) How can we cope with parameters  which need to 
be monitored but for which limits do not exist ? b) How can we address the issue of combined 
effects of the “cocktails” of chemicals to which man and ecosystem are exposed to?  and c) 
How can out of hundreds of data, concrete information  be extracted and presented in way that 
main problems, causes and priorities can be clearly identifi ed? Obviously, integrating evalua-
tion schemes  to meet these challenges and to provide  information  for management, forecast-
ing and   prevention are needed. Our  evaluation perception has to be change from the  quality 
evaluation  based solely on legal limits  towards a broader  evaluation based on  Environmen-
tal  Quality criteria or targets for chemicals and  their mixtures. Furthermore, to extract  from 
data concrete  information, scientifi cally sound   aggregation of  interrelated  parameters into 
“pollution type” related indices  i.e pesticides or industrial or eutrofi cation indices have to be 
developed. These indices can be the tools by which data will be transformed into  concrete 
information. As an example the development in Cyprus (within a Life EC funded project) of 
an integrated investigation and evaluation  scheme based on Quality & Effect Indices,  will be 
presented.
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ENVIRONMENTAL EDUCATION IN PRIMARY SCHOOLS -
RESULTS OF A RESEARCH WITH SPECIAL REFERENCE TO PUPILS COMING 

FROM THE MEDITERRANEAN

G. Strey

Technical University of Braunschweig, Department of Education, Institute of Didactics of 
Natural Sciences, Section of Didactics of Biology, Pockelsstraße 11, D-38106 Braunschweig

In primary and secondary schools of Germany many minorities are being educated. Teachers 
have to be especially devoted to them. That is diffi cult in so far as the preoccupation with 
each minority needs special information. To meet these tasks teachers depend on results to natu-
ral awareness and environmental consciousness, which has to be made available by intensive 
researches. - The main minority in Germany are people of Turkish origin. In a three years’ 
project of research therefore investigations have been made on children of third and fourth 
classes of Turkish or German origin respectively and on Turkish adults living in Germany as 
well about their natural awareness and environmental consciousness, both in order to be com-
pared between Turkish and German children and adults. Children of third and fourth classes 
have been selected because they are already able to understand the topic of the research, and 
the questionnaire. And the children are not yet separated in different types of schools. So one 
can get results, which yet show the whole spectrum of relations to nature and environment. 
- The relations to nature and environment of Turkish adults living in Germany are different 
from German adults especially if the Turkish people have grown up in Turkey. That leads via 
education by their parents to a different awareness of nature and environmental consciousness 
of Turkish children. One has further to take into consideration that the Turkish children living in 
Germany, are often born and have grown up in Germany or have changed their residence mani-
fold. Because of that children of Turkish origin living in Germany have also experiences with 
the German way of becoming aware of nature and environment. Thirdly exist parts of natural 
awareness and environmental consciousness, which have been developed by the children them-
selves, using experiences they have made. So it had to be taken into account that children of 
primary schools of Turkish origin perceive nature and environment triple differently from chil-
dren of primary schools of German origin. The result is an identity, which has been called 
“patchwork-identity”. That means that there are parts in their identity of Turkish origin, others 
of German origin and thirdly parts, which are originated by the children themselves. These parts 
are mingled and depend on each other. The identity of these children of Turkish origin, having 
grown up in Germany or in both countries is also different form children, grown up in Turkey. 
Nevertheless is it instructive to look as far as possible for typical Turkish parts of relations to 
nature, which have overcome in this patchwork-identity. - To complete the research, a survey 
on teachers of Primary schools has been made to get notice of their awareness of the relation to 
nature and environment of children of Turkish origin. All these results can help to teach children 
form Turkish origin in a way that meets with their special natural awareness and environmental 
consciousness. 
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THE CURRENT REVISION OF THE ENVIRONMENTAL RISK ASSESSMENT OF 
CHEMICALS UNDER THE EU REGULATION

A. B. Payá Pérez*, H. Loonen** and T. Kaland***

* Institute for Health and Consumer Protection, EC Joint Research Centre,
European Chemicals Bureau, TP 582, I-21020, Ispra (VA), Italy

** Chemin des Escassiers, 13720 La Bouilladisse, France
*** The Norwegian Pollution Control Authority, P.O Box 8100 Dep., 

N-0032 Oslo, Norway

The evaluation and control of risks of chemical substances occupies a prominent place 
on the current agenda of the EU Environment Council of Ministers, recognising that “the 
new chemicals policy must develop streamlined, pragmatic and effective procedures to over-
come the present lack of knowledge about the properties, use and exposure of existing sub-
stances as well as the slow pace in the development of risk assessment and risk management 
measures...(Environment Council Conclusions of 7 June, 2001)”. 

The development and harmonisation of risk assessment methods is the key for a successful risk 
management, therefore the European Chemicals Bureau initiated in year 2000, in co-operation 
with Member States, CEFIC/ECETOC, NGOs (WWF) and OSPAR (Marine Risk Assessment) 
the revision of the Technical Guidance Documents (TGD) in support of the Commission Direc-
tive 93/67/EEC on risk assessment for new notifi ed substances and the Commission Regulation 
(EC) 1488/94 on risk assessment for existing substances, and on Directive 98/8/EC concerning 
the placing of the biocidal products on the market.

Based on the last fi ve years experience in performing risk assessment in the EU, a number of 
areas needing revision were identifi ed during the discussions of the risk assessments prepared 
for individual substances in the course of the Technical Meeting for New and Existing Sub-
stances. Some TGD methodologies have already been further developed in order to resolve 
urgent problems arising from these discussions. The revision process is currently ongoing, and 
widely varying aspects of the risk assessment are under discussion, including both aspects 
from the exposure assessment as well as the ecotoxicological effects assessment. New emis-
sion scenarios, release estimations, and predictive models for the elimination processes have 
been developed. The release to the environment from waste water treatment plants, or via waste 
disposal have been revised. The new concept on “unintentional” releases has been introduced 
and guidance given.  The strategy for effects assessment for sediment and soil organisms has 
been improved, and new guidance for the calculation of the Predicted No-Effect Concentration 
(PNEC) using statistical extrapolation techniques is given. Major challenges are the inclusion 
of an approach for the marine risk assessment as well as the risk assessment of biocides. 
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INTEGRATED ENVIRONMENT AND HEALTH PROTECTION: 
THE IMPLEMENTATION OF THE PRECAUTIONARY PRINCIPLE

D.A. Sarigiannis
European Commission – Joint Research Centre, Institute for Health and Consumer Protection, 

T.P. 202, 21020 Ispra (VA), Italy
Traditional safety assessment methodologies do not represent the actual safety performance 
of technological innovation when they are based on either limited deterministic analyses or 
probabilistic risk assessment using frequently controversial criteria and/or data sets.  The cur-
rent trend towards enhanced public and industry awareness of the external cost of technology 
warrants the development of an enlarged perspective of technological risk. A multi-aspect defi -
nition is proposed in this work, whereby risk encompasses the probability of occurrence and 
consequences of: 

(a) direct insults to human health, 
(b) direct and indirect insults to the natural ecosystem, and
(c) macrosocietal repercussions of specifi c technological choices.  

This approach of technological risk assessment has the potential of being a low-cost, high-
benefi t strategy for the internalisation of technological externalities mainly in the long term. 
It may minimise the risk and the consequent fi nancial burden of regulatory policies imposing 
“over-protection” obligations to the industry. Such constraints driven by legislation are fre-
quently instigated after inspections based on traditional safety reports not adequately depicting 
the actual safety performance of technology.  Moreover, the combined approach will reduce the 
societal risk caused by “under-protection” owed to inherent uncertainties and frequent limita-
tions of information resources.
Embedding precaution in the culture of decision-making at various levels will require a com-
bined “top-down” and “bottom-up” approach. It requires not only mandates on government 
agencies and proponents of potentially harmful activities to exercise precaution, it is also a 
structure and procedures that build experience in applying precaution from the bottom up – 
among citizens, in fi rms, and in all levels of government. Finally, it requires both top-down 
and bottom-up changes in the way science is conducted for public policy. The broad recom-
mendations presented herein determine the types of changes that would need to occur to institu-
tionalise the precautionary principle as an overarching guide to environmental health decision-
making. 

1. Institute a guiding duty to exercise precaution in environmental and health legislation.
2. Reconfi guring environmental science for public policy.
3. Refocus policies, guidance, and priorities toward seeking safer alternatives to hazardous 

activities and opportunities for prevention. This is a clear driver for the development of 
innovative, clean technologies, countering criticisms that the precautionary principle is 
only used to stop technologies. 

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

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

F.X. Bogner

University of Education, Institute of Natural Sciences, Didactics of Biology
Reuteallee 46, D-71634 Ludwigsburg, Germany.

Environmental, conservational and ecological education programmes nowadays are standard 
practice in the life of many pupils. This is either due to a teaching tradition favouring outdoor 
experiences within the subject Biology or due to the common belief that current environmen-
tal problems increasingly require educational outdoor settings to engage adolescent concern 
for the environment (e.g., Leeming et al. 1995). Consequently, various educational approaches 
are assumed to foster environmental literacy and support a willingness to take environmental 
action. 
The most important essential and crucial precondition of measuring perception is providing 
a consistent and age-adjusted empirical instrument. On the basis of some thousand pupil 
responses of selected European countries and some developmental studies such an instrument 
was extracted with suffi cient proof of its validity and reliability (Bogner & Wiseman 1999). 
Five primary factors covering utilitarian and preservational subscales were selected to measure 
adolescent environmental perception.
Under the precondition of identical designs and identical instruments, different educational pro-
grammes may be monitored and compared as well by focussing on a consequent pre-posttest 
basis. All programmes favoured outdoor settings and lasted for at least four days. It is an inter-
esting fi nding that all three experimental treatments were able to increase some of the surveyed 
primary factors, at least, and it can be stated that educational programmes can shift adolescent 
preservational and utilitarian preferences. However, remarkable differences within the three 
studies prevail. Firstly, the evaluation study within a German National park focussed on a nature 
face-to-face experience detailing the satisfying result that four of the fi ve tested subscales were 
affected in terms of increasing the adolescent perception (Bogner 1998). Secondly, the Swiss 
evaluation study focussed on a conservational programme featuring an endangered migration 
bird; two of the fi ve tested subscales were (positively) infl uenced (Bogner 1999). Thirdly, the 
evaluation study within a French nature park fi eld centre monitoring an ecological education 
programme provided proof that two of the fi ve subscales were affected; both were dealing with 
utilitarian preferences (Bogner 2001).
Consequently, empirical analysis of three different surveys, monitoring three different edu-
cational approaches, provides suffi cient support for the hypothesis that pupils get infl uenced 
towards a selected environmental perception primary factor set. It appeared that the experimen-
tal condition of educational programmes results in signifi cant shifts within certain aspects of 
this adolescent perception. In the case of the present programmes, utilitarian and preservational 
preferences as well were infl uenced, i.e., the whereabouts of human dominance over nature, 
the interference with environments and existence of human altered nature were conceived and 
understood in a more sensitive manner as well as green environments were better recognised 
as something generally interfered by human beings. Altogether, it is a very encouraging result 
that education programmes interact with the utilitarian and preservational sector and increase 
the pupils’ sensibility towards nature and environment.
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APPROACHING THE KYOTO TARGETS: THE ROLE OF RENEWABLE AND 
TECHNOLOGY INNOVATION AT LOCAL SCALE

C.Cosmi1,3, M. Macchiato2,3, G. Marmo1, F. Pietrapertosa 1,4, M. Salvia1

1Istituto di Metodologie Avanzate di Analisi Ambientali - C.N.R. – 
C.da S.Loja, 85050 Tito Scalo (PZ), Italy

2Dipartimento di Scienze Fisiche – Università Federico II – Via Cintia, 80126 Napoli, Italy
3Istituto Nazionale di Fisica della Materia – Unità di Napoli, 80126 Napoli, Italy

4Dip. di Ingegneria e Fisica dell’Ambiente – Università della Basilicata, Potenza, Italy

Renewable diffusion may offer a good chance to slow down resource depletion and to diminish 
environmental pollution, favouring the achievement of three objectives:
- greater competitiveness;
- supply safety;
- environmental protection.
These issues are more topical in relation to the necessity of reducing greenhouse gases (GHGs) 
emissions, as stated by the Kyoto protocol which establishes severe emissions limits for 38 
industrialised countries. The Italian Government agreed to reducing the overall GHGs emis-
sions by at least 6.5% below 1990 levels in the commitment period 2008 to 2012, defi ning the 
guidelines for national policies in the CIPE Decision n. 137 of November 19, 1998. In such 
a document, the decrease of fossil fuel consumption and the increase of renewable share are 
considered strategic objectives. This implies that joint efforts must be made by researchers and 
Local Authorities to promote suited interventions aimed to reduce fossil fuels consumption, to 
substitute fuels with higher carbon percentages, and to increase energy saving share, translating 
at local scale (urban and regional) the national and international objectives. 
In this framework it is necessary to investigate the potentiality of the supply side as well as 
the features of the demand sectors, to assess the feasibility of renewable use and technology 
innovation. The reorganisation of the energy system confi guration must be based on an overall 
optimisation of the different activities, to develop synergetic interventions. A comprehensive 
modelling approach is then recommended to carry out a systemic analysis which emphasises 
the relationships and feedback among the different sectors, allowing the planners to harmonise 
laws issues and resources use, in order to obtain an improvement of environmental quality. 
Among the available instruments, bottom–up optimising models represent the most effective 
tools to perform a multi-objective analysis of an energy system. In fact being energy and tech-
nology oriented such models allows users to take into account directly effi ciency improvement 
and technology innovation, comparing technology performances in terms of consumption, costs 
and emissions. Moreover, they make possible the evaluation of the global environmental impact 
of energy activities, defi ning the optimal strategies of resource management sector by sector. 
In this work we present a local scale application of the R-MARKAL model to investigate 
the contribution of renewable and high effi ciency technologies in the achievement of the CO

2 

eq 
emissions reduction targets. The case study will examine the electric and thermal energy 

demand of a district of Basilicata Region (the Agri Valley) interested by a recent increase 
of anthropogenic activities. It will be examined the effects of more stringent environmental 
bounds on energy system confi guration as well as changes in resources availability, fuels and 
services prices, characterising the environmental and economic impact of the different model 
choices.
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POLLUTION: THE GAP BETWEEN UNDERSTANDING AND
LAWS IN THE MALTESE ISLANDS

S.M. Haslam

Department of Plant Sciences, University of Cambridge,
Cambridge CB2 3EA, England

Malta is a very small nation state, with under 400,000 people. From these it has to supply as 
does, say, France, Government, University, Schools, Health Service, Social Services, Transport, 
etc. Taxes fund these, so wealth-creators also are necessary. It is unsurprising, with so few to 
draw on, that many specialities are missing, pollution being one. With voters unwilling to raise 
taxes, they are likely to remain missing (unless crises occur).

In theory, fi ve departments control water quality: Water Services, Health, Sewage, Police and 
(if from farming) Agriculture. In practise, somebody’s job can be nobody’s job. Environmen-
tal appreciation and popular pressure for quality environment improvements are very low 
(although increasing). As a sensible senior policeman said, ‘Environmental stuff is rubbish.’

While the Environmental Impact Assessment (legal) requirements are extremely high, they 
cannot be applied to unrecognised pollution. Water table analyses are not released, surface 
water ones are not done, and no one in authority looks for pollutions (unless there is an immedi-
ate public health risk).

There is no blame. Malta is overstretched. Since raising tax and using environmental controls 
mean losing elections, how can a Government act? Yet the pollution of inland surface waters, 
trivial in the 1980s, is now as proportionately bad as, say, Britain and Germany, and likely to be 
much worse by 2010.

Because Malta is so small in population, and in area of country side, the stresses and their 
effects are more obvious than in better resourced countries. As often, Malta is a micro-cosm, 
where phenomena are striking enough to be understood, and subsequently noticed in other 
countries.
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SUSTAINABLE CONSTRUCTION IN GREECE: 
HARMONIZATION AND IMPLEMENTATION 

 O. Manoliadis, A. Baronos, I. Zumburtikudis, G. Charalampidis

Department of Geotechnology and Environmental Engineering
Technological Education Institute of Kozani, Koila 50100, Greece

email:omano@tee.gr , atria@kozani.teikoz
 

This paper presents research conducted during the period of 1998 to 2000 in the Department 
of  Geotechnology and Environmental Engineering concerning the sustainable Construction in 
Greece in accordance to European Directives and their application towards Olympics 2004. 
Four objectives leading to sustainable construction i.e. Resource Effi ciency Energy Effi ciency 
(including Greenhouse Gas Emissions Reduction), Pollution Prevention (including Indoor 
Air Quality and Noise Abatement), Harmonisation with Environment (including Environmen-
tal Assessment) Integrated and Systemic Approaches (including Environmental Management 
System), Resource Effi ciency, Energy Effi ciency (including Greenhouse Gas Emissions Reduc-
tion), Pollution Prevention (including Indoor Air Quality and Noise Abatement) , Harmo-
nisation with Environment (including Environmental Assessment), Integrated and Systemic 
Approaches (including Environmental Management System). A characteristic example of sus-
tainable construction the rowing and canoeing centre in Schinias, Marathon Attica is presented. 
Finally, suggestions are made for future research.
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PUBLIC RESPONSE TO THE MULTI-FUNCTION SMART CARD USE IN URBAN 
TRAFFIC AND ENVIRONMENT APPLICATIONS

K. Nikolaou*, V. Mizaras** and G. Toskas*

* OMPEPT - Organisation for the Master Plan and Environmental Protection of Thessaloniki, 
105 Vas. Olgas St., 54643 Thessaloniki, Greece, E-mail: kinikola@hol.gr

** Truth S.A., 18 Navarinou Square, 54622 Thessaloniki, Greece

The city of Thessaloniki is active in the Telematics applications in its transport network. The 
objective mainly is to reduce the use of private car in the city centre and consequently to 
improve the urban environment and air quality. These applications range from the introduction 
of urban road and congestion pricing for vehicles using the city network till the promotion of 
using public transport, guidance through road side information terminals and the use of multi-
service smart card.
The European project DISTINCT (Deployment and Integration of Smart Card and Informa-
tion Networks for Cross sector Telematics) is one of the projects sponsored by the Directorate 
General XIII of the European Commission, promoting the smart card applications in order to 
favour public modes of travel instead of car usage.
In the framework of the DISTINCT project, Thessaloniki is one of fi ve European cities selected 
to analyse and test the effect of using multi-function smart card in city applications. The card 
is being developed for transport services such as tolling, parking and public transport payments 
and being extended to a city card which include health record and access to information. The 
idea behind that is to encourage the use of smart card in transport and probably increase the 
number of users of public transport.
A pilot application has been realised in Thessaloniki during 2000, providing high school stu-
dents by smart cards for public transport use. The aim of the pilot is the study of the public 
response to the multi-function smart card use in urban traffi c and environment applications and 
specifi cally, the improvement of card services, the dissemination of the card potential for traffi c 
and urban environment improvement and the promotion of public transport use.
The majority (74%) of the pilot application participants characterises the smart card system 
as “good” or “very good”. Comparatively to the present conventional urban public transport 
system, the users consider the smart card system as much better. The majority (79%) of the 
users is ready to continue using the DISTINCT smart card in the framework of the urban public 
transport system. Also, the majority (78%) is positive to the expansion of the smart card system 
in all the components of the urban public transport. The main sectors, where it is observed the 
higher interest for expanding the smart card system are: the telephone cards, the tolling elec-
tronic payment, the parking electronic payment and the taxi payment.
This pilot application showed that there is a very positive public response to the multi-func-
tion smart card use in urban public transport. This response reinforces the idea of using smart 
cards for the improvement and promotion of public transport and hence, reducing the use of 
private car in the city centre. Consequently, an improvement of urban traffi c and environment 
is expected.
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The setting of Occupational Exposure Limits (OELs) together with other associated measures 
forms an essential part of the strategy of the European Community’s legislative framework on 
the protection of workers from risks related to exposure to chemical agents. The objectives of 
the programme for the protection against  chemicals at the workplace are to prevent or limit the 
exposure of workers to chemical agents at the workplace, and to protect those workers who are 
likely to be exposed to such agents.

In order to ensure that the proposals made by the European Commission refl ect the most recent 
scientifi c and technical data, the Commission is assisted by the Scientifi c Committee of Occu-
pational Exposure Limits (SCOEL) consisting of highly qualifi ed scientifi c experts.
On the basis of the evaluation of the health effects of hazardous chemical agents and after con-
sulting the Advisory Committee on Safety, Hygiene and Health Protection at Work, the Com-
mission proposes European objectives in the form of Indicative Occupational Exposure Limit 
Values.
In the following the procedure for setting OELs and the progress of this programme  will be 
outlined.
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HYPHENATED CHROMATOGRAPHIC METHODS 
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Environmental analysis needs methods for organic trace analysis in complex matrices (soil, 
sediment, plant and animal tissues).

So, the combination of effective clean up with effective separation and sensitive detection is 
necessary.

For that purposes hyphenated methods (e.g. HRGC/HR MS, HPLC/MS-MS, CE-MS, 
CE/ICP-MS, TA/QMS/GC-MS) were developed and successfully applicated on emission and 
immission monitoring and ecotoxicological evaluation as well as on biological monitoring.
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THE RICAMARE CONCERTED ACTION : OBJECTIVES AND ACHIEVEMENTS

G. BEGNI* and J.M. MORENO**
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The International ENRICH/START Workshop on “Global Change and the Mediterranean 
Region” held in Toledo, Spain, 25-28 October, 1996. developed a set of priorities in the various 
scientifi c fi elds of relevance for global change research in the Mediterranean region. A number 
of integrative issues were identifi ed, deserving special effort and preparation before new scien-
tifi c ideas and projects emerge, and policies are enacted.

In order to achieve these goals, the so-called RICAMARE concerted action was set up by the 
European Commission, START and other donors. The associated RICAMARE network con-
sists of individuals and institutions interested in such research in countries within the European 
Union and in other Mediterranean countries, particularly in the Maghreb and Eastern Mediter-
ranean countries. 
 
Three major activities were led:
I) Development of the regional research agenda; 
II) Promoting training and capacity building; 
III) Promoting diffusion of research and awareness of global change and its implications.

 Within activity I, four tasks were undertaken, addressing the assessment of the state of the art 
and further development in four crosscutting issues:

1) land-use, land-cover changes and water,
2) global change and biodiversity conservation; 
3) evaluating the costs of climate change; 
4) development of a concerted data assessment, assimilation and validation for global change. 

Each of these tasks were the focus of a dedicated workshop, producing a review of the stage of 
knowledge, a proposal of a set of joint initiatives, and a strategy suggestion to develop them in 
connection with the main concerned actors.

Within activity II, fi ve dedicated courses were (or are to be) organised, covering the physical, 
socio-economic, biological, and water resources components of the system. This plan is quite 
consistent with the activity I topics and aims at consolidating a scientifi c community having to 
take into account conclusions and recommendations from that activity. 
Within activity III, efforts were dedicated to improve the diffusion of research results, by dis-
seminating information, especially to the widest community of scientists and policy makers, 
through a dedicated website, publications and presentations in symposia. Setting up the frame-
work of a future major regional conference which could bring together scientists and policy 
makers, as well as NGO’s to evaluate the achievements and needs, particularly in terms of 
policy, for ensuring a sustainable development of the region under the impending threats of 
global change, was also considered .
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European urban and con-urban areas, in particular large cities, struggle with the problems of 
high levels of air pollutants. At present about 60% of the European population is living in 
cities. For the next decades it is foreseen that this percentage will further increase. The sub-
stantial growth of the urban population is associated with a further increase of the macro- and 
micro-economic activities in the cities including energy generating and transportation activities 
(traffi c),building construction etc. and  with increased air pollution problems. 

Local and national authorities are seriously concerned about elevated concentrations of ozone, 
of fi ne particles and of mutagenic and/or carcinogenic compounds e.g. benzene in ambient air. 
Here the Commission with its services is asked to contribute with directives and proposals 
to the amelioration of the air quality through the European territory. Evaluating the whole 
situation on air quality in Europe in the last decades after the implementation of the existing and 
partly revised air quality directives, it can be stated, that generally there is a clear improvement 
of many air pollution indices. However, we are far from saying that Europe’s urban air quality 
can be characterized as satisfactory.
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CARBONACEOUS MATERIAL, LONG-CHAIN CARBOXYLIC ACIDS AND PAHS 
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Carbonaceous material is a large fraction of urban aerosol and it is classifi ed into Elemental 
Carbon (EC) and Organic Carbon (OC). EC in particles is emitted from combustion sources. 
Because most combustion sources are anthropogenic and generally EC does not undergo 
chemical transformations, EC is a good indicator of primary anthropogenic primary pollution. 
OC in particles species are emitted from primary emission sources either anthropogenic or 
biogenic sources. They can be also generated from chemical reactions among primary gaseous 
OC species in he atmosphere. OC and EC fractions in fi ne particles vary depending on the area 
air quality.

The long-chain carboxylic have been identifi ed as major constituent of organic aerosol. The 
main important sources for these compounds in the urban areas can be both anthropogenic and 
biogenic emission and secondary formation from gas phase precursors.

The Polycyclic Aromatic Hydrocarbons (PAHs) are considered to be the pyrolysis products of 
incomplete combustion of organic matter. Produced during combustion processes, PAHs are 
introduced into the atmosphere and are attached to fi ne carbon particles. When exposed to O3, 
NO2, N2O5 and other oxidants, PAHs react in the atmosphere slowly yielding oxy-PAHs, nitro-
PAHs and Polycarboxylic Aromatic Hydrocarbons.

In this paper we have measured the ground concentration of Particulate Matter (PM), Total 
Carbon (TC), EC and OC in two Monitoring Stations in Rome. The fi rst station is situated 
downtown Rome (near S.M. Maggiore Cathedral) where the traffi c emission fl ux is strong. The 
second station is located in the inner a green park (Villa Ada Park): this site is not directly 
infl uenced by anthropogenic emissions.

The results show that in Rome the TC contribution is about 30% of PM and the OC/EC vary 
between 0.5 and 1.5. The long-chain carboxylic acids and PAHs constitute about 5% of total 
aerosol mass. The long-chain carboxylic acids give a signifi cative contribution to OC during 
the spring- summer periods, expecially. This behavior can be attributed probably to biogenic 
emissions and secondary formation during photochemical processes.

The PAHs and in particular those with potential carcinogenic and mutagenic activities are 
about 0.5% of OC instead their transformation products, e.g. nitro-PAHs, oxy-PAHs and 
Polycarboxylic Aromatic Hydrocarbons are at very low levels.
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WHY ARE SEMIVOLATILE ORGANIC CHEMICALS (SVOC´S) DIFFERENT?
– THE ALTERNATE ROLE OF SVOC´S IN THE INDOOR-ENVIRONMENT –

I. Gebefügi
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Aesthetic and health effects were observed by the presence of semivolatile organic chemicals 
in the indoor environment. The so called “fogging effect” or “magic black phenomenon” – dark 
walls and surfaces as dirty by carbon black on new painted or renovated walls – is a serious 
aesthetic problem and must be cleared regarding reasons. This effect may caused or infl uenced 
by the massive occurrence of SVOC´s as residues of semivolatile compounds from indefi nite 
sources, may be in glues, plastics (plasticisers or monomers), paints, carpets, and a number of 
additives used in the building technology and from cleaning agents. The occurrence and fate 
of semivolatiles as residues from biocide compounds is well known. The surprisingly persist-
ence of some compounds under indoor conditions lead to a prolonged presence in enclosed 
areas, ventilation is often not able to reduce the SVOC concentrations because of the adsorption 
(and accumulation) on surfaces, also on particles and aerosols. The earlier observed pathway of 
semivolatiles biocides seems to be adapted in the case of “magic black phenomena” by adsorb-
ing SVOC compounds on surfaces playing a role as sticky viscous interlayer to catch and accu-
mulate or binding of (black) particles coming from indoor and/or outdoor sources.

For both group of semivolatiles, biocides and sticky viscous interlayer is common, that the 
ventilation cannot ameliorate the situation. The SVOC coming from the sources will transport 
trough the air but SVOC will adsorb on surfaces also of particles. In contrast to volatile organic 
compounds VOC´s, the duration of evaporation of SVOC is match longer, than in the case of 
VOC´s. Strategies to reduce indoor pollution by this compound are also different. The limited 
evaporation period of VOC can be accelerated by elevated temperature (so called “bake out” 
technique) and good ventilation, in the case of SVOC the identifi cation and effective reduction 
of the sources are only effective. 

In some cases, semivolatile compounds are linked to (unpleasant) smell. “Natural” reasons as 
mould are often the sources. Also synthetic chemistry can be the source of smell. In the case 
of semivolatiles the sensory impression or the organoleptic result support the thesis, that the 
evaporation take a long period of time and activity to reduce or stop smell needs the identifi ca-
tion of sources, also secondary sources and the need to remove them from the indoor system.
While VOC can be absorbed on some specifi c materials like polyurethane or PVC foam as part 
of the furniture or carpet of the enclosed spaces and develop as a secondary source, in the case 
of semivolatiles the whole indoor surface is a potential “secondary source”.

Summarised we can conclude, that it is necessary to identifi cate and avoid massive SVOC 
sources in the indoor spaces, above all with unpleasant smell or other biological effects. The 
rising number of cases with “magic black phenomenon” shows the necessity of precautions by 
the building technology, construction of furniture and composition of public household prod-
ucts. VOC can be managed by reducing solvents, threatening products to loose volatile residues 
and always by good ventilations.  
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COMPARATIVE EVALUATION OF THE AIR QUALITY IN ATHENS AND 
THESSALONIKI VERSUS EC NEW STANDARDS
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The air pollutants present similar temporal evolution in the urban areas of the European coun-
tries. The cases of Athens and Thessaloniki (the capital and the second city of Greece respec-
tively), considered as metropolitan areas of European importance, are interesting examples in 
order to examine the parameters infl uencing the relationship between pollution sources and air 
pollutants and to identify their temporal trends.
The temporal trends of the air pollutants: CO (carbon monoxide), Pb (lead), SO

2
 (sulphur diox-

ide), NO
2
 (nitrogen dioxide), O

3
 (ozone), PM10 (particulates with aerodynamic diameter lower 

than 10 m) and TSP (Total Suspended Particulates) in the urban areas of Athens and Thessa-
loniki, during the period 1984-99 are examined statistically. A regression analysis was applied 
and the temporal linear trend: y = ax + b of these values, the regression coeffi cient (a) and the 
correlation coeffi cient r are examined.
The air pollutant concentrations resulted from the monitoring networks of the Ministry of Envi-
ronment, Physical Planning and Public Works (for Athens), Ministry of Macedonia-Thrace and 
Municipality of Thessaloniki (for Thessaloniki).
The improvement of fuel quality, the technological innovations in industry, the emission sources 
control programmes and the recent considerable renewal of the vehicle fl eet (gasoline engine 
passenger cars equipped with three way catalytic converters, autobuses and taxis with new tech-
nology diesel engines) contributed signifi cantly to the decreasing trend of air pollutants: SO

2
, 

CO, Pb and suspended particulates. This trend is not observed in the case of photochemical 
pollutants: NO

2
 and O

3
. Suspended particulates are still above the EU standards, although their 

trend is decreasing. These results show that despite the temporal trends, the suspended particu-
lates and the photochemical pollutants are the most important problem of the urban atmospheric 
environment today.
The above mentioned evolution leads the authorities to integrated planning choices in order to 
improve the urban environment. Among them is the establishment of new air quality standards 
in combination with actions for the limitation of air pollutant emissions. In this framework, 
the European Union published two new directives: a) Directive 1999/30/EC, which determines 
the limit values for the air concentrations of SO

2
, NO

2
, NOx, PM10 and Pb and b) Directive 

2000/69/EC, which determines the limit values for the air concentrations of CO and C
6
H

6
. It is 

important to underline that the new air quality standards are lower up to 50% in many cases or 
they have to be during the decade 2001-2010.
The above mentioned air pollutant levels in Athens and Thessaloniki are also evaluated by 
means of the European Commission new air quality standards in order to identify the environ-
mental policy needed to fulfi l the implemented requirements.
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TRACE ELEMENTS CHARACTERIZATION AND DETERMINATION IN AIR 
PARTICULATE MATTER COLLECTED ONTO FILTERS

E. Rizzio, G.Giaveri, L. Bergamaschi, A.Profumo,  M.Gallorini
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Trace elements (TE) released in the atmosphere from the anthropogenic sources represent part 
of the pollutant agents which may be responsible of serious problem to the public health.  

Depending of their concentrations and their chemical and physic-chemical forms  adverse 
and/or toxic effects are well established for many trace metals that can be released in the air 
from different pollution processes. Knowledge of the concentrations in the total suspended air 
particulate (TSP)  besides to represent   an important parameter is  not suffi cient for a more 
close  evaluation  of the possible impact onto the public health. This has been already recom-
mended by the health organizations which suggest to analyze the “inhalable” particulate; i.e. the 
fraction containing the particles  with an aerodynamic equivalent diameter (AED) of less than 
10 µm (PM10) and, more recently, the fi nest fraction of 2.5µm AED. In this work, the PM10 
has been further investigated to obtain the TE concentrations in the fi nest “respirable” fractions  
involved in the different tracts of  the respiratory  system.  By mean of inertial multistage impac-
tors, the air particulate has been size fractionated  in the three subsequent  fractions: alveolar 
(particles of 0-1.1 µm nominal diameter), bronchial (1.1- 4.6 µm) and tracheo-pharynx (4.6<9 
µm). Since the concentrations to be determined are very low (of the order of ng/m3) special 
requirements are necessary: (i) high sensitive analytical techniques able to provide multiele-
mental analysis at trace levels; (ii) severe protocols to be followed in the samplings and in the 
overall analytical procedures to minimize contamination’s and/or losses; (iii) quality control of 
the data obtained by analyzing, with the same procedure,  selected standard reference materi-
als. 
This work, beside to present the data obtained in the analysis of more then 30 elements in the 
different air particulate fractions (collected in urban as well as in rural areas) focuses the atten-
tion to the analytical problems encountered in this type of determination. In particular, the pos-
sible source of errors deriving from blanks of the fi ltering membranes, analytical procedures, 
samples homogeneity, samplings times and standards are presented and discussed. Finally, a 
fi rst attempt to obtain information on the chemical composition of the TE contained in the air 
particulate matter was accomplished by determining their solubility in distilled water and in 
physiological solution (0.9% NaCl). To this purpose, leaching experiments have been carried 
out on the PM10 air particulate fraction. The study gives information about the actual concen-
tration (ng/m3) in the different air particulate fractions as well as the leaching trend of more than 
25 elements. The majority  of  elements have been determined by Instrumental Neutron Activa-
tion Analysis (INAA) while lead and cadmium measurements were carried out by Electrother-
mal Atomic Absorption Spectroscopy (ET-AAS). 
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THE GREEK ENERGY CONSUMPTION FUEL-MIX 
IN VIEW OF GLOBAL CLIMATE CHANGES
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The continuous increase of energy consumption in Greece is directly related to the effort of the 
Greek citizens to obtain same life quality standards as the rest EU countries. Furthermore, this 
anticipated increase is basically covered either by imported oil or locally extracted lignite, thus 
producing signifi cant amounts of hazardous gasses, like CO

2
, SO

x
 and NO

x
. On the other hand, 

the natural gas penetration in the local energy market is still moderate, while the exploitation of 
the existing plethora of renewable energy resources is minimum. 

At the same time, the international community realizes that Global Warming, along with the 
corresponding climate change, is one of the worst enemies of our planet for the 21st century. 
Therefore, an action plan was agreed by the whole of the parties, which participated at the 
recent international conference for the Environment in Kyoto. On top of that, the Greek Min-
istry of Environment, Physical Planning and Public Works has prepared its own “National Pro-
gram for the Climate Change” since 1995.

Almost fi ve years later, the proposed study evaluates the National targets’ fulfi llment, along 
with our country’s contribution degree in the EU effort to restrict dangerous air pollutants emis-
sions. During this work, a systematic effort to analyze time evolution of domestic energy con-
sumption fuel-mix in view of the recent climate changes is presented. Additionally, the cor-
responding emissions of the “greenhouse gases” are estimated according to the primary fuel 
used. The results obtained may clarify the existing situation and assist the Greek society in 
taking vital decisions regarding the energy production sector for the next few years, seriously 
considering the signifi cant global and local climate changes.



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Atmospheric Chemistry and Climate Change Lecture

MILITARY USE OF  DEPLETED URANIUM:

A MODEL FOR ASSESSMENT OF ATMOSPHERIC POLLUTION
AND HEALTH EFFECTS IN THE BALKANS

 
Massimo Zucchetti
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It is widely held that the weak radioactivity of Depleted Uranium (DU) – lower than natural 
Uranium – makes its radiological dangers slight. However, DU radiation is indeed “feeble” (i.e. 
low specifi c radioactivity, radiation with low penetration capacity) as compared to several other 
sources, but its biological effects (chemical and radiological) cannot be neglected.
Military use of DU for penetrators has widely spread during the nineties. After the Desert Storm 
War (1991), it has been widely used in the mediterranean area during the Balkan wars (Bosnia 
1995, Kosovo 1999). Its main uses deal with A-10 Aircraft ammunition and Cruise missiles.
Starting from the NATO maps that specify quantities and places of DU bombings in the Bal-
kans, we have set up a model to evaluate atmospheric pollution due to DU, and its health effects 
on Balkans population and NATO military men.
A credible scenario of a tank attack by an A-10 aircraft, using DU ammunition, is considered 
to evaluate the DU source term. Population distribution and meteorological data have also been 
collected for the Balkan area. Dispersion models for atmospheric pollutants are applied.
In order to evaluate the radioactive hazard, we evaluated the Effective Dose Equivalent (EDE) 
to man, and then the Collective Dose. The calculations have been made using the GENII1 
program, which is an internationally acknowledged and utilised software. Hazards due to DU 
chemical toxicity have been evaluated too, however they seem to be less important than radio-
logical ones.
The results,  based on an estimate of the cases expected to occur in population as well as in the 
armed forces, show that we can reasonably expect soldiers and population to develop certain 
tumours caused by DU. Occurrences will be quite small, however not negligible, and could be 
verifi ed with a correct epidemiological campaign and follow-up.

(Footnotes)
1 B.A. Napier et al. (1990), GENII – The Hanford Environmental Radiation Dosimetry Software System, 
PNL-6584, Pacifi c Northwest Laboratories (USA)
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Due to an increasing public demand for a greater quality of ambient air, there is a growing inter-
est in the analysis of odoriferous episodes, which can sometimes be a signifi cative nuisance to 
great sectors of the population. There is interest also in the application of preventive and/or cor-
rective measures when appropriate.  

The compounds that have odoriferous properties can be both inorganic (as sulphidric acid, 
ammonia,...) and organic (such as thiols, thioethers, amines, FAV’s, ...). Their origin may typi-
cally be found in the emissions of chemical plants, coffee roasteries, abbatoirs,... and from proc-
esses taking place in waste-water or sludge treatment plants, landfi lls and other environmental 
treatment systems.

It must be said that the bad odour phenomena can be studied from an organoleptic point of view 
(applying qualitative and/or quantitative olfactometric methods) as well as doing an exhaus-
tive speciated chemical analysis of the different odoriferous compounds present in the sam-
ples. Both techniques can be used complimentarily. Since the samples to study can be very 
complex, there is a need for planning a number of operations which imply “in-situ” tests, by 
using specifi c analysers such as for sulphidric acid, or by semi-quantitative colorimetric tubes 
to determine carbon disulphide levels and/or in-lab analysis using spectrofotometric or chro-
matographic techniques on samples obtained by absortion with different solutions (such as for 
ammonia), derivatisation with EFS traps (in the case of carbonilic compounds), using reactive-
coated fi lters (for mercaptanes), confi nation in cannister or tefl on bags or trapping on different 
adsorbents (like the carbonaceous type for thioethers, esters,... or silica-gel cartridges for aro-
matic amines, alcohols,...),...

The main opperative strategies that must be applied to the study of odoriferous episodes are 
discussed and a general master-scheme proposal is presented. Moreover, a number of examples 
concerning the study and evaluation of different typical situations are discussed, such as: land-
fi ll, waste water and manure treatment plants emissions analysis, and the odoriferous impact in 
ambient air determination from chemical and composting plants emissions.
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INFLUENCE OF PARTICLE SIZE DISTRIBUTION ON HEAVY METAL AND PGE 
CONTENT IN URBAN SOILS OF NAPLES (ITALY)
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Heavy metals and Platinum Group Elements (PGE) content in urban soil is mainly related to 
anthropogenic sources and in particular is due to vehicle emissions. However, with the intro-
duction in Italy of catalytic converters and unleaded fuel at the beginning of 90’s, a decrease in 
soil Pb content has been observed, while a gradual increase of PGE occurred.
This work aims to study heavy metals concentrations in soil samples and related grain-size 
fractions (2000-500µm; 500-63µm; <63µm) collected in 5 selected sites including green areas, 
public parks and high traffi c intensity sites in the metropolitan area of Naples (about 120 Km2 
and 1.054.600 inhabitants). The town is set in a depression located between the Campi Flegrei 
volcanic fi eld to the West and the Mt. Somma-Vesuvio to the East and delimited by the Mediter-
rean sea. The fl at area is fi lled with alluvial, marine and lacustrine sediments, while the hilly 
area is constituted by volcanic rocks erupted by several volcanic center ranging in time from 
the Upper Pleistocene to recent. The urban area is constituted by bedrock represented by the 
“Neapoletan Yellow Tuff”, buried by incoherent pyroclastic deposits, originating during several 
eruptions from the Campi Flegrei.
In order to assess the infl uence of natural and anthropogenic sources of heavy metal and PGE in 
soils, we have collected top (0-10 cm) and, as reference, bottom soils (40-60 cm) from a profi le 
opened at each site. In the same area a sample of dumped soil was collected close to the main 
road, to evaluate the effect of vehicular pollution.
All soil samples and related fractions were analyzed for total Cd, Cu, Pb, Zn, Pt and Rh contents 
by ICP/MS following aqua regia digestion. Hg was determined by Direct Mercury Analyzer-80 
(DMA-80). 
Some other major and minor elements were determined as well for background characterization 
of soils. Data concerning PGE elements represent the fi rst attempt to measure these elements in 
urban soils of Naples. 
The complete set of data is presented and discussed allowing interesting preliminary considera-
tions.
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Particulate matter samples have been collected from urban ambient air (Milan, Italy), biomass 
burning, tobacco smoke and vehicle exhaust to study the qualitative and quantitative variation 
of polycyclic aromatic compound in order to obtain estimates of the relative impact of emis-
sion sources on air quality, identify pollution sources, and obtain apportionment of vehicle 
exhaust in urban air. In this paper, the method development and analytical results for polycyclic 
azaarenes (aza-PAH) are presented. 

Twenty target species (2-4 aromatic rings) were selected among those expected to be present 
in the particulate matter. The use of GC-MS and LC-MS with various ionization techniques 
was investigated (electron impact; chemical ionization with CH

4
 or NH

3
; atmospheric pressure 

chemical ionisation; electrospray). Particles collected on Tefl on fi lters were extracted in an 
automatic Soxlhet extractor for 24 hours with dichloromethane. Extracts were evaporated down 
to 100 µL and various procedures for clean-up to avoid matrix interference were evaluated.

A number of the aza-PAH were identifi ed in the samples at concentration levels in the ppb 
range. The most abundant aza-PAH were 1-aza-benz[a]anthracene, 7-methoxy-isoquinoline 
and several isomers of methyl-quinoline. Highest concentrations were found in tobacco smoke 
followed in turn by urban air, vehicle exhaust and bio-mass burning.
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PHOTOCATALYZED DEGRADATION OF SELECTED ORGANIC POLLUTANTS 

Oliver Bajt 
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Wastewaters of the chemical industry usually contain different pollutants, which are introduced 
into the natural waters. This is also the case in the Koper area (Gulf of Trieste, northern Adri-
atic), where the local chemical industry produces phthalates and different polyacrylates. The 
results of photocatalyzed degradation of dibutyl phthalate (1), acrylic acid (2) and methyl meth-
acrylate (3) will be presented in this work. Dibutyl phthalate is used as plasticizer in different 
resins, it has been considered as teratogenic compound to aquatic organisms and is a rather 
stable compound in the natural environment. The direct photolysis rate in natural waters is very 
low, since it only absorbs light up to 330 nm. Acrylic acid and methyl methacrylate are used as 
monomers for polyacrylate production. They don’t absorb light at environmentally signifi cant 
wavelengths and are also stable  against other processes of degradation. Thus, an effi cient proc-
ess should be applied to remove these pollutants from the waste waters.  

        (1)

CH
2
 = CH − COOH (2)   CH

2
 = C (CH

3
) − COOH (3)

                                           
Much research work today is oriented towards the goal of destroying pollutants before they 
leave industrial plants. Photocatalytic degradation, induced by semiconductors such as TiO

2 
and 

ZnO, has been proposed as an important procedure for reducing the concentrations of organic 
pollutants in waste and drinking waters. The advantage of these processes is the complete min-
eralization of organic compounds as the fi nal reaction step.
Solutions of dibutyl phthalate, acrylic acid and methyl methacrylate in distilled water with TiO

2
 

and ZnO in suspension were irradiated in an immersion well photochemical reactor, equipped 
with a 125 W medium pressure mercury lamp and a cut off fi lter at 300 nm. The suspensions 
were purged with oxygen during the irradiation. Kinetic studies were performed using gas 
chromatography.
The photocatalyzed degradation of selected organic pollutants was the fi rst order reaction. The 
kinetic studies revealed rather high degradation rates in comparison with the direct degrada-
tion rates in homogenous solutions without semiconductor oxides. The degradation rates were 
dependent on the semiconductor oxide concentration. The increase in TiO

2
 and ZnO concentra-

tion resulted in a higher reaction rate. The ZnO exhibited better photocatalyzing properties in 
comparison with TiO

2
. This is probably due to the higher pH of the ZnO suspensions.  At the 

end of photodegradation (about 3 hours) no organic compounds could be detected in the irradi-
ated solution. This indicates the complete mineralization of studied organic pollutants.
In conclusion, photocatalyzed degradation of selected organic pollutants could be considered 
as an effi cient process for their removal from wastewater. 

COO

COO

CH2 CH2 CH2 CH3

CH2 CH2 CH2 CH3
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COMPOUNDS IN THE AREA OF MADRID (SPAIN) DURING A YEAR

Maria Teresa Bomboí*, Ana Pérez, Beatriz Rodriguez, David Galán, Andrés Díaz, 
Rosalía Fernández

Area de Contaminación Atmosférica. Centro Nacional de Sanidad Ambiental. Instituto de 
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The assessment and control of the atmospheric pollutants are directed, accordig to the last reco-
mendations of the E.U., to measure the ozone precursors, volatile organic compounds (VOC), 
and between them, benzene, toluene, xylenes, etc. for their participation in the photochemical 
oxidation and so as for their toxicological power. These subjects are considerated in the Daugh-
ter Directive (200/69/EC) on limit values for benzene and carbon monoxide, and in the Frame-
work Directive (96/62/EC) on ambient air quality assessment and management, which set up 
the benzene as a pollutant to determine. 
An alternative to the conventional methods in the VOC determination, is the technique of the 
passive samplers, which is being normalized by the CEN/TC 264 and ISO/TC 146 and devel-
oped by many laboratories in the last years, with analyitical sensibility for the levels of these 
compounds in ambient air comparable in  precisión and accuracy to the other techniques.
The advantage of these samplers is their low cost and easy handling. Therefore they can be used 
a lot of them in the studied zones allowing to know the VOC levels in larger periods of time 
with high spatial resolution, obtaining daily, weekly and annually mean values in a lot of points. 
That is very useful in the control of VOC in these areas.
In this work, passive samplers fi lled with graphitized carbon sorbent were used to collect the 
studied compounds. After, samples were analyzed using an automated thermal desorption appa-
ratus coupled to a capillary column gas chromatograph and a fl ame ionisation detector.
The spatial and temporal distribution of volatile organic compounds (VOC

s
) were determined 

in ambient air samples taken in urban, semiurban and rural areas. For this, 300 radial passive 
samplers were collected in Madrid city and 40 were taken in surroundings area for 7 days each 
two months during a year.
Obtained data were successfully used to investigate local emission phenomena and to know the 
large-scale VOC distribution in these zones during the studied time.
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OCCUPATIONAL EXPOSURE TO FORMALDEHYDE: IMMUNOLOGICAL 
RESPONSE AGAINST THE MOLECULAR ADDUCT F-HSA 
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G. Gilli*
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**Department of  Animal and Human Biology, lab. of Cytogenetics, University of Torino
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Relevant exposure to Formaldehyde (F) can occur in occupational sites (e.g., hospitals and 
during manufacture) and in household indoor environments, where products potentially emit-
ting F are common (insulating materials, chipboard and plywood, fabrics and heating and cook-
ing emission). Moreover, tobacco smoke increase exposure to F: a smoker of 20 cigarette/day 
is exposed to 1mg of F/day (IPCS, 1989). Acute and chronic irritant effects of F are well known 
(IPCS, 1989) and mutagenic activity was demonstrated in several biological systems. F is clas-
sifi ed as a probable human carcinogen (classifi ed by IARC in group 2A and by EPA in group 
1B) based on animal studies with neoplastic lesions at the point of contact, the respiratory tract 
and limited evidence of human respiratory tract carcinogenicity (IARC, 1995). 
Formaldehyde binds human serum albumin covalently, giving rise to the molecular adduct 
F-HSA with formaldehyde as hapten. The aim of this work was to evaluate the exposure to 
Formaldehyde using the humoral immune response to the adduct F-HSA (Formaldehyde - 
human serum albumin) as  biological marker of F exposure. In addition a part of subjects 
was selected to cytogenetic analysis of chromosomal aberration (CA) and sister-chromatide 
exchanges (SCE) to evaluate if F can induce the expression of these cellular modifi cations. 
The population under control was a group of 39 subjects occupationally exposed to F, employed 
in a pathology department in three different hospitals of northern Italy. To each subject a ques-
tionnaire was submitted and the following analysis were carried out: personal exposure to 
F during working hours, prevalence of IgG against F-HSA adduct (made using an enzyme 
immunoassays: the Displacement assay) and the application of the E.L.I.S.A. test, Sandwich 
Enzyme-Linked Immunosorbent Assay, in order to obtain the antibody titre of the subjects 
examined; a sub population was also tested for cytogenetic damages as SCE and CA.  Besides 
this, to evaluate exposure to tobacco smoke urinary cotinine was measured in the whole popula-
tion.
Personal exposures to F values were always and largely lower than the TLV - TWA of 
0,37 mg/m3 (the mean value in the three hospitals was 48.6 µg/m3). Even if exposures to 
formaldehyde were low, all subjects developed IgG antibodies against F-HSA and the correla-
tion between these two parameters was statistically signifi cant (p<0.05). The specifi c marker 
(F-HSA) was not able to discriminate the subjects exposed to F present in tobacco smoke 
although the urinary cotinine distinguished smokers and not smokers (p<0.001). The cytoge-
netic markers, CA and SCE, were not signifi cantly correlated with personal exposure to F and 
F-HSA probably because they are more infl uenced by tobacco smoke (respectively r=0.40 and 
r= 0.34).  The ELISA test showed the presence of antibody  titre for only 6 subjects because its 
high specifi city. These results confi rm the usefulness of this specifi c biological marker to iden-
tify the exposure to formaldehyde, even if, if compared to personal air monitoring, it represents 
a longer exposure history.
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BENZENE, TOLUENE AND XYLENES DUE TO TWO LEGISLATIVE ACTS OF 
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Benzene, toluene and xylenes (BTX) are primary pollutants present in air due to emissions 
from automobiles, petrochemical industries and combustion processes. These compounds are 
described by US EPA and IARC as mutagens; in particular benzene is classifi ed as human car-
cinogen. Some professional activities can increase signifi cantly the human exposure to aromatic 
hydrocarbons, in particular the delivery of gasoline. Besides, active smoke represents an impor-
tant source of benzene exposure for humans. Thus, the survey of BTX air pollution in urban air 
and in occupational sites allows to monitoring the effects of preventive acts enforced to improve 
air quality and human health.
The purpose of this study was to investigate BTX pollution after the enforcement of laws 
aiming to limit the potential increase of aromatic hydrocarbons in air. DM  n°25, November 
94 imposed from 1/1/96 to 31/12/98 an objective of quality of benzene of 15 µg/m3 and from 
1/1/99 of 10 µg/m3. Several measures were adopted in Italy to obtain this objective: traffi c 
restriction, commercialisation of catalysed new cars, reformulation of gasoline and devices to 
extract the vapours in gasoline pumps. In particular, the law n. 413 (November 13, 1997) fi xed, 
starting from 1/7/1998, the maximum content of benzene in gasoline at 1% and, for aromatics, 
at 40%. This law imposed also that, from 1/7/2000, all the gasoline’s pumps must be equipped 
with vapour inspirators. For these reasons we evaluated: urban BTX air level before and after 
the enforcement of these two laws and the occupational exposure to aromatic hydrocarbons 
before and after the imposition of vapour inspirators by means of personal-breathing-zone sam-
plers of gasoline vapours in a population of service station attendants.
Results obtained from air monitoring highlight seasonal trends, typically of this kind of pol-
lutants, and an important reduction (from 105.02 µg/m3 in 1998 to 47.76 µg/m3 in 1999) of 
aromatics. In particular, the annual level of benzene in air showed a decrease of mean values 
from 6.19 µg/m3 in 1998 to 3.95 µg/m3 in 1999 largely under the limit imposed by DM n° 25 
1994. Occupational benzene exposure of service station attendants drastically decreased from 
1997 to 2000 (from 217.57 µg/m3 in 1997 to 44.59 µg/m3 in 2000).  In 2000 samplings were 
carried out just four months before July 1, when some gasoline service stations did not installed 
the vapour inspirators jet. Thus, we were able to distinguish stations with and without these 
devices. In particular, the group of workers having the vapour inspirators showed a benzene 
“personal” contamination of 11,89 µg/m3 while, the other workers showed a medium level of 
87,5 µg/m3. (TLV-TWA = 1600 µg/m3).
In conclusion results obtained showed the usefulness and the effectiveness of these types of 
regulatory actions enforced to reduce the environmental and occupational exposure to BTX in 
particular to benzene.
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Large segments of populations are exposed to environmental tobacco smoke (ETS) which is 
a risk factor for lung cancer and heart, circulatory and respiratory diseases. In 1993, ETS was 
classifi ed as a class A carcinogen by the US EPA. In fact, ETS is composed of more than 3800 
different chemicals and at least 40 known carcinogens. Passive smoking has a harmful effect 
on the respiratory health of children. This statement reviews the evidence that children exposed 
to environmental tobacco smoke have higher rates of lower respiratory illness during their fi rst 
year of life, higher rates of middle ear effusion, and higher rates of sudden infant death syn-
drome. Furthermore, children with asthma whose parents smoke have more severe symptoms. 
Biological markers observed in biological fl uids of passive smokers, include many metabolites 
of components of tobacco smoke, increase activation of enzymatic system that metabolise car-
cinogens, and increase urinary mutagens. Nicotine is also metabolised to cotinine, which is 
measurable in urine and, also in passive smokers, correlates specifi cally to exposure to ETS; 
the half-life of cotinine is 20h. Another marker of tobacco smoke, but aspecifi c, is the N-(2-
hydroxyethyl) valine (HOEtVal) resulting from the reaction between  ethylene oxide (EtO) and 
N-terminal valine in haemoglobin; EtO is one of the ETS known compounds that is considered 
by IARC carcinogenic to humans (group 1). 
The aim of this study was the evaluations of urinary cotinine and HOEtVal in 100 children 
between 3 and 14 years old, to relate these markers to the passive exposure to ETS. To each 
subject a questionnaire was submitted obtaining information about sex, age, residence and 
parents’ smoking habit; the urinary cotinine was analysed with a gas chromatograph (GC) 
equipped with a NP Detector and the prevalence of HOEtVal was measured using the N-alkyl 
Edman method and analysed by gas chromatography-mass spectrometry (GC-MS). Further-
more, levels of the two biomarkers associated to tobacco smoke were investigated taking into 
account their different biological role,  respectively internal dose marker (cotinine) and early 
biological effect marker (HOEtVal).
Mean age among the 100 children was 8,4 and there were 42 females and 58 males. A priori 
ETS was broken down into four categories, according to the following smoking habits of indi-
viduals who lived in the household: 1) no family member smoked; 2) at least one member of the 
family smoked; 3) only the mother smoked; and 4) only the father smoked. The other variable 
considered was the total number of cigarettes smoked daily by the mother and the father. The 
mean values of the urinary cotinine expressed as ng/ml for the four categories considered were 
respectively: 1) 12.6; 2) 23.0; 3) 27.2; 4) 23.1 and this biomarker was positively correlated with 
the total number of passive cigarettes smoked (r = 0.680). The same considerations were made 
for HOEtVal and the results showed mean values, expressed as pmol/g globin, respectively: 
1) 2.5; 2) 7.3; 3) 7.7; 4) 7.2 and also this biomarker was positively correlated with the total 
number of passive cigarettes smoked (r = 0.417).
A fi rst comparison between results, relative to both cotinine and HOEtVal in children, was per-
formed and both the two markers sensibly discriminate passive exposures to tobacco smoke.
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DURING A SAMPLING CAMPAIGN IN ALPINE VALLEY IN AUGUST 2000
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Ground measurement of  volatile organic compounds (VOCs), carbonyls compounds, NO, NO
2
, 

O
3
, PM10, particles concentrations were conducted in summer 2000 in an Alpine valley at 

Orelle and Sollières, France during one week from august 22nd to august 30th.  This sampling 
campaign took place into a larger regional project : Alpine Valley Pollution (POVA). 
The aim of POVA project is to determine pollution due to the traffi c in Chamonix valley and 
Maurienne valley, before and after the opening of the Mont Blanc road tunnel ; to evaluate 
respective parts of different sorts of emission : biogenic and anthropogenic ; to determine their 
variability, and at last to develop a model of atmospheric pollution dispersion in the complex 
alpine terrain and realize scenario studies.
During this week an abnormal situation changed compounds evolution between the august 26th 
and 28th. A wind profi ler, installed in Modane (between Orelle and Sollières, in Maurienne 
valley) has recorded datas during this week, and it appeared that the diurnal variation East-West 
of the wind changed into a south wind during these two days. In fact, this wind came from 
Sahara and contains a lot of sand. We have nominated this phenomena “ Saharian episode”. 

A lot of changing in the diurnal/nocturnal evolution was able to be observed during this period. 
First, the particles number considerably increased. The increase of particles was detected the 
august 26th at 16:00. The concentration of particles in the air  has doubled for  fi ne particles 
(with diameter 0.3 µm , 0.5 µm) and this high concentration decreased the 27th at 07:00 AM. For 
the large particles, the same peak appeared the 26th at 16:00 but decreased early the 26th at 23:30 
PM. This episode corresponded exactly with an increase of PM10. The NO/NO

2
/O

3
 cycle has 

been perturbed, too. During the episode, O
3
 stayed at relatively high concentration  (50 ppbv) , 

even during the night. Then, NO and NO
2
 concentrations were low during this period, without 

any peak between  the 27th at 00:00 AM and the 28th at 00:00 AM. The temperature decreased 
during all the episode because of this increasing of particles.
For the VOCs measurements, the same observations have been recorded. In fact, sand contains 
SiO

2
, which is an adsorbent for VOCs. When the sand cloud arrived above the valley, fi rstly the 

VOCs concentrations increased and decreased few hours later.
All the cycles seemed to return to the initial situation after this episode with a valley wind 
restoring.
 
This “Saharian episode”, not predicted, was really interesting for the comprehension of differ-
ent mechanisms on the  transversal alpine pollution dispersion.  
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THE RISK OF DESERTIFICATION IN ALBANIA
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The Republic of Albania is located in the Balkan Peninsula, between 39º 38’ and 4º 39’ N lati-
tude, and 19º 16’ and 21º 40’ E longitude. The maximum dimensions of the country are 355 km 
from north to south and 150 km from west to east. Total surface area of the country is 28748 km² 
of which 23.4 % lies between sea level and 200 m in altitude, 48.1 % between 200 and 1000 
m, 27.5 %between 1000 and 2000 m. It is very mountainous, with many varied landscapes 
including bare rock. Because of the differences in climate, natural vegetation, slope, and parents 
rocks, soils are highly diverse.
The information presented in this paper is based on the data picked up from many approaches 
undertaken for the degradation of the soil in Albania and the complementary data picked up 
from the published statistics. For realisation of this paper we have supported the real evalua tion 
of the exiting state and then we have analysed some cases of the desertifi cation of the soil in 
Albania.
Desertifi cation is a new contemporary term which has a wider meaning than the easy natural 
degradation of the space. It is a process where the fertile areas are changed to dry one, as a 
result of the poor land administration or climatic changes. It includes the loss of the biological 
and economical productivity of the agricultural lands, pastures, forests, etc.. Is there desertifi -
cation in Albania? We don’t have desertifi cation in global sizes like Africa etc., but in the sizes 
of our concrete microecosystems we can say that we have desertifi cation with obvious accept-
able risks. The arable land in Albania has been widened 2.4 times from the years 1938 to 1990, 
or from 292000 ha to 704000 ha, while the surface of pastures and meadows have been reduced 
to 470900 ha or 2.13 times smaller. Even the forest surface in the same period has been reduced 
with 262900 ha, or from 1307700 ha to 1044800 ha. After the year 1990 it has been noticed 
an expansion of pastures and meadows and a reduction of forests. Thus 1997 compared to 
1990 the surface of pastures was expanded with 29000 ha, while that of forest was reduced 
with 18800 ha. Today we are facing the same tendency with a drastic deteriora tion of forests. 
Approximately 2/5 of the arable area in Albania is terraced, whose technical conditions have 
been far from the acceptable level. Actually, 122000 ha land of this surface has been refused 
to be taken as consequence of its unusually poor quality, which has been brought its almost 
complete desertion. As a result, in many regions of the country the ecosys tem has been seri-
ously damaged and entire unproductive territories have been destroyed. Ap proximately 11-12 
thousand ha of land are in danger of sliding and about 4500 ha are slidden or demolished lands. 
Littoral erosion of rivers and streams caused cash year the loss of more than 100 ha, while the 
rivers network transports to the sea about 60 million ton of hard mate rials a years. The excava-
tion from the river beds of inert materials for building purposes, has caused only in 1999 the 
destruction of 3000 ha of arable land. About 20 % of the Albanian territory is pre-exposed to an 
erosion reaching a level of more then 50 ton/ha/year, whereas in certain areas erosion intensity 
reaches up to 120 ton/ha/year. Actually about 10 thousand ha peat soils was damaged by burn-
ing and high intensity of mineralization. The same alarming is the chemical degradation of land 
in almost the entire country.
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It is well established that the major source of ammonia emissions is related to agricultural pro-
duction systems. Atmospheric ammonia, which can be deposed as ammonium on soil and veg-
etation, may contribute to undesired changes particularly in oligotrophic ecosystems. Protec-
tion of vegetation from adverse effects, as eutrophication and acidifi cation, will only be assured 
by a drastic reduction of emissions of nitrogen compounds. 

Ammonia is emitted in smaller amounts from most combustion processes in industry and traf-
fi c. Precatalyst gasoline cars emitted ammonia at a low rate, so in the past the contribution 
of vehicle emissions had been estimated as negligible. However, there are some indications, 
that the introduction of catalytic converters may have played an important role in rising ammo-
nia emissions; but there are only two original reports, which describe relevant measurements 
related to specifi c engine types. Whereas many uncertainties remain, the tendency of such 
results apparently are confi rmed by ammonia concentration measurements performed near 
roads. It could be proven that the concentration ranges are similar to those reported from agri-
cultural areas. 

Vehicle density was the major parameter infl uencing the diurnal variation of atmospheric 
ammonia. The concentrations showed a high dependency from meteorological parameters like 
humidity (rain) and wind direction. Consequently the position of the mobile measuring station 
relative to the crossroads ammonia sources exerted an important infl uence.

As ammonia begin to come under the spotlight of international pollution abatements policies 
further measurements of emission, atmospheric concentration and deposition are necessary in 
order to be able to establish NH

x
 budgets. Since transport NH

3
 emissions still provide large 

uncertainties further investigations under real conditions are required. 

We are grateful for the funding of the project from the Bavarian Environmental Protection 
Agency (LfU), Augsburg. 
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Textile wastewater results of hard ambient impact due to the variation in composition and con-
centration of contaminants. More than 10,000 commercial products are used in textile industry 
where more than 3,000 are colorants. Industrial processes comprises a few working and dying 
phases that use a big quantity of water of good quality and product wastewater hardly loaded 
of contaminants. In this type of wastewater the principal problem is the presence of colorants 
and surfactants. 
Colorants are present in wastewater because the textile baths never fi nish with the total con-
sumption of colorants so wastewater has the colorants not adsorbed on textile fi bbers. A con-
centration around 1g⋅L-1 is enough to dye water but wastewater from these industries can have 
a more concentrated loading. This kind of wastewater is usually treated in a chemical-physical 
plant or most commonly in an active sludge biochemical plant but in order to obtain water suit-
able to be recycled in production cycles (especially dyeing processes) further treatments are 
needed. In fact, water to be recycled must have a better quality than that to be discharged.
The dye abatement, however, still represents one of the main problems in the treatment process. 
Among all the dyes present in wastewater, azo-dyes are the most common ones.
Among the purifi cation systems, the oxidative process seems to be the most promising one. It 
is very effective towards the destruction of chromophoric structures of dyes, removing colour 
that is the main “disturbing” factor for water recycling. 
Photocatalysis in the presence of irradiated semiconducting oxides has been successfully used 
to oxidise many organic pollutants present in aqueous systems [1]. It has been also used to 
decolorate and mineralize many kinds of azo-dyes on bench scale by using both artifi cial irra-
diation and solar technology. In this work the heterogeneous photocatalytic system has been 
used for performing the oxidation of two common and very stable azo-dyes: methyl-orange 
(C

14
H

14
N

3
SO

3
Na) and orange II (C

16
H

11
N

2
SO

4
Na). The photocatalytic oxidation was carried out 

in aqueous suspensions of polycrystalline TiO
2
 (anatase) irradiated by sunlight. The abatement 

of substrate, of total organic carbon content and of colour was monitored. The infl uence of 
the presence of strong oxidant (H

2
O

2
, S

2
O

8
2-) and ionic (Cl-, SO

4
2-) species on the process was 

studied. The dependence of dye photooxidation rate on the following parameters: (i) substrate 
concentration; (ii) catalyst amount; and (iii) pH was also investigated. At the used experimental 
conditions the substrate photooxidation rate follows a pseudo-fi rst order kinetics with respect 
to the substrate concentration. The presence of S

2
O

8
2- enhances the reaction rate more than that 

of H
2
O

2
. 

1. M. Schiavello (Ed.), Heterogeneous Photocatalysis, Vol. 3, Wiley Series in Photoscience and 
Photoengineering, John Wiley and Sons, Chichester, 1997.
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Wide use of pesticides requires a better understanding of the mechanisms by which they could 
affect exposed workers. A major problem facing biologists in assessing the effects of exposure 
to a pesticide or, as it is more often the case, to a mixture of pesticides, is the use of reliable 
biomarkers. 
The DNA microarrays method, which is based on the binding of cDNA from mRNA to comple-
mentary single stranded nucleotidic sequences, allows the simultaneous and quantitative detec-
tion of expression level for a lot of genes.
Hence, DNA microarrays are expected to be very useful for detecting specifi c impacts on 
molecular mechanisms involving a change in genes expression. Besides, this method could help 
for categorizing pesticides as a function of their chemical structure and their related effects on 
the gene transcription.
In a fi rst step, A549 cultured cells (from a human lung carcinoma) were submitted to three 
pesticides frequently used in greenhouses, namely, Abamectine (avermectin), Methomyl (car-
bamate) and Endosulfan (organochlorinated), for 6 hours at 3 concentrations, then, immediately 
frozen at - 80°C. Controls cells were sham-treated.
Total RNA was obtained according to the Chomczynski’s method (phenol /CHCl3 extraction) 
and verifi ed to be DNA- and protein-free by spectrophotometry and separation on agarose gel.
RNA samples corresponding to each timepoint were mixed with biotinylated oligo-dT to bind 
the poly-A+ RNA fraction. The obtained complexes were then attached to streptavidin-coated 
magnetic beads and collected using a magnetic particle separator. 32P-labeled  cDNA probe 
synthesis was performed directly on the beads using the captured poly A+ RNA as the template. 
To increase the sensitivity of the method, a gene-specifi c primer mix, which only contains prim-
ers for genes that are represented on the microarrays, was used for cDNA labeling, in order to 
concentrate the radioactive label into probes which are specifi c for the cDNA printed on the 
array. 
Probes were hybridized in duplicate to the Atlas Human Stress Array (Clontech), which features 
cDNA fragments from 234 human genes known to be involved in the stress response. After 
overnight hybridization, the arrays were washed and analyzed by phosphorimaging. Stand-
ardization of gene expression level over the membranes was achieved by measuring the total 
radioactivity. A 2-fold difference or higher was considered as signifi cant. From our results, it 
appears that some genes were upregulated (e.g., genes coding small heat shock proteins, map-
kinase-8, heme-oxygenase-2) whereas genes coding proteins such as DNA-polymerase-alpha, 
CytP450-1A1 and Proliferating Cell Nuclear Antigen were found to be downregulated.
By using both the microarrays and the immunodetection of inducible stress proteins, it would 
be possible to assess the effects of acute or chronic exposure to pesticides.
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Through the 1970’s large scale forest decline due to the acidic deposition were found in north-
ern and central Europe. It has been seen from the results of an international  survey of tree con-
dition which has been carried out under the Convention of Long Range Transboundary Air Pol-
lution (CLRTAP) and the European Union Scheme on the Protection of Forest against Atmos-
pheric Pollution from 1988 that, the health of forest condition declined also in the Southern 
Europe. The most sensitive species have been found as conifer forest on the Mediterranean 
coaastline and mesophile forest of the Mediterranean–montane plane growing at the edges of 
the natural ecological distribution.    

In order to determine the concentrations and deposition fl ux of pollutants, wet-only precipita-
tion samples were collected, between 1992 and 1996 at a permanent station established on the 
Mediterranean coast of Turkey.  Besides precipitation samples, in order to evaluate the altera-
tions of the effect of the air pollution on soil and trees, 24 sampling location were selected on 
the southern Turkey forest. On these sampling points, at the year 1992, 1993 and 1996, pine 
needle samples from conifer trees were taken from at labelled trees. At the years 1992 and 
1996, soil samples from the depths of 0-30 cm, 30-60 cm, 60-90 cm were taken. Collected rain 
samples were analyzed for major ions and trace elements using a combination of analytical 
techniques, including ion chromatography, atomic absorption spectrometry. Soil samples were 
analyzed for pH, major exchangeable cations (Ca, Mg, Na, K), P, S, organic matter, Fe, Mn, Zn, 
Al, Ni, Cr and Pb. Variablity in load of elements in deposition and concentration of elements in 
soil solution has been observed between sites, years of observation.  The annual mean pH of the 
precipitation was observed around 5.17, with high variability in the observed values due to dif-
ferent source regions. High concentrations of SO4 and NO3 measured in samples with high pH 
indicated extensive neutralization of acidity by alkaline species. Results suggest that more than 
70% of the acidity has been neutralized by CaCO3 which originate both from airborne local 
soil and dust trasnported fron North Africa.

On the selected sampling points, at the years 1992-1993, 1994-1995 and 1996-1997, foliage 
samples from conifer trees were taken from the labelled trees, and visual indices of tree condi-
tions, like defoliation and discolouration, dry weight of the canopies, were reported.  Between 
the years 1992 and 1997, the degree of defoliation and discolouration of the canopies according 
to the damage indexes were changed from 10-25% to 25-60%.  By examining the soil and rain 
water chemical composition, the reason of damage on the trees were tried to be explained. 
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In this paper we present depleted uranium aerosols dispersion, from cloud generating due DU 
munitions impact to hard target. For diffusion modeling it is used Gaussian puff trajectory 
model. It is shown that dispersion depend of meteorological conditions. Regardless to concen-
tration DU distribution, in the worst situation would be people that would be fi nd 200-600 
meters far from hard target in the moment of hitting of munitions with DU, during cloudy 
weather and slow wind. Amount of intake of DU through inhalation, that is the most dangerous 
route of intake, can varied due to level of physical activity at one side and characteristics of 
aerosols and assumed meteorological scenario at the other.    
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Ozone plays an important role in the physico-chemical processes of the troposphere but it is 
also important due to its strong oxidant properties, which at certain concentration levels found 
in many urban areas around the world, may cause damages to humans, animals and vegeta-
tion. For this reason atmospheric ozone standards are proposed by various organizations or 
state authorities. The problem of tropospheric ozone has changed dimensions about a decade 
ago, when it was realized that during the 20th century an almost global increase of surface rural 
ozone concentrations has been observed, especially in the northern hemisphere. This increase 
is attributed primarily to photochemical production. In central and northern Europe there are 
many rural air pollution stations, providing a satisfactory picture of the spatial distribution of 
surface ozone concentrations but there are only a few systematic measurements for the Mediter-
ranean basin and especially for its eastern part. The high levels of solar irradiation observed in 
the Mediterranean, in combination with the emitted anthropogenic and biogenic ozone precur-
sors, favor in principle enhanced photochemical ozone production. 

The scope of this paper is to make a detailed examination of the climatology of rural ozone 
around the city of Athens by examining its seasonal and diurnal variation characteristics as 
well as its interannual variation.  The analysis is mainly based on the continuous 10-year ozone 
record (1987-1996) of the station of Liossia, located at the northern edge of the urban agglom-
eration (12 km from the city center). The data of this station were screened for cases of strong 
airfl ow from rural areas (only measurements under strong northern winds, bringing rural air 
masses to the basin were retained for further processing). The continuous data-set of the rural 
station of Aliartos located about 80 km NW of Athens were also considered for the year 1996, 
the fi rst common year of operation of both stations. 

The diurnal variation at the remote station of Aliartos, is considerably larger than for the rural 
values at Liossia, refl ecting the different site characteristics infl uencing the nocturnal ozone 
destruction close to the ground as Liossia is located on a mountain slope and Aliartos in a 
plain. Dispite the lower average ozone values in Aliartos, there is a good agreement between 
the two stations if the afternoon values (12-18 h, period with the best vertical mixing) are only 
compared. In both stations there is a clear seasonal variation of the mixing ratios of rural ozone 
with average summer afternoon values reaching 65 ppb in August and lowest winter afternoon 
values being about 25 ppb in December-January. It is remarkable that the 55 ppb, 8-hour aver-
age ozone standard for human health protection of the European Union, which is also a WHO 
guideline, is regularly exceeded at noon and afternoon hours during summer at Aliartos as well 
as at Liossia when rural air masses are examined. There is not a clear interannual trend of the 
rural ozone levels at Liossia during the examined 10-year period, despite the year-by-year fl uc-
tuations. The possible origins of these high rural ozone levels, their variation characteristics 
as well as some aspects regarding the human and vegetation ozone exposure in the area, in 
combination with the urban originated ozone, are discussed.
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Construction and Demolition (C&D) waste is an important part of the waste management sector 
of most industrialized countries. With an estimated annual production of 300 million tones 
in the EU countries and more than 3 million tones in Greece, the treatment and the disposal 
of C&D debris represents a signifi cant factor both in terms of quantity and environmental 
aspects.

The importance of recycling the C&D wastes is recently mentioned by the E.C. DGIII report, 
published in July 1998 under the title “The Competitiveness of the Constructive Industry”. 
According to this report, the building construction sector produces huge quantities of wastes, 
while in some countries members of the EC (Greece included) the shortage of building materi-
als constitutes a major problem. 

On the other side recycled products have to compete with traditional building materials and 
therefore controlled standard qualities are essential for the products. On top of that a remark-
able energy quantity is necessary for recycling the main components of the C&D wastes. How-
ever, the most serious obstacle appears to be public perception of these materials as inherently 
hazardous and as very low quality compared to virgin raw materials.

In the present work, recent data of the C&D debris sector of Europe are analyzed, while special 
emphasis is laid on the existing situation in Greece. Additionally, the possibilities of energy sav-
ings and the investigation of new recovery techniques related to integrated recycling procedure 
are examined. Finally, the European trends and main policies to support increased recovery of 
C&D waste are also critically evaluated.
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Bacteria, fungi and viruses are often encountered in aerosols and they can be pathogenic or 
cause allergies following inhalation. Wastewater treatment facilities have been found to gener-
ate bioaerosols, which are transported by the prevailing winds downstream to areas that can 
be several hundred meters away. Bioaerosol formation has a signifi cant effect on air quality in 
the vicinity of the treatment plants. The amount and characteristics of the formed bioaerosols 
depend on the aeration system employed at the aeration tank of the wastewater treatment facil-
ity. 

In particular, we examined bioaerosol formation at the Herakleion Industrial Park wastewater 
treatment facility in Crete. Concentrations of airborne bacteria were measured downwind and 
upwind of the aeration tank and samples were taken by using Merck’s MASS-100 bioaerosol 
collector. The use of different growth media enabled the separation and enumeration of several 
classes of microorganisms. Bioaerosol formation was quantifi ed near the treatment plant as a 
function of distance from the aeration tank, wind velocity and direction. In addition daily fl uc-
tuations were recorded.

In this study, we modelled the movement of bioaerosol particles near the wastewater treatment 
facility in an effort to explain several high concentration measurements that were made at spe-
cifi c locations, which are much higher, compared to measurements in other nearby locations. 
Results of a sensitivity analysis are presented and the conditions under which such high meas-
urements can occur are pointed out.
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This work estimates the Ångström turbidity coeffi cients, assuming a linear behavior of the natu-
ral logarithm of aerosol optical thickness, lnδα(λ), versus the natural logarithm of wavelength, 
lnλ, in the urban environment of Athens, Greece. The calculations were based on beam solar 
irradiance data recorded by a simple pyrheliometer performing spectral measurements in the 
range 320-575nm with a resolution of about 0.5nm. In addition, the Schüepp’s turbidity param-
eter is considered. Case studies of these parameters were carried out on two distinct cloudless 
days, one for summer and one for winter atmospheric conditions. The comparison reveals that 
the atmospheric turbidity is higher during the summer day. Furthermore, the larger values of the 
Ångström wavelength exponent found during the winter day indicate that smaller atmospheric 
particles are present in the ambient air of the Athens basin in winter than in the summer. The 
results are discussed with view to the different air pollution sources and sinks between summer 
and winter.
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During the period 1996-97, total NO
2
 column measurements were performed in Athens, Greece. 

Here, the results of two distinct days are presented, one in the summer and one in winter. The 
measurements used a solid-state spectrometer and were based on the spectral absorption of 
beam solar irradiance in the visible region. The total NO

2
 column in the atmosphere above 

Athens is temporarily very variable and exhibits values in the range 10-3-10-1 atm-cm as an order 
of magnitude. The values are much higher compared to those reported for other cities. The 
total NO

2
 column values calculated during the summer day in Athens exceed those found on 

the winter day. The above-mentioned observations indicate that the total column of this gas is 
highly infl uenced by local pollution sources discharging in the mixing layer. 
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Concentrations of n-alkanes, polynuclear aromatic hydrocarbons and n-alkanoic acids were 
determined in the atmosphere of Villa Ada, the largest city garden in Rome. Analytes were 
investigated in both condensed and vapour phase, by sampling size-segregated aerosol fractions 
(i.e.,PM

2.5
, PM

10 
and total suspended particles) onto inert fi lter membranes, as well as semi-

volatile species by means of polyurethane foam cartridges, located downstream to them.
Aerosols and organic vapour were enrichied from air in fi eld campaigns performed during all 
year seasons in 2000, while the winter campaign was repeated in 2001. In this way not only 
quanlitative and quantitative variations of contents of all classes of compounds in the atmos-
phere were investigate, but also the relative impact of emission sources onto the ambient quality 
was evaluated, based onto the particle-size distribution.
By looking at n-alkanes and acids, natural emission released by high vegetation as well as 
other natural sources, infl uenced over all the composition of large particles (i.e. tose exceed-
ing 10µm). By contrast, anthropic sources characterised the nature of aerosols affecting human 
health. In particular PAH and Nitrated-PAH were concentrated in the fi ne fraction of aerosols, 
comprising particles not exceeding 2µm.  
Anthropogenic pollutants followed the usual trend along the year, presenting their maximum 
concentrations in winter and minimum in summer. Instead, components emitted from natural 
sources presented maximum concentrations during the mild season (spring and summer). Due 
to the low levels reached in summer, the average annual concentration of benzo(a)pyrene 
remained     below 1.0 ng m-3, which represents the index of quality of the air selected by Italian 
Ministry of the Environment (Decree November 22, 1994, No. 191) to represent carcinogenity 
related to atmospheric aerosols in urban air, although this levels was passed in most days in 
December and January.  
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 In contrast with soils in agricultural areas, soils in urban areas (particularly in parks and 
gardens) have a direct infl uence on public health not related with production of food. This is due 
to the fact that it can come easily in contact with humans and be transferred to them, either as 
suspended dust or by direct contact. Moreover, even though they are rarely used for agronomic 
activities, they receive higher than normal loads of contaminants from traffi c and, in heavily 
industrialised cities, industrial activity.
 This work presents data of a preliminary stage of a wide study to be initiated in several 
European cities aimed at defi ning the main parameters for a comprehensive description of urban 
soil quality. Among such parameters, the metal contents and availability are especially signifi -
cant from an environmental viewpoint. Data of a pilot study have already been shown before, 
and some preliminary results for Seville were also presented elsewhere.
 Samples of surface and sub-surface soils from about 30 sites in parks and gardens within 
the urban area of Seville were collected. The metals extracted by several techniques, including 
the sequential extraction protocol recommended by the European Union, were determined. The 
various sets of results were related to several soil parameters that can be expected to have any 
infl uence upon metal retention, namely carbonates, organic matter and clay contents. The data 
were also related to the main expected source of metal pollution by using the density of traffi c 
and its distance to each sampling point.
 The results suggest that the contents and availability of some of the chosen metals, 
namely Cu, Zn, and Pb, seem to be strongly related with urban activity, represented by traffi c. 
Other elements do not show such a relationship. This conclusion agrees with previous observa-
tions in the literature of the distribution of trace elements in street dust of cities as thoroughly 
different as Madrid or Oslo.
 The carbonate or organic matter contents are only moderately related with either total 
or available metal contents, and no relationship is found for the clay content. This result, com-
bined with the dependence upon traffi c, suggests that the metal loading is likely to be mainly 
due to simple deposition from atmosphere, rather than to a chemical reaction with soil compo-
nents. However, the possibility that some soil components make metal mobility more diffi cult 
by bonding the added metals to their surfaces cannot be excluded.
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The goal of this study is to estimate the relation between air temperature and precipitation in 
Greece and thereafter to defi ne the regions of the covariability of the two parameters. For that 
purpose the air temperature and precipitation mean monthly data of 28 and 20 meteorological 
stations respectively, for the period 1950-2000, are analyzed. The assessment of the seasonal 
and annual data from the individual monthly ones was regarded necessary because the seasonal-
ity of the relation of air temperature and precipitation is under investigation.

The fi rst step is the application of Principal Component Analysis (PCA) to each of the two 
variable groups of the seasonal air temperature and precipitation.. The result is to reduce the 
number of variables in each group and more specifi c to defi ne the main signifi cant factors for 
each parameter. The number of factors derived, is according to the Scree Plot criterion and to 
the rule: eigenvalue ≥ 1. 

The second step is the application of Canonical Correlation Analysis (CCA) to the factor scores 
derived from the use of PCA, of each parameter. So that, the canonical roots are extracted and 
the number of the roots will be equal to the minimum number of variables in either set.

In the process, the computed canonical scores are correlated to the respective original data, 
aiming to defi ne regions of positive and negative correlations between the canonical roots of the 
air temperature and precipitation.
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Traffi c is considered to be the major source of air pollution in urban areas. The temporal 
increase of passenger car ownership, the increased use of passenger cars, the reduction in the 
use of public transport systems, the renewal of the vehicle fl eet by new technology vehicles, and 
the improvement of the fuel quality produced the following results: a) the temporal decrease of 
CO, Pb, SO

2
, TSP concentration levels, b) the stabilisation or slight increase of NO

2
 and O

3
 and 

c) the holding of the suspended particulates and the aromatic hydrocarbons above the air quality 
standards in urban areas.
In this paper, an environmental evaluation of various traffi c scenarios is realised using the Thes-
saloniki urban area as a case study. Traffi c, emissions and air quality data have been studied 
for the main road network of the urban area. Traffi c data include traffi c volumes, composition 
and vehicle speed. Emissions have been calculated for the pollutants: CO, NOx, SO

2
, VOC and 

TPM. Air quality measurements include CO, NO
2
, SO

2
 and TSP.

Traffi c and emissions data were based on the General Transportation Study initiated by the 
Organisation for the Master Plan and Environmental Protection of Thessaloniki (OMPEPT). 
This study started in 1988 and its second phase was conducted in 1997-99 and included -among 
others- a roadside survey with a sample size of 33.836 drivers and a home based interview 
survey with a sample size of 3.324 households. The air quality data result from the Ministry of 
Macedonia-Thrace and the Municipality of Thessaloniki monitoring networks.
All traffi c scenarios have been tested and evaluated with the use of the EMME/2 traffi c model. 
Within EMME/2 the geometrical and functional characteristics of the road network of the study 
area were represented in an adequate way and thus, the analysis of the trip characteristics at 
strategic level was made feasible. The model supports the four stages of the classical transporta-
tion planning process concerning the future traffi c forecasts (trip generation and distribution, 
modal split, traffi c assignment). The study area was divided into 316 internal and external traf-
fi c zones. The length of the EMME/2 network was 4.357 km.
The evaluation of the scenarios concerning their air pollutant emissions was based on the use of 
the COPERT II methodology, which was developed within the framework of the EU program 
CORINAIR.
Within the framework of this paper the evolution of the relationship between traffi c - emissions 
– air quality during the decade 1988-98 is examined at a fi rst level. Furthermore, the relation-
ship between traffi c – emissions is examined for the four discrete traffi c scenarios, which were 
developed for the following target years: a) 1998, b) 2004, c) 2014 and d) 2014+. In addition 
to the above mentioned examination, a qualitative and semi-quantitative prediction is made for 
the expected air quality levels in the study area.



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Atmospheric Chemistry and Climate Change B25

BIOACCUMULATION OF PAHS ASSOCIATED IN THE LEAVES OF CUPRESSUS 
SEMPERVIRENS L.  THE USE OF LEAVES TO VALUE AIR QUALITY IN THE 

PALERMO (SICILY) AREA

Santino Orecchio**, Maria R. Melati*, Loredana Culotta, Francesco De Vita

** Dipartimento di Botanica dell’Università di Palermo, Via Archirafi  32, 90123, Palermo.
 Dipartimento di Chimica Inorganica dell’Università di Palermo, Parco

d’Orleans 2,  90128 Palermo. Tel. (+39)-91-489409, Fax (+39)-91-427584.
orecchio@unipa.it

Results for concentration of total polycyclic aromatic hydrocarbons (22 compounds) and their 
profi le in leaves of Cupressus sempervirens L. are presented and discussed with reference to 
their sources.
In this work, the Cupressus leaves have been used as samplers. In particular, this plant was 
chosen because it is widespread in the Mediterranean area and it is commonly found both in the 
metropolitan and in the peripherical areas of the city of Palermo. 
The results have demonstrated that Palermo, like other cities in the world, is prone to a rather 
high level of atmospheric pollution, in particular in the zones with heavy traffi c. 
Chemical analyses were carried out by GCMS technique. 
The use of Cupressus as samplers, as in the case of other plants, offers the possibility to assess 
the air quality, in a determined geographical area, without the need for long periods of sampling 
with complex, diffi cult to handle instruments and numerous analytical calculations.



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Atmospheric Chemistry and Climate Change B26

SIXTEEN YEAR AIR QUALITY TRENDS ASSOCIATED WITH THE VEHICLE 
TRAFFIC OF ATHENS CITY CENTRE

A.G. Paliatsos1 , J.K. Kaldellis2, P.S. Koronakis3 and J.E. Garofalakis4

1 General Department of Mathematics,Technological and Education Institute of Piraeus, 250 
Thivon and P. Ralli Str., 12244 Athens, Greece

E-mail: agpal@in.teipir.gr
2 Lab of Soft Energy Applications & Environmental Protection

Mechanical Eng. Dept., TEI of Piraeus
E-mail: jkald@teipir.gr

Pontou 58, Hellinico 16777, Greece

3 Fluid Mechanics Lab., Mechanical Engin. Department,Technological and Education Institute 
of Piraeus, 250 Thivon and P. Ralli Str., 12244 Athens, Greece

4 General Department of Physics - Chemistry and Material Technology,Technological and 
Education Institute of Piraeus, 250 Thivon and P. Ralli Str., 12244 Athens, Greece

Air quality data obtained by the Athens air pollution-monitoring network, during the period 
1984-1999, is analysed. The analysis of the atmospheric pollutants concentration measure-
ments show that, during this period, decreasing trends -observed in all monitoring stations- can 
be attributed to various pollution-sources improvements, such as vehicle fl eet renewal and fuel 
quality improvement.

The analysis has demonstrated that decreasing trends have been observed for almost all air pol-
lutants investigated. Notwithstanding, smoke and carbon monoxide concentration levels in the 
centre of Athens respectively remain above the EU and WHO limit values, for the most part of 
the examined period. Violations of the limits were on the decline during the greater part of the 
period examined.

The analysis has also illustrated that highest ozone concentrations were observed at the north-
ern suburbs of Athens. In all stations located at the northern part of Greater Athens Area, the 
percentage of 8-hour daily averages (12:00-20:00) of ozone concentrations, exceeding the EU 
threshold for human health protection, caused increasing trends during the period examined.
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VOLATILE ORGANIC COMPOUNDS CONCENTRATION LEVELS ON A DAY 
WITHOUT TRAFFIC IN THE CENTRE OF ATHENS

A. Papadopoulos, M. Lahaniati, Ch. Vassilakos, and J. Bartzis

*NCSR “DEMOKRITOS”, Environmental Research Laboratory,
153 10 Ag. Paraskevi Attikis, Greece

In the framework of LIFE European project “In town, without my car!” for a healthier and a 
more friendly city, in the 22th of September 2000, an area in the commercial centre of Athens 
was reserved for pedestrians, bikes, clean vehicles and public transport.
The main sources of volatile hydrocarbons in the atmosphere are certain industrial processes 
and human activities, principally motor vehicle exhausts.
Air samples were taken during that day, and also the day before, at the same location, from 8 am 
to 8 pm, in order to examine the extent in which traffi c restriction would affect VOC concentra-
tions. 
Concerning the 22nd of September, samples were also taken on a location where vehicle circu-
lation was free.

Air samples were passed through preconditioned glass tubes fi lled with Tenax TA and the anal-
ysis of the VOCs was performed in a thermal desorption unit, coupled to a Gas Chromatograph, 
using a fl ame ionization detector.
Nine hydrocarbons (namely, the aromatic benzene, toluene, ethylbenzene, m+p-xylene, o- 
xylene, 1,3,5-trimethylbenzene, and the aliphatic hexane, heptane, octane) were selected for 
measurement. 

Analysis of the samples showed that VOC concentrations in air during the day without traffi c 
were reduced by more than 50%.
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 CONCENTRATIONS IN THE URBAN AREA 
OF THESSALONIKI, GREECE

M.I. Petrakakis*, A.G. Kelessis*, N.M. Zoumakis** and F.K. Vosniakos**

* Environmental Department, Municipality of Thessaloniki, Paparigopoulou 7, 
Thessaloniki 54630, Greece.

**Laboratory of Atmospheric Physics, Technological Education Institute (T.E.I.) 
of Thessaloniki, P.O.Box 14561, Sindos 54101, Thessaloniki, Greece.

In the last few years there is a growing concern for the contribution of the PM
10

 concentra-
tions (breathable particulate matter with an aerodynamic diameter of less than 10 µm) to health 
effects. This study reports systematic ambient PM

10
 measurements, at the commercial center 

monitoring station of the Municipal Air Quality Network of Thessaloniki, from 1994 to 1999. 
PM

10
 concentrations were measured with two different methods, the beta-gauge principle and 

the tapered element oscillating microbalance method. The correlation between the daily PM
10 

concentrations derived from the above two methods, was very good throughout the referenced 
period. The daily relative frequency distribution of PM

10 
concentrations show that the proposed 

mean daily standard of the European Union is considerably exceeded, in the urban area of the 
city. The analyzed data show a signifi cant annual variation, while pollution-roses appear to be 
a factor that helps to explain short-term variables in airborne particulate concentrations.
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AIR TEMPERATURE VARIABILITY AND TRENDS OVER GREECE

C. M. Philandras*, P. Th. Nastos**, C. C. Repapis*

*Research Center for Atmospheric Physics and Climatology of Academy of Athens
3rd September 131, GR 112 51, Athens, Greece.

**Laboratory of Climatology, Geology Department, University of Athens 

Panepistimiopolis,  GR 157 84, Athens, Greece.

In this study, the variability and trends of the mean annual and seasonal surface air temperature 
in Greek peninsula are examined. The climatic data used, concern mean monthly values of 
air temperature of 25 meteorological stations of the Hellenic Meteorological Service, for the 
period 1950-2000.

In the beginning, the Principal Component Analysis (PCA) is applied on the mean annual and 
seasonal air temperature in order to defi ne the regions within which the air temperature covari-
ates..

In the process, the air temperature timeseries are analysed, so that the variability and  trends are 
described. As the annual timeseries concern, a cooling trend is observed from the early 1960’s 
till the middle of the decade of 1970, when the trend reverses to heating till nowadays. It is 
remarkable that the today air temperature levels do not exceed the levels of the middle of the 
century.

During the winter, it is crystal clear that a cooling trend exists from the middle of the decade of 
1950 to the end of the decade of 1980, especially in the south region of the country. Afterwards 
an increasing trend is observed till nowadays. The pattern in spring appears a slight heating 
trend in the northern region of Greece and a cooling trend in the south. The summer timeseries 
are similar to the annual ones, so the contribution of summer in annual variability is unquestion-
able. Generally speaking, the air temperature in autumn follows the same distribution in time.

Finally, spectrum analysis on annual and seasonal air temperature is applied investigating for 
periodicities in the air temperature. 
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SPECIATION OF METALS IN EMISSIONS AND WORKING AREAS
BY SELECTIVE SEQUENTIAL EXTRACTIONS

°A. Profumo, °G. Spini, °L. Cucca, *E. Rizzio

°Dipartimento di Chimica Generale. Via Taramelli 12, 27100 Pavia Italy
*CNR, Centro di Radiochimica e Analisi per Attivazione, c/o Università di Pavia Via Taramelli 

12, 27100 Pavia Italy

The toxicity of heavy metals is related to their chemical form, physical state and oxidation 
number: the knowledge of the different chemical species air-dispersed is therefore very impor-
tant for a correct evaluation of the probable damage to human health caused by their exposure. 
Due to the different toxicity related to the distinct metal compounds , hygienic level threshold 
for the individual species should be established by legislation. In Italy are currently used as 
indicative tolerable concentrations the values fi xed by ACGIH (American Conference Govern-
mental Industrial Hygienists). With regard to emissions Italian law establishes tolerable values 
only for the total metal ignoring the speciation. It is expected that more detailed limits for the 
different chemical species of every toxic metal will be fi xed by law.
Since a few years our group is interested in the problem of speciation of toxic metals in air by 
studying sequential extraction procedures for separating selectively the different inorganic spe-
cies that can be present in particular in emissions and working places where these metals are 
produced or processed (1,2). 
The proposed procedures are fi rst tested on synthetic samples prepared in laboratory with the 
different metals salts in the presence of atmospherical particulate matter, previously checked 
for the absence of the investigated metal. The speciation is then applied to reference materials 
(urban particulate matter NIST SRM 1648, Coal fl y ash NIST SRM 1633 and 1633a) and real 
samples. Finally matrix spiking and recovery analyses are evaluated and the repeatability of the 
speciation is assessed by performing multiple analyses of the spiked samples. Determinations 
are made by conventional instrumental techniques such as GFAAS and FAAS, ICP, Voltam-
metry.
Even if the proposed procedures need extractions of the matrix, the reactions that can take place 
during the different dissolution steps can be reasonably expected, being the scenario of every 
emission or defi ned work place a priori foreseeable: the possible interferences can be therefore 
evaluated and the procedures adapted.
The procedure proposed for the different inorganic species of beryllium and lead that can be 
found air dispersed in working areas and/or emission will be described. 

1) A. Profumo, G. Spini, L. Cucca, E. Zecca, Talanta (1998), 47, 605
2) A. Profumo, G. Spini, L. Cucca, B. Mannucci, Talanta (2001), in press
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DETERMINATION OF HEXAVALENT CHROMIUM IN THE ATMOSPHERE OF 
THE CITY OF ISFAHAN

S. M. Talebi and S. Davoudi

Department of Chemistry, Isfahan University, Isfahan 81744, Iran

Chromium is released into the atmosphere from both natural and anthropogenic sources. The 
major sources of this element in urban atmosphere are anthropogenic sources include; produc-
tion of iron and steel, and a smaller proportion from the combustion of fossil fuels. (1) Chro-
mium exists in the environment predominantly in two oxidation states, Cr (iii) and Cr(vi). The 
toxicity of these two physicochemical forms are different and Cr (vi) is known as toxic and 
carcinogenic form.. Determination of atmospheric concentration of Cr(vi) is important because 
of the continuous nature of exposure and also the size of the general public at risk.(2) In this 
work, air was passed through an impinger using a low-volume pump. Sampling period was 24 
hours and air was drawn through the impinger with a fl ow rate of 15 l/min. Two impingers were 
used in this work. The fi rst impinger contained 250 ml of sodium bicarbonate buffer solution, 
and the second one was empty and used as a guard for pump. The impinger solution was used 
for the determination of Cr(vi) concentration.
The determination was carried out by ion chromatographic technique. Table 1 
shows the  concentration of Cr(vi) in several samples.

Table 1: Concentration of Cr(vi) in the atmosphere of the city of  Isfahan 

                                                        (ng/m-3)
                Sample                Concentration of Cr(vi)
                     1                   6.8
                     2                   7.7
                     3                   4.7
                     4                   3.9

References

1- M.R. Demuynk, M. Janssens, and R.D. Dams, Atmos. Environ., 1976, 10, 21.
2- R. Rochi and M. M. Alforque, Atm. Spectr., 1990, 11, 210.
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SEASONAL VARIATION IN ATMOSPHERIC CONCENTRATIONS OF 
PARTICULATE PHASE PAHS IN ISFAHAN

S. M. Talebi* and A. Taebi**

* Department of Chemistry, Isfahan University, Isfahan 81744, Iran
** Department of Civil Engineering, Isfahan University of Technology, 

Isfahan, Iran

Polycyclic aromatic hydrocarbons (PAHs) are by-products from the incomplet combustion or 
purolysis of organic materials.(1) The sources of PAHs into the atmosphere can be divided into 
1) natural sources; such as forest fi res and vol canic activities, and 2) anthropogenic sources. 
The major anthropogenic sources of PAHs include; residential heating systems, coke produc-
tion, waste incinera tion, and internal combustion engines.(2) Several of these compounds show 
car cinogenic and/or mutagenic properties, therefore they may pose a human health threat.(3) 
Although human exposure to PAHs can occur through several envi ronmental path ways, in 
recent years there has been considerable concern over the potential human adverse effects of 
PAHs in the atmosphere. PAHs in the at mosphere are mostly associated with airborne particu-
late matter. In this work, airborne particulate matter from the atmosphere of the city of Isfahan 
was col lected on quartz fi ber fi lter (QM-A) using a high-volume air sampler with an av erage 
fl ow rate of 1 m3 min-1. The exposed fi lters were then extracted with soxhlet using dichlo-
romethane for 8 hours. The determination of PAHs was car ried out on a Philips gas chroma-
tographic Model PU-4400 equipped with fl ame ionization detector. A BPX5 cappilary fused 
silica column and temperature pro gramming were used for separation of PAHs. Table 1 shows 
the average con centrations of PAHs in the atmosphere of the city of Isfahan in different sea-
sons.

Table1: Mean concentrations of PAHs in the atmosphere of the city of Isfahan in different sea
 sons of the year (ng/m-3).
Compound           Spring      Summer       Autumn  Winter
Phenanthrene    2.6        1.7       3.1         3.1
Anthracene    2.3        1.6       2.9         3.0
Fluoranthene    2.0        2.2       2.6          2.5
Pyrene     2.7        2.1       3.2         3.7
Benzo(a)anthracene   3.0        2.6       3.1       3.9
Chrysene    2.4        2.4       2.9       4.2
Benzo(b)fl uoranthene   1.6        1.4       2.4        2.8
Benzo(a)pyrene   2.0        2.3       3.4        4.6

References:  1- T. Vo-Dinh, “ Chemical Analysis of Polycyclic Aromatic Compounds”, John 
Wiley & Sons, New York, 1989, Chapter 1. 2- D. M. Wagrowski and R. A. Hites, Environ. Sci. 
& Technol. 1997, 31, 279. 3- S. O. Bsek, M. E. Goldstone, P. W. W. Kirk, J. N. Lester, and R. 
Perry, The Sci. Total Environ., 1992, 111, 169.
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THE EFFECTS OF AIR POLLUTION ON CARBONATE STONE MONUMENTS IN 
URBAN AREAS (SIVAS, TURKEY)

L. TECER and A. YILMAZ

Cumhuriyet University, Environmental Engineering Dept., Sivas, Turkey

In this study, the gypsum formation in carbonate stone by air pollutants has been investigated. 
The mineralogical compositions, (by using X-RD) and texture investigation, (by optical micro-
scopy research of thin section) of the samples taken from the 13 historical building from vari-
ous parts of Sivas and which are at different ages, have been examined. The samples have been 
chosen from the unsheltered surfaces. The gypsum rate that is formatted on polluted surfaces 
has been explained with the polluted atmosphere of Sivas city, high relative humidity, the age 
of the buildings and stone characteristics.
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AN ANALYSIS OF WINTER AIR-POLLUTION STUDY IN URBAN AREA IN SIVAS, 
TURKEY.

L. Tecer

Cumhuriyet University, Eng. Fac. Environmental Eng. Dept. 58140, Sivas, Turkey.

In this study air pollution level in the city center of Sivas for a 10 years’ period are analyzed. 
Winter season’ and annual averages of sulfur dioxide and particulate matter measurements have 
been carried out in central area of Sivas by City Health Management. Specifi cally the winter 
seasons’ concentrations are presented and their causes and their change with respect to meteoro-
logical parameters are discussed. The statistical relations between pollutants and meteorologi-
cal parameters have been found to be signifi cant. Based on the data analysis an attempt is made 
to provide useful information about the air quality levels taking into account international air 
quality standards. The determining of air pollution control strategies will be useful. These con-
trol strategies consist of supplying quality energy sources, limiting the consumption for various 
hours during the day and alternative energy sources.   
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URBAN AIR POLLUTION DUE TO VEHICLES IN GREECE

J. Triandafyllis*, F. Vosniakos**, D. Prapas*, E. Sossidou **, and G. Vasilikiotis**

*Department of Vehicles, ** Department of Environmental Technology
 TEI of Thessaloniki, P.O. Box 14561, GR - 54101 

Thessaloniki, GREECE

It is well established in major and minor urban centers that a major contributor to air pollution 
is due to the operation of vehicles.  A major undertaking has been in evolution by a team of 
researchers with the help of their students at the Technological Educational Institution of Thes-
saloniki to measure vehicle emissions at several Greek cities.  In this paper the measurements in 
two cities, Thessaloniki and Katerini will be presented.  Thessaloniki is the second in popula-
tion in Greece with about a million inhabitants, while Katerini is a smaller city of about 65000 
inhabitants, but lies on an important crossroads on the way to Athens from Thessaloniki. The 
atmospheric pollution in an urban environment poses a serious problem, since the joint con-
sequences of vehicle emissions and traffi c noise affect dramatically the physical and mental 
health of the citizens, the quality of life and services. Exhaust gas data from vehicles were taken 
separately for each season of one year, in particular: carbon monoxide (CO), carbon dioxide 
(CO

2
), oxygen (O

2
), and hydrocarbons (HC) at idle and at 2000 RPM. A set of sensory measure-

ments has been also acquired, based on aural, nasal and visual observations on vehicles under 
test. In the present paper, a novel emission policy is proposed for the detection of gross pollut-
ing vehicles in the city, based on sensory observations.
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OUTDOOR BENZENE EXPOSURES IN RESIDENCES NEAR A COKE OVEN 
PLANT

F. Valerio, A. Stella, M. Cipolla, M. Pala

Environmental Chemistry Laboratory.  National Institute for Research on Cancer. Largo R. 
Benzi n° 10 16132 Genoa. Italy.

To measure outdoor benzene exposures of  people living  near  a coke oven plant in Genoa, 
temporary net-works of passive samplers were used, involving students of local schools. 
These  monitoring campaigns were included in an educational program called “Benzene in 
Rete” whose aim was  to inform teachers  about  benzene sources, fate, effects and legislation  
and to actively involve students and their families  in the  study  of  this problem  in  Genoa 
town. Starting from 1999, three annual sampling campaigns were organised in two  Genoa’s 
districts, Cornigliano and Rivarolo. The Cornigliano district is  very close (from 400 to 1110 
m.)  to a steel factory with a coke oven that  daily produces about 860 t of coke coal. The daily 
emission of benzene from the coke oven was estimated  to be 15,4 kg. In each sampling cam-
paign about 60 passive tubes ( by Perkin Elmer fi lled with Chromosorb 106) were simultane-
ously  exposed, in the month of April  for seven days, outside the residences  of as many as stu-
dents living in the two districts. Students were selected  according to the fl oor of their residence 
and to have an uniform distribution of  sampling sites. Benzene and toluene were  analysed by 
thermal desorption and GLC with a FID detector. Table shows  results obtained in each  moni-
toring campaign. In 1999 and 2000 the coke oven was in full operation  ( four batteries). In 2001 
a battery was closed with a  reduction of 30 % of  coke production.
TABLE . Mean outdoor benzene concentrations (ug/m3)  in  Cornigliano and Rivarolo dis-
tricts 
                                                                        (1999-2001) 
YEAR                    CORNIGLIANO                                           RIVAROLO
       
 high fl oors low fl oors min max high fl oors low fl oors min max
1999 10.3 ± 4.8 10.6 ± 5.9 3.8 22.4 4.4 ± 2.2 4.5± 1.9 1.8 9.6
       
2000 6.4 ± 2.8 7.7 ± 3.5 2.8 14.9 5.2 ± 3.4 4.7 ± 2.4 2.4 12.3
         
2001 7.0 ± 4.4 10.4 ± 6.3 1.0 22.0 2.3 ± 1.0 3.0 ± 1.4 1.0 6.3

In Cornigliano, benzene concentrations were strongly dependent from wind direction and dis-
tance from the coke oven. The highest benzene concentrations were found near this plant and 
with winds from  Est South Est. In this anemological condition the Cornigliano district is  down 
wind  the coke oven and its emissions. Results demonstrated that even the partial closure of 
the coke oven  was inadequate to respect the benzene air quality standard  (10 ug/m3) in resi-
dences close to this plant. Different ratio  between toluene and benzene  (tol/benz) in coke oven 
and traffi c emissions (0.25 and 3.6 respectively)  were used to  calculate the contribution of 
these  two sources. In 1999,  about 70% of the  benzene found in the Cornigliano district was 
estimated as emitted from the coke oven. Our conclusions are that benzene emitted from the 
Cornigliano coke oven  is a relevant  contribution to the exposure of population resident near 
this plant and its complete closure is necessary to respect  benzene air quality standard in this 
area. 
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MEASUREMENTS OF SULFUR POLLUTANTS  AND VOC CONCENTRATIONS IN 
THE ATMOSPHERE OF A SUBURBAN AREA IN GREECE

Ch. Vassilakos*, A. Papadopoulos*, M. Lahaniati*, J. Bartzis* 
and P. Papagianakopoulos**

*NCRS “DEMOKRITOS”, Environmental Research Laboratory,
153 10 Ag. Paraskevi Attikis, Greece

**University of Crete, Department of Chemistry, Greece
714 09 Heraklion , Crete

The  measurements of Sulfur gases and Volatile Organic Compounds (VOCs) in air are very 
important. Many of these air pollutants are toxic and notorious for their obnoxious odors even 
when present at parts per billion levels. 

These air pollutants play an important role in air quality for two main reasons:

a) Sulfur species lead to the formation of sulfate aerosol and contribute to the acidity of precipi-
tation and VOCs contribute to the built-up of ground-level ozone, which causes photochemical 
smog.

b) Some of them (especially Hydrogensulfi de and Benzene) are toxic and/or carcinogenic. 
The air pollutants monitoring campaigns occurred in two periods, August and November  of 
2000, in a suburban area, near an industrial zone, 70 km away from Athens. The campaign 
was carried out each six (6) hours during a week. Air samples were collected from fi ve sites 
by using sampling bags for sulfur compounds and glass tubes fi lled with Tenax TA for VOCs. 
The analysis of the pollutants was based on a gas chromatographic separation used a fl ame 
photometric detector for  the sulfur compounds and a fl ame ionization detector for the VOCs. 
The sulfur species investigated include H

2
S, CH

3
SH, COS, CS

2
 in the concentration range of 

0.4-37 ppb, while the hydrocarbons were: benzene, toluene, ethylbenzene, m-, p-, o- xylenes, 
heptane and octane in concentrations from 0.27 µg m3 to 44.7 µg m3.

The air pollution station of the NCR “DEMOKRITOS” was installed at the sampling location 
where meteorological data were recorded from a meteorological sensor 10 meters above the 
ground. 
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INVESTIGATION OF LEAD LEVEL IN THE WORKING ENVIRONMENT AND 
BLOOD SERUMS OF THE WORKERS IN SEVERAL INDUSTRIEL BRANCHES

Oya ZEREN, Yaðmur UYSAL, Hüdaverdi ARSLAN, Güneþ BAYDAR, Mutlu YALVAÇ

Mersin University, Faculty of Engineering, Environmental Engineering Dept.
33342 MERSÝN- TURKEY

ozeren@mersin.edu.tr

In this work, in 34 various work places in Mersin Industry Site, small fan vantilators, which run 
with altertnative current and are equipped with fi lter paper are set and they are worked 3 days 
( 8 hours a day ) , so that the air of the media hit the vantilators. The samples collected, passed 
through a series of suitable chemical processes in the laboratory and the values are measured in 
Atomic Absorbtion Apparatus and the amounts for each m3 of air have been calculated. Apart 
from that, blood samples of 103 workers from various work branches have been taken and lead 
levels have been investigated on AAS. All of the measurements have been classifi ed according 
to work branches and both in the work branch and in control group and in blood serum and in 
the air, the measured values are compared with the standard values.

Maximum lead concentration found in the blood of the egsos pipe repairmans.
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STREET CANYONS OF THESSALONIKI, GREECE
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A simple microscale dispersion model was used to predict the concentrations of traffi c-related 
air pollutants measured at certain monitoring stations in the Thessaloniki basin. Input is wind 
speed and direction, atmospheric stability, aerodynamic characteristics of the canyon and total 
pollution emission at street level. The model results were validated and compared with actual 
measurements. Comparisons are also presented among carbon monoxide vertical concentra-
tions profi le. These fi ndings may have important implications in designing monitoring and 
theoretical studies to support investigation on the health effects of vehicular pollutant concen-
trations in urban street canyons. 
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ENDOCRINE DISRUPTORS IN SEWAGE TREATMENT PLANTS , RECEIVING 
WATERS  AND SEDIMENTS. INTEGRATION OF CHEMICAL ANALYSIS AND 

BIOLOGICAL EFFECTS ON CARPS

D. Barceló, M. Petrovic, M. Solé, and M. J. Lopez de Alda

Department of Environmental Chemistry, IIQAB-CSIC, c/Jordi Girona 18-26, 08034 Barce-
lona, Spain

Occurrence of alkylphenol ethoxylates or their metabolites (alkylphenols and carboxylated 
derivatives), as well as natural and synthetic steroids in sewage treatment plants (STPs) effl u-
ents and in their receiving waters were related to the biological effects, measured as alterations 
on vitellogenin (VTG) synthesis on natural fi sh populations. Water composites of STP infl u-
ents, effl uents, sludge, river water, sediment and feral carps (Cyprinus carpio) were analyzed 
over a seven month period in two tributaries of the Llobregat river (NE Spain). Solid phase 
extraction-liquid chromatography-mass spectrometry (SPE-LC-MS) analysis revealed the pres-
ence of concentrations up to 31 µg/L of nonylphenol ethoxylates (NPEOs), 15 µg/L of nonyl-
phenol (NP) and 35 µg/L of nonylphenoxy carboxylate (NP

1
EC) in river water downstream of 

STPs. These compounds were also found to accumulate in river sediment with concentrations 
ranging from 10 to 820 µg/kg of NPEOs and from 22 to 645 µg/kg of NP. Natural and synthetic 
estrogens and progestogens also occurred in the water and sediments analysed but in the ng/L 
range. VTG fl uctuated among sites and sampling periods but it was enhanced in the most pol-
luted river downstream the main STP where also some fi sh intersexuality was observed. How-
ever female VTG was mostly depleted downstream the STW plant. High correlation between 
EDC present in water and sediment and VTG induction in male carp was observed, especially 
for alkylphenolic compounds in water and in sediment samples (r = 0.83 − 0.84, for n = 24) and 
for estriol and estrone in water (r=0,78 and 0,94, for n=9 and 8, respectively).
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NONIONIC SURFACTANTS (APEOS) ON THE REPRODUCTION RATE OF 
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Alkylphenol ethoxylates (APEOs), a second in signifi cance group of surfactants used in deter-
gent formulations, mostly as components of household institutional and industrial cleaning 
products, are released to the environment, mainly via sewage effl uents. These nonionic sur-
factants and/or their metabolites have been shown to be potential endocrine disruptors for both 
invertebrates and fi sh, inducing vitallogenin production in males of rainbow trout (Oncorhyn-
chus mykiss), common carp (Carpio carpio) and other fi sh species. 

In the present study we have sampled Israel streams/rivers and coastal seawater in the Mediter-
ranean Sea, for APEOs contamination and their homologic distribution and tested the effect 
of these APEOs on eggs production of the zebrafi sh, Danio rerio. APEOs concentrations have 
been found to be within the range of 12.5-75.1 ppb and 4.2-25.0 ppb in the rivers and their 
estuaries respectively. 

Fifteen groups of zebrafi sh were exposed to 5 concentrations within these ranges (0, 5, 10, 25 
and 75 ppb) of APEOs and eggs produced were counted every 2 days for 20 days. Exposure 
to concentrations above 5 ppb affected eggs production in zebrafi sh after 10-16 days of expo-
sure. The decrease in eggs production was related to the APEO concentrations. Ten days after 
exposure the decrease reached to 88.8±1.9%, 83.3±3.4% and 77.1±1.3% levels compared with 
control in 10, 25 and 75 ppb respectively. 

The results provide a rough estimation to the degree of potential endocrinic/estrogenic contami-
nation in the coastal water and rivers of Israel and demonstrate the potential damage for the 
already disrupted ecosystems in these environments. The results will be discussed in terms of 
APEOs distribution in aqueous environments – health risk potential – regulation relationships.
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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

Abu-Kir Bay, a shallow semicircular basin at 36 km east of Alexandria receives water from 
three main sources; highly polluted drainage water via Tabia outfalls at its southwestern side, 
contaminated brackish water from Lake Edku at its southeastern side via Maadia channel and 
fresh Nile water from Rosetta Nile branch at its eastern side. Suspended matter (SM), the main 
pathway by which dissolved ions may be removed from seawater to be incorporated into sedi-
ments, is important with regard to distribution of particulate copper (PCu). Several processes 
including; 1) inputs by land discharges, 2) output to the open sea, 3) regeneration from the 
bottom sediments and 4) biological activities control the SM budget in the bay. The SM values 
were high in the nearshore water and decreased seaward. The distinct peak of SM in November 
at Tabia Sector (TS) refl ects the high bottom values.

Because the environmental impact of a particular metal species may be more important than the 
metal concentration, copper partitioning patterns in Abu-Kir Bay were studied to determine the 
metal sources, geochemistry, associations and availability for biota. In 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. In the TS, the order was F5 (76.0%) > F4 (9.3%) > F3 (6.5%) > F2 
(5.8%) > F1 (2.4%) of the total copper. The equations of multiple regression show that pH and 
dissolved oxygen affected F1 in MS, contrary to TS where the F1 distribution was affected by 
temperature and SM. In this heavily polluted sector, a higher surface F2 value was found and 
decreased with depth following the decrease in the untreated industrial wastes with depth. The 
depth profi le of F3 fraction indicates a higher surface value followed by a slight decrease with 
depth, 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. Signifi cant 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 
alumino-silicate material in the SM in these water layers related to wastewater effl uents. 
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INVESTIGATION OF NATURAL RADIOACTIVITY CONCENTRATION IN 
BUILDING MATERIALS FOR INTERIOR AND EXTERIOR ADORNMENTS IN 

MODERN GREEK STYLE CONSTRUCTIONS

F. Vosniakos, K. Zavlaris, T. Papaliagas1, A. Aladjadjiyan2, D. Ivanova2

Applied Physics Laboratory, Science Department,
1Civil Works Technology Department,

Technological Educational Institution (TEI) Of Thessaloniki,
P.O Box 14561, 54101 Thessaloniki, Greece
2Agricultural University of Plovdiv, Bulgaria

This study focus on the determination of the natural radioactivity concentration of  various 
building materials used for interior and exterior constructions located in Greece. Natural radio-
nuclides (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 specifi c 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 radio-
biological impact to humans exposed to this specifi c radiation is investigated by estimating the 
probable radiation dose uptake (in mSv per year) and comparing it with the maximum permis-
sible absorbed dose to humans as given by the world standards.

 



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Pathways and Effects of Chemicals Lecture

EFFECTS OF THE USE OF FLUMEQUINE IN AQUACULTURE: 
MICROBIAL RESISTANCE AND SEDIMENT CONTAMINATION

L. Migliore, E. Alessi, L. Busani*

Dip. Biologia, Tor Vergata University, Via della Ricerca Scientifi ca I-00133 Roma 
(Italy); * istituto Superiore di Sanità, Lab. Medicina Veterinaria, Via regina Elena 299,

 I-00199 Roma (Italy).

Intensive farming (including aquaculture) imposes the use of large amounts of antibacterial 
drugs. These drugs are used to prevent the diffusion of diseases, easily diffused at high breeding 
densities. Drugs are administered by oral route: they are slowly absorbed and excreted in active 
form with deject. Waste discharge lead to the introduction of these chemical into the environ-
ment. 

Flumequine is a Quinolone antibiotic, widely used in intensive acquaculture; in these activities 
waste discharge is direct, particularly in marine farming. The presence of antibacterial drugs in 
the marine environmental poses several problems; among them contamination of abiotic com-
partments (water, sediment, etc.) and induction of microbial resistance are the most common.
The aim of this work has been to evaluate the presence of both Flumequine residues and micro-
bial resistant strains in sediment near an aquaculture station at Cala Galera (Orbetello, Tus-
cany).

Sampling has been performed in January 2001, twenty samples were taken around the cages 
where sea bass are bred. The entity of the microbial community in both non selective medium 
(marine agar) and in the presence of 10 µg/ml Flumequine were determined. Microbial strains 
were divided on the base of morphological differences and biochemical markers. Analysis of 
Flumequine residues in the sediment were performed in HPLC – Fluorimetric detection.

In the twenty samples the amount of microbes (as CFU, Colony Forming Units) is highly vari-
able; in all samples resistant strains are present, ranging from 30 to 90%. About 70 different 
groups were identifi ed, 50 of them found resistant.

The relation of resistance with presence/absence of drug residues and with the sampling loca-
tion are discussed.



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Pathways and Effects of Chemicals Lecture

MICROSYSTEMS FOR ENVIRONMENTAL SENSING

S. Büttgenbach
Institute for Microtechnology, Technical University of Braunschweig

Langer Kamp 8, D-38106 Braunschweig, Germany

Due to massive human activities such as industrial manufacturing, agriculture and transport the 
natural environment is increasingly contaminated by a broad spectrum of harmful chemicals. 
This is one source among others of the growing demand for analysis of samples with respect 
to their chemical composition and its quantifi cation. Whereas excellent laboratory analytical 
methods exist for the analysis of almost any pollutant in a variety of matrices, only few methods 
are available for on-line, on-site or in-situ analysis. For these applications new chemical sensor 
systems have to be developed with improved performance concerning response time, sensitiv-
ity, selectivity, stability, and lifetime.
The application of microsystem technology to these problems has proven extremely successful. 
Microsystem technology integrates signal processing with miniaturized sensors and actuators. 
It makes use predominantly of microtechniques derived from semiconductor technology, but 
it extends considerably the range of materials and technologies available for the realisation of 
electrical, mechanical, optical, chemical and biological functions. Stand-alone micromachined 
sensors, as well as miniaturized chemical analysis systems which perform several steps auto-
matically (such as sampling, sample transport, separation, and detection) have begun to infl u-
ence the fi eld of environmental sensing to a great extend. 
Environmental applications of microsystems could range from industrial process control to 
workplace monitoring for specifi c pollutants, and from the detection of oil contaminations in 
soil, surface water and groundwater to the sensing of motor vehicle exhaust emissions. Three 
examples for microsystem applications will be described in detail in order to give a general idea 
of what is feasible with this technology.
The fi rst example is an automatic sensor system with chemical sensors for water analysis. 
It is part of a groundwater monitoring network which allows frequent measurements at low 
cost. The sensor system has an active fl uidic system which combines micromachined and non-
micromachined components to take water samples automatically. Different types of sensors are 
included into the system: two ion selective sensors and an optofl uidic microsystem which works 
as a microphotometer. Furthermore, the possible application of a multisensor system based on 
an array of non-specifi c potentiometric chemical sensors with data processing by an artifi cial 
neural network to groundwater monitoring will be discussed. 
The second example deals with an enzyme-based microanalysis system for the determination 
of gas-phase ethanol. It is based on a new method of valveless sample introduction in fl ow 
analysis systems, the so-called fl ow-diffusion analysis. Such systems consist of microchannels, 
micropumps, bioreactors and amperometric sensors and can be applied to the detection of many 
classes of hazardous chemicals.
The third example describes a novel oil condition sensor system which can be used to indi-
vidually determine the oil change intervals for automotive engines or for hydraulic circuits. It 
is therefore an example of how microsystems can be utilized for the reduction of waste. The 
system is based on microacoustic sensors particularly suited for operation in liquids. Using 
at least two indicator quantities for the oil quality different oil strain scenarios can be distin-
guished.
This work has been supported by the German Research Council (DFG) and by the German 
Federal Ministry of Education and Research (BMBF).
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THE WATER FRAMEWORK DIRECTIVE: 
THE CHALLENGES OF IMPLEMENTATION FOR RIVER BASIN-COASTAL ZONE 

RESEARCH

C. N. Murray and G. Bidoglio
European Commission,

Environment Institute, Joint Research Centre,
21020 Ispra (VA), Italy 

On the 23rd October 2000 the European Parliament and Council passed a Directive establish-
ing a framework of community action in the fi eld of water policy (Water Framework Direc-
tive- FWD). The implementation of this Directive will have very considerable long-term impli-
cations on information needs and research objectives covering all European river basin and 
coastal zones. 

Waters in the European Community are under increasing pressure from the continuous growth 
in demand for suffi cient quantities of good water quality for all purposes. The objective of 
Community policy on the environment is to contribute to pursuit of preserving, protecting 
and improving the quality of the environment, in prudent and rational utilisation of natural 
resources, and to be based on the precautionary principle and on the principles that preventive 
action should be taken, where necessary, to ensure good water status. Environmental damage 
should, as a priority, be rectifi ed at source and that the polluter should pay. 

An effective and coherent water policy must take 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 infl uenced by the quality of inland waters 
fl owing into them. 

There are diverse conditions and needs in the community which require different specifi c solu-
tions. 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 through drawing up of 
programmes of measures adjusted to regional and local conditions.

The implementation of the Water Framework Directive thus raises major challenges, these 
include an extremely demanding timetable, in particular in the nine preparatory years; the com-
plexity of the text and the diversity of possible solutions to scientifi c, technical and practical 
questions; the problem of capacity building and an incomplete technical and scientifi c basis 
with a large number of fundamental issues in Annex II and V, which need further elaboration 
and substantiation to make the transition from principles and general defi nitions to practical 
implementation successful. A strict limitation of human and fi nancial resources in Member 
States further adds to the challenge.
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IMPACT OF MAN’S ACTIVITIES ON SEDIMENTS OF A FISHING LAKE 
 IN ALEXANDRIA, EGYPT. (METALS) 

O. El-Rayis

Oceanography Dept, Faculty of   Science, University of Alexandria, Moharrem-Bek 21511, 
Alexandria, Egypt

Lake Maryout is a fi shing lake lining Alexandria at its southern side. Most of the landed fi sh 
comes from its Main Basin (one of the lake’s four sub-basins). This basin, area 6000 acres, 
since the sixties of the last century is polluted as it used to receive raw sewage and industrial 
effl uents from Alexandria City at four hot spots, distributed along the coasts of its eastern half. 
This has led to a noticeable decline with time in the quantity and quality of the fi sh catch and to 
subsequent social and economic problems to the fi shermen. In a solution for these problems the 
government has erected two treatment plants in July 1993 to primary treat these waste effl uents 
before discharging into this main basin at only two sites. One via an agricultural drain opens at 
a (an old) site lies at its southeast side while the other is at a new site at its northwest side.

Surface sediment samples were collected from this polluted basin in 1992 and in 1996 i.e. 
before and after the erection of the two treatment plants respectively and analyzed for the prior-
ity metal pollutants Ag, As, Sb, Cr, Hg, Ni, Pb, Cd, Zn and Cu in addition to organic carbon 
(org-C). Sediment samples were also collected from the other lake basins far away from the 
sewage discharge for comparison. The data reveal that the sediments of the Lake Main Basin 
are remarkably enriched with all the studied elements with respect to those of the other basins 
of the lake. The enrichment was more noticeable for the (spoiled) sediments in front of all the 
old hot spots in addition to those off the new source. The elevated concentrations particularly 
for the last six studied metals are found to be at levels comparable to their corresponding of 
the Median Effect-Range of Long and Morgan recommended by EPA, that may have possible 
effect on bottom fauna and other organisms (including edible fi sh) live in this polluted basin. 
This situation makes this important lake basin as a dangerous source for health-hazard fi sh. 
Suggested solutions are presented here for rehabilitation of the lake and its sediments. The most 
accepted ones by the government include diversion of the sources simultaneously with dredg-
ing of the spoiled sediments and advanced treatments of the effl uents and reuse the water for 
irrigation.
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ADSORPTION AND DESORPTION OF ENDOCRINE DISRUPTOR COMPOUNDS 
ONTO/FROM SOILS AND SLUDGES

E. Loffredo and N. Senesi

Dipartimento di Biologia e Chimica Agroforestale e Ambientale, Università di Bari, 
Via Amendola 165/A, 70126 Bari, Italy

Several xenobiotic compounds including various pesticides and industrial chemicals have 
proven to act as “endocrine disruptors” (EDs). These are compounds able to cause alteration, 
i.e., disruption, of the normal endocrine functions of organisms by direct or indirect interference 
with their hormonal systems acting as hormone-like substances. Assessment of potential envi-
romental hazards associated with ED compounds involves the evaluation of the most important 
processes such as adsorption and desorption that may affect and control their behavior and fate 
in soil. 
The objective of this work was to investigate adsorption and desorption processes of four ED 
compounds, bisphenol A (BPA), octylphenol (OP), ethynil estradiol (EED) and 17 β estradiol 
(17ED), onto/from four soil samples collected from the surface (0-30 cm) and deep (30-90 cm) 
horizons of two sandy soils originating from Portugal (P30, P90) and Germany (G30, G90) and 
containing different amounts of organic carbon (OC), and two sewage sludges (PS and GS) 
used as amendment for these soils. Adsorption kinetics and adsorption/desorption isotherms 
and coeffi cients, K and 1/n, of each ED and each soil and sludge were measured using the 
slurry-type method, HPLC technique and data fi tting in linear and nonlinear Freundlich and 
Langmuir equations. In addition, the distribution coeffi cient, K

d
, and the organic carbon parti-

tion coeffi cient, K
oc

, were calculated .
Adsorption kinetics experiments showed that adsorption of EDs onto all substrates examined 
occurred in two phases, a rapid one occurring generally in less than 10 h of contact and cor-
responding to more than 90% of total adsorption, and a slow one that might need several hours 
until attainment of equilibrium. Experimental adsorption data of BPA onto all substrates were 
better described by a linear isotherm, those of OP by either a linear or a nonlinear Freundlich 
isotherm, those of EED by  a nonlinear, L-shaped (1/n<1) Freundlich isotherm and those of 
17ED by a Langmuir-type isotherm. In general, the K and K

d
 values of the four EDs followed 

the same trend for all samples, that is GS ≥ PS >> G30 > P30 > P90 ≥ G90. The four EDs were 
adsorbed much more extensively (between one and three orders of magnitude) onto sludges 
than onto soils, among which surface horizon samples were able to adsorb more than deep 
horizon samples. The adsorption capacity of substrates for EDs was directly correlated to the 
OC content of sludges and soils. The small differences of K

oc
 values measured among the vari-

ous soils suggested that not only the content but also the nature and properties of OC affect the 
estent of adsorption, and that other soil components, e.g., clay minerals, might be involved in 
the adsorption process of EDs. Among the various EDs, OP appears to be the most adsorbed, 
and EED and 17ED showed a similar extent of adsorption onto any substrate. Adsorption of 
BPA was generally reversible and its desorption occurred fastly, and was completed after few 
desorption steps. On the contrary, adsorption of OP and EED was mostly irreversible, partial 
desorption occurred slowly, and most substrates retained high amounts of adsorbate at the end 
of the experiments.
Research supported by the EC Project Prendisensor, Grant n° ENV4-CT 97/0473.
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SURFACTANTS IN SURFACE AND GROUND WATER IN THE MEDITERRANEAN 
REGION:  IS THERE A PROBLEM?

U. Zoller

Haifa University-Oranim, Faculty of Sciences and Science Education – Chemistry,
Kiryat Tivon 36006, Israel

Sustainable development is a key demand in our world of fi nite resources and endangered eco-
systems.  Given the environmental imperatives, the potential ecotoxicological risk of anthro-
pogenic chemicals and the limited economic feasibility of many of even the most advanced 
treatment and remediation technologies, the switch from the currently dominant corrective 
paradigm to the emerging preventive practice in production, development, consumption and 
disposal is unavoidable. Surfactants, the dominant components in detergent formulations, con-
stitute a particular issue of concern since they enter the aqueous and terrestrial compartments 
of the environment as such or as (bio-)degradation products.  A research-based systemic under-
standing of the distribution, pathways, biodegradation, survival and effects/consequences of 
these surfactants is the key for appropriate integrated relevant environmental policy, regulation 
and education – to be implemented regionally and worldwide.

Israel, as a country with a high standard of living and, hence, typifi ed by high consumption of 
detergents, will be here used as an illustrative case study.  It is located in a semi-arid region, 
thus experiencing an extreme shortage of water supplies.  Of about 5×108 m3 of the annually 
produced sewage – containing ca. 9-12 ppm of anionic (mainly LABS) and 1-3 ppm of nonionic 
(mainly APEOs) surfactants – about 27% and 45% of the total quantity are used, following 
secondary treatment, or directly, for aquifer recharge and agricultural irrigation, respectively.  
Since (i) only secondary treatment is available for sewage effl uents in the country; (ii) APEOs 
are quite biodegradation-resistant due to their branched-carbon alkyl chain; and (iii) about 2/3 
of the nonionic surfactants used in Israel are of the ‘hard’ APEO type, these nonionic surfactants 
and/or their metabolites reach surface and groundwater. The nonionic surfactant concentration 
profi les of the country’s rivers, ground waters and coastal water of the eastern Mediterranean 
Sea were found to be within the range of 12.5-74.6, trace – 20.2 and 4.2 – 25.0, respectively.
The Israel nonionic surfactants case may be considered as a well investigated example, typical 
of other countries which are confronted with (superfi cially) confl icting interests in the socio-
techno-environmental context, requiring sustainable solutions.  Hard nonionic surfactants 
and/or their metabolites, the origin of which are either domestic, institutional, industrial, or 
agricultural wastewater, and/or surface streams polluted by municipal sewage, reach both 
groundwater and the Mediterranean Sea.  Neither the existing sewage treatment facilities, nor 
naturally occurring biodegradation processes in the receiving surface water systems, or physi-
cal soil adsorption appear to be capable of avoiding this pollution.

In view of  (i) the estrogenic/endocrinic potential of these anthropogenic nonionic surfactants;  
and  (ii)  the  recently  reported  fi ndings  of  estrogenic  activity  of  domestic sewage treat-
ment wastewater effl uents  in  European  countries  (e.g., UK),  it  is  clear  that  there  is a  
problem.  The continuing use of APEOs in detergents will be discussed and conclusions will be 
drawn in terms of production-consumption-management of water resources-sewage treatment-
regulation-environmental impact-to be implemented environmental policy relationships.
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EFFECT  OF  CHROMIUM  ACTION  ON  THE  PROTEIN  COMPOSITION  OF  
ARTHROBACTER OXYDANS

M. Abuladze†, N. Asatiani†, N. Bakradze†,  B. Birkaya†, H.-Y. Holman*, T. Kalabegishvili†,
L. Mosulishvili†, A. Rcheulishvili†, N, Sapojnikova†, N. Tsibakhashvili†

†Andonikashvili Institute of Physics, Georgian Academy of Sciences, 
6, Tamarashvili St.,  380077  Tbilisi, Georgia

*  Center for Environmental Biotechnology,      Lawrence Berkeley National Laboratory,  
1, Cyclotron Road, Berkeley, CA, USA

The possibility  of using intrinsic microorganisms to transform toxic heavy metal Cr(VI) ions 
to their less mobile and less harmful Cr(III) forms has stimulated intensive interests in studying 
of the mechanisms of metal-organic reactions at the microbial-mineral surfaces. Using bacterial 
capability to remediate metal contamination in geologic environments is especially important 
for Georgia - where heavy metals are major components of the pollutants.

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. The 
goal of our study was to ultimately establish an understanding of the molecular basis bacterial 
detoxifi cation of Cr(VI). As a fi rst step toward this novel goal, we investigate the infl uence of 
Cr(VI) action on the protein composition of bacterial cells. We are reporting our results using 
Arthrobacter oxydans as our bacteria model. A. oxydans  is known  for its ability to reduce 
Cr(VI) under aerobic conditions. It is isolated from a site in the United States that has been 
polluted with mixtures of heavy metals, radionuclides and organic compounds due to nuclear 
production activity.

The effect of concentration of chromium on the protein composition of cells grown in the cul-
ture 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 by adding 35 ppm Cr(VI) in the culture 
medium. The time-course of chromium action considered was from 1 hr to 72 hrs (without 
subculture).The protein concentrations were measured with Roche Protein Assay ESL kit. 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 in the culture medium. 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. The observed increase of the quantity 
of some protein fraction component, including the cell wall protein component, at the initial 
contact to Cr(VI), can be considered as the initial step of Cr(VI) reducing by A. oxydans. Such a 
suggestion was confi rmed by Electron Spin Resonance, Atomic Absorption and microcalorim-
etry measurements.
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EFFECTS OF TBT ON COELOMOCYTES OF THE MARINE WORM 
SIPUNCULUS NUDUS

V. Matozzo, L. Ballarin and F. Cima

Department of Biology, University of Padova, Via Ugo Bassi 58/B, 35131 Padova, Italy

Tributyltin (TBT) has been widely used as effective biocide in antifouling paint formulations. 
As a consequence, TBT was introduced into the aquatic environments, where it shows a vari-
able persistence in water column, depending on the environmental conditions. In sediments, 
TBT is more persistent, with a half-life from few months to several years. Moreover, as this 
compound is highly lipophilic, contaminated sediments represent a risk for benthic organisms 
which can accumulate it.

In the present study, we investigated the effects of various concentrations of TBT on some 
functional responses of short-term cultures of 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 to use these animals as sentinel organism in biomoni-
toring studies. 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 used concentrations (0.01 to 
1 µM) were considered to be sublethal. At 10 µM TBT, cytolysis of haemerythrocytes was also 
observed.

In the presence of TBT, the amoebocytic index, i.e., the percentage of coelomocytes with amoe-
boid shape, and the endocytotic index, i.e., the percentage of coelomocytes containing Neutral 
Red dye, were signifi cantly (p < 0.001) inhibited at 1 µM. Lysosomal activity index, i.e., lys-
ozyme activity measured spectrophotometrically on coelomocytic lysate, was reduced at 0.05 
µM (p < 0.05) and 0.1 µM (p < 0.01). The apoptotic index, i.e., the percentage of coelomocytes 
with chromatin condensation detected with Acridine Orange, showed a signifi cant (p < 0.001) 
increase at 1 µM after 1 h.

All these indexes can be proposed as biomarkers being sensitive, rapid and reproducible and 
can be considered as useful tools for monitoring TBT contamination in marine sediments.
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REMOVAL OF NITRATES IN TREATMENT OF WELL WATER

H. Barlas, I. Vergili, Y. Kaya, and S. Acarbabacan

University of Istanbul, Faculty  of Engineering, 
Environmental Engineering Department 

34850 Avcilar Istanbul Turkey
ilda@istanbul.edu.tr

One of the most important parameters of impurity of the groundwater, which is caused by the 
result of the agricultural activities, is the nitrate. The amount of the nitrates above a certain 
level in drinking water brings dangerous results. Nitrate causes the formation the carcinogen 
nitroamines in adults and also causes the infant fatality because of the methaemoglomineamie. 
In general, maximum 50 mg/L nitrate concentration level is allowed in drinking water by the 
World Health Organisation (WHO). Limits of allowable levels by WHO is 25 mg/L for adults 
and 10 mg/L for babies.

In this study, the answers to the problems encountered in the preparation of bottle washing 
water obtained from wells are investigated. In this industry, well water (Plant I : 40 m3/h and 
nitrate level : 65 mg/L; Plant II : 80 m3/h and nitrate level : 57 mg/L) was fi rst fl occulated and 
then was passed through sand fi lter and active carbon fi lter respectively. Although the other 
parameters were within the allowable limits but the nitrate levels were above the given limit 
values.

In the laboratory studies using anionic ion exchangers, it was aimed to lower the nitrate levels 
belowe the limit values in the pretermitted water.  According to results obtained from these 
studies, capacity of the ion exchangers was calculated for both plants.  In the plant I, nitrate 
level was kept at the desired level fi rst utilising anionic ion exchanger in a by-stream and then 
raw water added to the water passed through exchanger. In the plant II, since TDS values 
600-700 mg/L, nitrate removal project was abandoned a by-stream was demineralised and 
mixed with raw water.  In doing so, nitrate level was brought to the 45 mg/L and TDS level to 
the 400 mg/L.
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EDTA AMENDMENT TO ENHANCE LEAD PHYTOACCUMULATION IN 
CONTAMINATED SOILS 

A. Barona*, I. Aranguiz**, J. Rios*, A. Elías*, and M. de Miguel*
* Department of Chemical and Environmental Engineering. University of the Basque Country. 

Engineering School. Alda Urquijo s/n. 48013 Bilbao (SPAIN)

Corresponding author: iapbafea@bi.ehu.es

** University College of Technical Mining. Colina Beurko s/n. 48901 Barakaldo (SPAIN)

One of the main environmental problems in industrial areas is the high accumulation of con-
taminants in soils, which limits land uses. Phytoremediation is emerging as a cost-effective and 
environmentally sound alternative for metal-contaminated soils and is based on the ability of 
certain plants to extract metals from the soils with their roots and to concentrate high amounts 
of these metals in the aerial biomass. Although these plants, called hyperaccumlators, may 
accumulate high metal amounts, one limiting factor is the relatively low solubility of certain 
metals in the soil solution. As far as Pb is concerned, this metal accumulation in plants depends 
on the soil characteristics controlling the solubility and mobility of Pb. One method to increase 
the solubility of lead in soils consists of the application of chelating agents (such as ethylen-
ediaminetetraacetic acid, EDTA), that bind with the free Pb2+ cation and form a complex that 
becomes less prone to cation exchange and sorption phenomena in soils. 
The objective of this research is to study the enhanced accumulation of Pb in the Zea mays 
(corn) after chelate addition to soils. One selected soil was contaminated with Pb(NO

3
)

2
 so that 

the fi nal Pb content was 500, 1000, 1500 and 2000 mg/kg soil DW. Corn seeds were germi-
nated in a greenhouse (equipped with supplementary lighting) in plastic pots which were fi lled 
with the original soil (control case) and the artifi cially contaminated soil. EDTA solutions were 
added to the soil at a rate of 1, 5 and 10 mmol/kg EDTA 4 weeks after seed germination. Then, 
the plants were harvested 7 days after the chelate addition. The same experimental procedure 
was carried out with the Brassica juncea (indian mustard)  in order to use the results as a com-
parative case. Roots and leaves of plants were washed, dried and ashed in a muffl e furnace. The 
ash samples were dissolved in an acid mixture in order to determine Pb content in the extracts 
by atomic absorption spectrophotometry. 
Corn grown in Pb-contaminated soil treated with EDTA signifi cantly increased leave and root 
Pb uptake compared to those without EDTA treatment, although the enhanced Pb accumulation 
increase was highly affected by the rate of the chelate addition. Anyhow, the enhanced increase 
was higher in roots than in leaves. The highest Pb amount accumulated in the leaves was 9 and 
11 µg/g for 1 and 5 mmol/kg EDTA addition respectively. However, the metal amounts in roots 
were 50 and 90 µg/g for the same chelate addition. 
Although Pb-EDTA is highly water-soluble and poses potential risks to groundwater in its 
application,  it is very effi cient in increasing soluble Pb concentration and phytoextraction. In 
order for phytoremediation to be effi cient and safe, further research about in-situ application 
rate, weather conditions and other parameters is necessary.
Acknowledgments: The authors wish to thank the University of the Basque Country, who pro-
vided the funding for this study (UPV 112.345-EA108/98).
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PLASTICITY OF GENOME  IN REPLY TO PB AND CD  STRESSES
IN  FUNARIA HYGROMETRICA

*Basile A.,**Capesius I., Castaldo-Cobianchi  R .,***Cogoni A., ****Ferraro M., 
*Morelli G. and   *****Bassi P.

*Dept. of Plant  Biol., Univ. of Naples, Italy; **Dept. of Plant  Biol., Univ. of  Heidelberg, 
Germany;  ***Dept. of Plant Biol., Univ. of Cagliari, Italy, ****Dept. of Genet. and  Mol.  

Biol., Univ. of Rome, Italy;  *****Dept. of Plant Biol., Univ. of Rome, Italy.

 
Researches of last years have shown that  plant  genome, and in particular the repetitive/non 
coding   fraction of it, can be “modulated” in reply    to the action of  environmental stresses,  
that seem to cause quantitative variations of specifi c families of  DNA (see Bassi, 1991, Biol. 
Zentralb. 10: 1-13). To this regard, it has also been suggested that  repeated/non coding DNA 
could act as a mediator between environmental stimuli and gene expression, receiving messages 
from the environment, modifying itself accordingly, thereby infl uencing, in conformity  with 
the message,  the gene expression itself  (Bassi P., 1990,  Biol. Rev.,  65: 185-225).

One of external factors able to cause the above phenomenon are  heavy metals. Moreover, both 
in animals and in plants,  it has been  observed that one of the targets of such elements is repeti-
tive DNA (Sissöeff et al., 1976, Prog. Diff. Res., 197-204). 

The aim of the present research is to investigate how heavy metals may infl uence repetitive 
DNA in Bryophytes: these organisms, in fact, are particularly suitable for  such a kind of stud-
ies. In particular, we observed the genome behaviour in front of the stress caused  by  Pb, Cd 
and Zn in Funaria hygrometrica: in fact, in this moss previous data have offered evidences that 
lead is able to induce modifi cations not only at morphological level (Basile et al., 1995, Ann. of 
Bot., 76: 597-606), but also at the genomic one (Bassi et al., 1995, Protoplasma, 188: 104-108). 
The research has been done both, in individuals grown in  in vitro controlled systems,  as  well 
in individuals  grown  in   Sardinia  metal mines. 

All our  results, obtained  by  different experimental  approaches,  seem to agree in the fact that  
heavy metals in F. hygrometrica can infl uence the repetitive DNA behaviour.   Particularly:  a) 
the X-ray TEM microanalysis  showed that the metals are able to  reach the nuclear chromatin; 
b) cyto-molecular  investigation of the nuclear genome carried out whit A+T and G+C specifi c 
fl uorochromes showed that metals are able to induce selective amplifi cation of G+C rich repeti-
tive DNA sequences  belonging to peculiar  agglomerates that in presence of metals increase 
both in size and number; c) in situ DNA hybridization (FISH) with total rDNA showed that the 
metal susceptible repetitive DNA is owned, at least in part, by ribosomal DNA.
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BIOACCUMULATION AND LOCALISATION OF HEAVY METALS IN 
MEDITERRANEAN AQUATIC PLANTS

V. Carginale*, R. Castaldo Cobianchi**, C. Capasso*, S. Giordano**, G. Cafi ero***, G. 
Morelli**, P. Bassi****, A. Basile**.

*CNR Institute of Protein Biochemistry and Enzymology, Naples, **Department of Plant 
Biology and C.I.S.M.E.***, University Federico II, Naples,****Department of Plant Biology, 

University La Sapienza, Rome, Italy

Phytoremediation is an emerging technology that uses selected and engineered metal-accumu-
lating plants for environmental clean- up. In the ambit of a program fi nanced by Campania 
Region on phytoremediation of polluted sites, we prepared in vitro culture systems to assess 
the capacity of bioaccumulation and phytodepuration of three species of aquatic plants, the 
monocotyledons Lemna minor and Elodea canadensis, and the moss Leptodictyum riparium. 
The plants were exposed to increasing concentrations (from 10-7 to 10-3 M) of cadmium, lead, 
chromium, zinc and copper salts for several days. Of the three plants examined, L. riparium 
appeared to be the most resistant (EC50 = 10-4M for Cu, Cr and Zn, 10-5 M for Pb and 0.5 x 
10-5M for Cd). This species remained viable and capable of regenerating damaged tissues for 
more than 1 month at heavy metal concentrations corresponding to EC50, and up to 6 months 
at lower metal concentrations. For all the species examined, the concentration of 10-3 M was 
lethal for all the metals tested. Damages regarding chloroplasts were observed at morphological 
level, and ultrastructural analyses revealed visible effects at the level of vacuolar and thilacoidal 
organisation. Moreover, the cytochemical analyses of the nucleus showed a rearrangement of 
heterochromatin. X-ray SEM microanalysis revealed localisation of heavy metals mainly on the 
cell wall and in other cytoplasmic compartments. 

Bioaccumulation of heavy metals was evaluated by Atomic Absorption Spectrometry. A statisti-
cal analysis (ANOVA and PRINCIPAL COMPONENTS analysis) of the data obtained show 
that: i) L. minor accumulated less Cu than the other two species. In addition, Cu accumulation 
was not dose-dependent, maximal accumulation having been reached at the lowest dose applied 
(10-6M). In L. minor Cd accumulation was linearly dependent on external metal concentration. 
The amount of Pb accumulated in L. minor was higher than in E. canadensis but lower than in 
L. riparium. The more effective concentration of Pb used was 10-4M. L. minor did not accumu-
late Cr. ii) L. riparium was the most effective in accumulating Cu and Pb at all the concentra-
tions tested; at variance with L. minor, it accumulated Cd in a non-linear manner. Cr was barely 
detected at the highest concentration applied (10-4M) iii) E. canadensis accumulated less Cu 
than L. riparium. However, at variance with the other two species, Cu accumulation linearly 
increased with the Cu concentration, thus suggesting a lower uptake rate of Cu than in other 
two species. Cd accumulation was dose-dependent as in L. minor, whereas the only effective 
concentration of Pb was 10-4M. Cr accumulation was as in L. riparium.
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QUALITY ASSESSMENT OF MARINE SEDIMENTS 
FROM THE COASTAL AREA OF LIGURIA (ITALY)

Bertolotto R.M.1, Bigongiari N.2, Giuliani S.3, Lucarotti S.3, Onorati F.3, Pellegrini D.3,

 Environmental Protection Agency of Regione Liguria  (ARPAL ) – P. della Vittoria 
15/c 16121 Genova, Italy

 Interuniversity Center for Marine Biology and Applied Ecology (CIBM) - V.le N. 
Sauro 4, 57128 Livorno, Italy

 Central Institute for Scientifi c and Technological Research Applied to the Sea 
(ICRAM) - Via di Casalotti 300 Roma, Italy

The aim of this study was to evaluate the quality of marine sediments collected at sites along 
the coastal area of Liguria (Italy) by establishing their chemical/physical and eco-toxicological 
characteristics. Fifteen sediment samples were studied, granulometric fractions were obtained 
and the concentration of heavy metals and of the main organic pollutants was determined. A 
battery of bioassays was also conducted on the same sediment samples. The battery included 
three organism tests: the bacterium Vibrio fi scheri, the amphipod Corophium orientale and the 
echinoderm Paracentrotus lividus. 

Physical/chemical and eco-toxicological results showed widespread contamination, mainly by 
Chromium, and toxicity. 

In a second phase of the study, in order to understand whether Cr is bio-available to the organ-
isms the concentration of Chromium was established in a number of samples after extraction 
with HCl and total mineralization. Extraction with HCl reduced Chromium levels by approxi-
mately 50 %, suggesting that the metal is rather weakly bonded by the matrix. 

Some bioassays and a bioccumulation test were also performed on these samples. Results of 
the bioassay on Corophium orientale, which evaluated the entire sediment (solid matrix + pore 
water) showed toxic levels, while the tests on elutriate with Vibrio fi scheri and Paracentrotus 
lividus found no evidence of hydrophilic toxic compounds. A further  bio-accumulation test 
with H. diversicolor showed no signifi cant bio-accumulation of Chromium.
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INFLUENCE OF TBT ON THE ACTIVITY OF THE DETOXICANT ENZYMES, GST 
AND GPX, FROM HAEMOCYTES OF THE COLONIAL ASCIDIAN BOTRYLLUS 

SCHLOSSERI

F. Cima, D. Dominici, L. Ballarin and P. Burighel

Department of Biology, University of Padova, Via Ugo Bassi 58/B, 35131 Padova, Italy

In the last decade, some authors have hypothesised that a considerable part of the immunoto-
xic effects described for tributyltin (TBT) in mammals was due to Ca2+-independent mecha-
nisms involving changes in sulphydryl groups of both proteins and reduced glutathione (GSH). 
Among the detoxicant enzymes, which play a multiple role in the metabolism of many xenobi-
otics of invertebrates and vertebrates, there are glutathione-transferase (GST) and glutathione-
peroxidase (GPX). 

GST catalyses the conjugation reactions of GSH with electrophilic xenobiotics or their deriva-
tives. It has been described in the antioxidant defence systems mainly of the gill of bivalves 
and as a mediator of xenobiotic detoxication in the liver and kidney of marine fi sh. In mam-
mals, the activation of GST has been proposed to occur after TBT treatment and the presence 
of mercapturic acid supports this hypothesis. However, this derivative was never found in mol-
luscs, suggesting that invertebrates possess a different detoxicant system of organotins. 

GPX is an antioxidant enzyme, which protects from the effects of reactive oxygen species pro-
duction, requiring GSH consumption. In marine fi sh, since the inhibition of GPX by various 
organotin compounds had been recently described, this enzyme can be used as an effective 
biomarker of these pollutants. High concentrations of GPX were found in the blood of many 
invertebrates. The GPX activity detected inside the gill of bivalves is associated with GST and 
is catalysed by this enzyme.

In cultured haemocytes of the colonial ascidian Botryllus schlosseri, we have observed by 
immunocytochemistry that positivity to both GST and Se-dependent GPX antibodies disap-
peared after incubation, for 60 min at 25 °C, in the presence of 0.1 µM and 1 µM TBT, respec-
tively. This suggests that conformational changes occur probably due to direct interaction of 
the xenobiotic with these antioxidant enzymes. Moreover, the spectrophotometric assays on 
the haemocytic lysate have shown that TBT was able to signifi cantly inhibit the GST activity 
(µmoles/min/mg protein) 2.6 times at 0.01 µM and 4.8 times at 0.1 µM, whereas the Se-depend-
ent GPX activity was inhibited 1.5 times at 0.05 µM TBT. Our data suggest that even in the 
ascidian blood cells, enzymes involved in detoxication metabolic processes are present and that 
GST is the most important and sensitive among them.
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MAPPING OF RADIONUCLIDES IN SOILS OF CYPRUS TO DEVELOP THE FIRST 
BACKGROUND DATABASE

Caballero A., Ziegler P.,  Michaelidou C. St.

State General Laboratory, Ministry of Health, Kimonos 44, Nicosia 1451 Cyprus.
Email: stellacm@spidernet.com.cy

In Cyprus, during 1998,  in the fi eld of radioactivity, research was  carried out to evaluate the 
levels and distribution of both technical and natural radionuclides in soils. The aim was  to 
establish background data and create capabilities for early identifi cation of trends or increase 
due to the use of nuclear weapons or accidents.

The program  was planned in cooperation with the NCSR -Dimokritos Institute in Athens and 
the analysis  was carried out at the Radioactivity Laboratory of the State General Laboratory in 
cooperation with NCSR- Dimokritos Institute.

87 samples were taken from the non occupied  area of Cyprus. First a chart was prepared and 
the whole area was divided into 87 sampling points (1 point per 64 km2 ). These sampling points 
were then arranged according to the 5 districts of Cyprus.

All the samples collected were analyzed for Caesium (Cs)  and natural radionuclides using  high 
resolution gamma spectrometry (HP-Ge detector).

The measured activity of Caesium (Cs)  was found to vary from district to district. The higher 
values for Cs were measured in Larnaca area.
The distribution of natural radionuclides over the investigated area will also be presented.
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EVALUATION OF THE METAL – FIXING CAPACITY OF A SARDINIAN ZEOLITE 
AND COMPOST IN REMEDIATION OF HEAVY METALS CONTAMINATED SOILS

P. Castaldi, A. Melis and P. Melis

Dipartimento di Scienze Ambientali Agrarie e Biotecnologie Agro-Alimentari
Università degli Studi di Sassari, Viale Italia 39, 07100 Sassari, Italy
Tel +39 079 229214 Fax +39 079229276 E-mail: pmelis@ssmain.uniss.it

The south-west Sardinia has been the most important mining region of Italy for a long time.
Lead, copper and zinc were the minerals extracted.
The mines abandonment and the absence of effective interventions of remediation in these 
areas, have caused the spreading of steriles and fl otation sludge through wind erosion and rain-
fall and, consequently, the heavy metals pollution in large areas of the surface and the ground-
water.
Currently the most widely accepted method for remediation of heavy metals contaminated 
soils, is altering the chemical composition of these compounds through the addition of various 
admixtures.
This process is commonly known as stabilisation.
Since several years we have been carrying out a wide scientifi c research in order to settle reme-
diation techniques for heavy metals contaminated soils, which do not involve strong modifi ca-
tions in the physical and chemical characteristics of the treated soils. In this research we show 
the preliminary results which describe the metal-fi xing capacity of a local zeolite compared 
with a compost.
The chemical analysis of steriles has shown high concentrations of heavy metals: Pb 0,2, Zn 
0,4, Mn 0,3, Fe 7, Cu 140, Cd 30 mg Kg-1 d.m.. The polluted soils collected at several kilome-
tres below the mines, show variable concentrations in relation to the distance from the polluting 
source and soil depth. Particularly Pb and Zn respectively reach, in the soil superfi cial horizons, 
total concentrations of 1 and 1,5 %. The mobile fraction is included between 40 and 80% of the 
total concentration. 
Zeolite and compost were artifi cially polluted at controlled pH and temperature with increas-
ing concentrations of three heavy metals (Pb, Zn and Cd) in order to obtain the absorption iso-
therms. The results show a good fi xing capacity of zeolite in comparison with the following 
metals: Zn, that presents a L-TYPE isotherm, Pb and Cd, that present a S-TYPE isotherms. The 
Pb – compost isotherm curve is characteristic of materials showing an affi nity proportional to 
the concentration of the contaminant. The Zn - compost and Cd - compost isotherm curves are 
S shaped. 
After contamination the samples were treated with extracting agents of different strength (H

2
O, 

Ca(NO
3
)

2
 0,1N, EDTA 0,05N) to study the contribution of the different interaction mecha-

nisms.
Most of Pb and Zn are fi xed by zeolite with strong bonds, instead most part of Cd is absorbed 
with an electrostatic bond.
Analysis of the Pb fractions extracted from the compost show that all the lead adsorbed is 
strongly retained. The Ca(NO

3
)

2
 extracts almost no Pb, but 60% of it can be extracted by EDTA. 

The fractions of Zn and Cd also follow a similar trend. The Ca(NO
3
)

2
 extracts, on average, less 

than 10% of both heavy metals. The EDTA can extract 60% of the total amount of pollutant 
adsorbed.
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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 Uso Sostenible del Medio Natural (INIA). Apdo. 8111, 28040 Madrid (Spain)
** E. de Ingenierías Agrarias, Universidad de Extremadura, 06071 Badajoz (Spain)

Horticultural crops may be affected by different pests causing serious damages to plants and 
consequently important yield reduction. Several insecticides are applied to tomato crops to con-
trol pests in Spain, the third country producing tomato for preserved food in Europe, being 
chlorpyrifos and endosulfan widely used. Chlorpyrifos is a broad-spectrum organophosphorus 
insecticide controlling a wide range of insect and arthropod soil pests, while endosulfan, a mix-
ture of α- and β-isomers, is an organochlorine insecticide used for the control of sucking and 
chewing insects on fruits an vegetables. In the application of endosulfan to tomato plants one 
part of the insecticide reaches the target while other part is deposited on the soil. Therefore 
both pesticides are found in the soil where they are subjected to different processes that will 
determine the fate of these agrochemicals.

The aim of this work was to study the effect of different factors such as, temperature and soil 
moisture content, in the degradation of these chemicals in soil under laboratory conditions. The 
infl uence of rhizosphere soils in the degradation of these pesticides was also studied. Plant used 
in this assay were weeds usually found in tomato crops (Amaranthus retrofl exus, Chenopodium 
album and Solanum nigrum). In addition, fi eld experiments were conducted in the Spanish 
region of Badajoz to determine the levels of chlorpyrifos and endosulfan throughout the growth 
season of tomato and the residual levels of these chemicals after harvest. Soil from the top layer 
(10 cm) was sampled, extracted with ethyl acetate in small columns and insecticide residues 
were analysed by gas chromatography with electron-capture detector.

Results obtained under laboratory conditions showed that the degradation of chlorpyrifos and 
endosulfan in soil followed fi rst-order kinetics. The effect of temperature on the rate of insec-
ticide degradation was studied using the Arrhenius equation (k=A

0
.e-Ea/RT). An increase of pesti-

cide degradation with temperature was observed. Half-lives, in the range of temperatures stud-
ied, varied from 85 to 25 days for chlorpyrifos, from 40 to 27 days for α−endosulfan and from 
513 to 89 days for the β-isomer. The infl uence of the soil moisture content in the degradation of 
these compounds was studied using the empirical equation H = A.M –B. Results obtained with 
chlorpyrifos and α−endosulfan fi tted well that equation, while no correlation with soil moisture 
content was observed with β−endosulfan. The different kind of rhizosphere soils studied did 
not affect the degradation (at 25 ºC and 8 % of soil moisture content) of pesticides, being the 
half-lives obtained around 21, 32 and 80 days for chlorpyrifos, α−endosulfan and the β-isomer 
respectively. 

The levels of these chemicals in the soil throughout the season, obtained in two tomato fi elds, 
varied from 0.155 ± 0.045 to 0.008 ± 0.002 µg/g for chlorpyrifos, from 0.074 ± 0.043 to 0.008 
±0.002 for α−endosulfan and from 0.146 ± 0.077 to 0.011 ± 0.005 for β−endosulfan. A study of 
residual insecticide levels two months after harvest was carried out in 18 commercial fi elds. No 
chlorpyrifos residues were detected, while residual levels of α−endosulfan varied from 0.032 ± 
0.020 to 0.0014 ± 0.0007 and from 0.178 ± 0.064 to 0.009 ± 0.006 for β−endosulfan.
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INDICES FOR SURFACE WATER QUALITY AND IMPACT ASSESSMENT: FROM 
DATA TO CONCRETE INFORMATION

Christodoulidou M., E.Loizou, Y.Piera & Michaelidou C.St,

State General Laboratory, Ministry of Health, Kimonos 44, Nicosia 1451 Cyprus. 
Email  stellacm@spidernet.com.cy

The development of an innovative monitoring and evaluation scheme for surface waters is pre-
sented. This is based on  integration of chemical, ecotoxicological and microbiological/ viro-
logical parameters and criteria. To bridge the gap between research and decision-making and 
to provide more concrete information, monitoring results from 226 parameters, were integrated 
and expressed by  nine quality or effect indices: The Industrial pollution, the Pesticide pollution, 
the Nutrient Pollution, Organic Pollution, the Bacteriological, the Toxicity, the Biodiversity, the 
Benthic Saprobity  and the Irrigation Quality Index.  Each index refl ects a different type of pol-
lution or effect. Target values were developed for each index based on available limits of the 
individual parameters included in each index. For compounds for which limits do not exist, 
information from international literature and data bases of ecotoxicological data  were used to 
develop target values. Expert judgment  and socioeconomic factors are considered in develop-
ing these technical and political oriented targets. All indices are integrated in one yardstick (the 
Amoeba) by which the status of water resources, degree of deviation from targets and priori-
ties for policy measures are clearly described. This Amoeba evaluation  based on holistic evalu-
ation of interrelated parameters (indices) clearly provides management oriented information  
and is complimented by  the traditional evaluation. The latter based on individual parameters 
judged against legal limits, identifi es specifi c parameters for which deviation from limits occurs 
and provides technical/legal oriented information. This integrated evaluation scheme can  also 
provide information for Environmental Impact Assessment studies in catchement zones. The 
main elements of the system design and development of Amoeba, as well as  potentials to sup-
port informed decision making will be discussed. This work was done  within the EC funded, 
Life Project 95/CY/B2/CT/868 MED.
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SORPTION-DESORPTION OF PB(II) BY MODEL ASSOCIATIONS
 OF SOIL COLLOIDS

M. Cruz-Guzmán, R. Celis, M.C. Hermosín and  J. Cornejo

Instituto de Recursos Naturales y Agrobiología, CSIC, P.O. Box 1052, 41080 Sevilla, SPAIN

Natural colloids are organomineral associations of multiple soil constituents, which are the 
main contributors to sorption and transport processes affecting contaminants in soil and water. 
The importance of individual soil constituents on contaminants sorption is usually evaluated 
by studying the sorption behaviour on selected soil fractions or by investigating changes in 
sorption after removing soil constituents, such as Fe oxides or organic matter. An alternative 
approach is the use of model sorbents.

In this work, we have studied the sorption of Pb(II) by binary and ternary sorbents containing 
montmorillonite (SWy), ferrihydrite (Ferrih) and humic acid (HA), and the results were com-
pared with the sorption behaviour of the individual model sorbents. The model particles 
were prepared in the laboratory and characterised by elemental analysis, X-ray diffraction, 
infrared spectroscopy and specifi c surface area measurements. Pb(II) adsorption isotherms 
were obtained using the batch equilibration technique and fi tted to the Langmuir equation. The 
corresponding Langmuir parameters, Cm and L, were calculated. Results obtained were dis-
cussed to establish the interaction mechanism.

With regard to single sorbents, sorption of Pb(II) was high on humic acid, moderate on 
montmorillonite, and zero on ferrihydrite. Accordingly, ferrihydrite coatings on SWy reduced 
the sorption of lead by the resulting  SW-Ferrih systems. HA coatings on SW increased the 
sorption of lead, whereas this effect was not observed for the Ferrih-HA systems. This was 
attributed to blockage of the functional groups of HA responsible for Pb(II) sorption (carboxy-
lates and phenolates) as a result of their interaction with the ferrihydrite surface. A similar 
behaviour was observed when HA was associated with Ferrih-coated montmorillonite.

Pb(II) desorption isotherms showed that sorption by the model associations was reversible. 
Spectroscopic studies revealed the role of carboxylate groups in the retention of lead and the 
presence of Pb(II) in the clay interlayers.

The results of this study confi rmed that the sorptive behaviour of colloidal particles is not the 
simple sum of the sorption on single components, illustrating the usefulness of considering the 
behaviour of binary and ternary model systems as sorbents in order to give a more realistic 
interpretation of the adsorption process in soil.

Acknowledgement. This work has been partially supported by Junta de Andalucía through 
Research Group RNM-124. M. Cruz-Guzmán gratefully acknowledges the Ministry of Educa-
tion and Culture for her F.P.U. fellowship.
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STUDIES ON THE ADSORPTION OF CAESIUM, COBALT AND EUROPIUM 
RADIONUCLIDES ON AGRO-RESIDUES FROM AQUEOUS SOLUTIONS

A.A.M.Daifullah*, H. Moloukhia** and A. El-Sayed***

Hot Laboratories Centre, Atomic Energy Authority, 13759, Cairo, Egypt.

Individual adsorption studies of Cs+, Co2+ and Eu 3+ on agro-residues (rice husk and bagasse 
pith) from aqueous solutions are reported. Optimal conditions for the adsorption of the metal 
ions have been identifi ed. The variation of the amount sorbed of the isotope per gram adsorbent 
with concentration of the relevant element was determined. The adsorption of these cations by 
rice husk and bagasse pith was also determined in the presence of interfering ions. The desorp-
tion tests from aqueous  and acidic medium were examined. The data suggest the possible use 
of the two agro-residues for the preconcentration of these cations.

* To whom correspondence should be addressed. 
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KINETIC BEHAVIOUR AND DEGRADATIVE CAPABILITY OF LENTINULA 
EDODES LACCASE ISOENZYMES  ON DIFFERENTLY-SUBSTITUTED 

CHLORINATED SUBSTRATES 

A.  D’Annibale, S.R. Stazi, G. Giovannozzi Sermanni

University of Tuscia, Department of Agrobiology & Agrochemistry, Via San Camillo de Lellis 
snc 01100 Viterbo (Italy)

Laccase (E.C. 1.10.3.2 benzenediol:oxygen oxidoreductase) is a copper oxidase able to bring 
about the oxygen-dependent oxidation of a wide array of substrates including substituted phe-
nols, anilines, benzidines and benzenethiols. Laccase acts on phenolic substrates by a one-elec-
tron abstraction from the hydroxyl group giving rise to aryloxyradicals and quinones, which, 
in turn, undergo non-enzymatic reactions. Due to their poor solubility in water systems, reac-
tion products can be removed from solution by centrifugation or simple fi ltration. Therefore, 
the enzyme could be a suitable candidate for the removal of targeted compounds from several 
industrial and agroindustrial effl uents. Among these compounds, chlorophenols constitute a 
major class of priority pollutants. In fact, they are produced as precursors of chlorophenoxya-
cetate herbicides, as wood preservatives and broad-spectrum biocides. In addition, they are 
present in effl uents from chlorine-based bleaching processes.

In the present study, extracellular laccase isoenzymes were isolated from solid-state cultures 
of the fungus Lentinula edodes Berk Pegler (strain SC-495) and partially purifi ed by ammo-
nium sulfate precipitation, affi nity chromatography (Concanavaline A-Sepharose) and anion-
exchange chromatography (Mono-Q). The purifi cation scheme yielded a preparation containing 
three protein bands with laccase activity as assessed by staining with phenolic substrates after 
partially denaturing SDS-polyacrylamide gel electrophoresis. Initial reaction velocity measure-
ments were performed with differently-substituted chlorinated substrates using a Clark oxygen 
electrode. In addition, the kinetics of laccase-catalysed removal of these substrates from syn-
thetic effl uents was  studied by reversed-phase chromatography. 

These experiments showed that both the initial reaction rate and the removal yields, regardless 
the incubation time, greatly varied depending on the nature of substituents and their reciprocal 
positions on the aromatic ring. As expected, the initial rates of laccase-catalyzed oxidation of 
the chloro-substituted benzenediols 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 dichlorinated and trichlorinated iso-
mers. In particular, 2,4- and 2,6-dichlorophenol were oxidized at a higher rate than the other 
isomers. This was also observed by comparing the initial velocities of laccase-catalysed oxi-
dation of 2,4,6-trichlorophenol, 2,4,5- and 2,3,6-trichlorophenol, the former compound being 
oxidized at a higher rate than the latter phenols. The enzyme failed to oxidise nitro-substituted 
chlorophenols in accordance with previous studies reporting that compounds bearing electron-
withdrawing  functional groups were not prone to oxidation by phenoloxidizing enzymes.  
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UPTAKE AND DISTRIBUTION OF AS IN AMARANTHUS BLITOIDES  GROWING 
ON CONTAMINATED SOILS

M. Del Río*, R. Font*, D. Vélez**, C. Almela**, R. Montoro** and A. De Haro*.

*IAS-CSIC. Alameda del Obispo s/n. E-14080 Córdoba. Spain
**IATA-CSIC. Aptdo. 73. E-46100. Burjasot. Valencia. Spain.

Previous results obtained by our group have demonstrated the high potential of Amaranthus 
blitoides to be used in phytoremediation of contaminated soils with heavy metals and arsenic 
(De Haro et al., 2000). A pot experiment was conducted to investigate the effi ciency of this spe-
cies to extract and accumulate As gradually added to soil, and therefore to establish the suit-
ability of of Amaranthus blitoides for remediation of polluted soils by As.

The experiment was performed at three levels of As: 1, 3 and 10 mg As Kg-1 [added as sodium 
hydrogen arsenate (Na

2
HAsO

4
 7H

2
O)] to the surface of soil, together with the corresponding 

control plants. Arsenate signifi cantly increased total dry biomass production compared to con-
trol plants at the highest level of As after six weeks of growth in contaminated soil. The As 
concentration in root and shoot were signifi cantly increased by increasing As levels and time of 
exposure in the contaminated soil. The A. blitoides plants accumulate higher levels of As in the 
roots than in the shoots. The results of this experiment confi rm that A. blitoides is a promising 
species for phytoremediation of As by its potential for uptaking this pollutant and to produce 
high biomass.

REFERENCES
DE HARO,A., PUJADAS, A., POLONIO, A., FONT, R., MONTORO, R., DEL RIO, M. 
(2000). Phytoremediation of the polluted soils after the toxic spill of the Anzalcóllar mine by 
using wild species collected in situ. Fresenius Environmental Bulletin 9: 275-280.



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Pathways and Effects of Chemicals C17

GEOLOGICAL HISTORY AND GEOTHERMAL POTENTIAL AS PRIMARY 
FACTORS AFFECTING DIVERSITY AND ABUNDANCE OF PHYTOBENTHIC 

COMMUNITIES IN COASTAL ZONE OF GREEK ISLANDS.

A.Diapoulis, A.Conides, P.Panayotides and K.Bogdanos

National Centre for Marine Research, Agios Kosmas, Hellinikon, 
16604 Athens, Greece

The coastal phytobenthos of Greece in constantly researched and evaluated in terms of abun-
dance, distribution and diversity through national and international research projects. The 
results obtained so far clearly indicate that the geological history and geothermal potential of 
the islands (i.e. volcanic or not) are factors that affect signifi cantly the physical and chemical 
quality of the water in the coastal zones of these islands and thus, the distribution, abundance 
and diversity of the benthic community profi les.

The main results from the existing data are the following ,
a. Volcanic Islands

· the number of species and coverage is almost stable throughout the year
· Phaeophyceae show the highest coverage
· phytobenthos community structure remains almost identical throughout the year
· low number of species (below 120) with small range (100-120)

b. Other non volcanic areas
· the number of species and coverage show signifi cant differences throughout the year
· Chlorophyceae exhibit the smallest number of species and coverage, while Rhodophyceae 

the highest phytobenthos community structure exhibits changes
· higher number of species (above 120) with higher range (70 - 120)
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ENVIRONMENTAL BEHAVIOUR OF MONOCHLOROBENZENE IN AN ARABLE 
LOAMY SOIL

F. Brahushi*, U. Dörfl er*, R. Schroll*, E. Feicht** and J.C. Munch*

*GSF – National Research Center for Environment and Health, Institute of Soil Ecology, 
P.O.Box 1129, 85758 Neuherberg, Germany

**GSF – National Research Center for Environment and Health, Institute of Ecological 
Chemistry, P.O.Box 1129, 85758 Neuherberg, Germany

The intensive use of monochlorobenzene (MCB) as solvent, degreaser and intermediate in 
chemical synthesis resulted in its widespread occurrence in the environment. Pollution of 
groundwater by this organic compound is becoming an important problem in some areas. To 
understand the fate and behaviour of monochlorobenzene in the environment the biodegrada-
tion and volatilization processes in an arable loamy soil was investigated. In a closed aerated 
laboratory system 14C-monochlorobenzene was incubated with sieved (<2mm) soil material, 
amended with different substrates. Wheat straw was used as a slowly available C source and N, 
P fertilisers as an easily available additional nutrition source for the soil microorganisms. The 
evolved 14CO

2
 and volatilised 14C-compounds were trapped separately and quantifi ed by liquid 

scintillation counting. At the end of experimentation 14C-mass balance was established. The 
results show clearly, that volatilization is the main loss mechanism of MCB from soil whereas 
mineralisation is of minor importance. Additional nutrition sources cannot increase the miner-
alisation process considerably.
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AN ENVIRONMENTAL EVALUATION OF METALS RELEASE FROM PESTICIDES 
AND ITS IMPACT ON WATER AND

SOILS POLLUTION IN EGYPT

I. M. El-Gamal

Institute of Environmental Studies and Research, 
Ain Shams University, Abbasia, Cairo, Egypt

Remarkable increase in the use of pesticides and fertilizers in terms of quantities and qualities 
is recently observed which can seriously threaten our environment. Some of pesticides contain 
certain heavy metals such as As, Hg, Cu, Zn, and many other associated metals. The present 
study was designed to investigate the level of heavy metals in some pesticides and to study 
the fate of these metals in drainage water. A fi eld study was carried out in an Egyptian village 
named Qutta. The studied pesticides are Mancopper, Diathen M-45, Trimelitox Phorte and zinc 
phosphide. The investigated metals are Cd, Pb, Cu, Zn, Fe and Mn. Results obtained revealed 
that there is a slight increase in the level of metals in the drainage water in comparison with 
the irrigated water. Meanwhile, a noticeable building up of metals in plant and soil was also 
recorded.
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CHEMICAL CHARACTERISTICS OF SEAWATER AND SURFACE SEDIMENTS OF 
THE AEGEAN SEA (FEBRUARY 1999)

N. Friligos and E. Krasakopoulou

National Centre for Marine Research, Gr-16604, Hellinikon, Greece

The present work contains the results of the investigation on the nutrient content of the water 
column and on the carbon and nitrogen of the surface sediments, sampled at six stations in the 
Aegean Sea during February 1999. The nutrients analysis was carried out by means of a Bran-
Luebbe Autoanalyser while carbon and nitrogen in the sediments were determined on a Fisons 
CHN elemental analyser.

Variations of temperature and salinity are essentially restricted to the upper layer (0-100m). The 
range of the physical parameters for all depths were the following: temperature ranged between 
9.38 and 15.39 °C and salinity between 32.32 and 39.07 psu. The lowest values of temperature 
and salinity, observed at the northeastern part of the study area, are probably attributed to the 
freshwater inputs originated from the Evros river, as well as to the infl ow of the less saline sur-
face water coming from the Black Sea. These values are lower than those recorded during previ-
ous sampling cruises in May 1997 and September 1998 and it is evident that they are affected 
by the greater river discharge and the lower atmospheric temperatures occurring during winter. 
Rather high oxygen concentrations (attaining ~6.3 ml/l) were observed in the surface layer of 
the northern part coinciding with the low salinity and temperature values. The vertical distribu-
tion of dissolved oxygen revealed that the maximum variations of the parameter were recorded 
in the layer from 0 to 100m depth; the concentration gradient was very small from 100m to 
the bottom. Since the greater part of organic material has been oxidized in the upper layer 
(50-100m), oxygen depletion diminishes with depth and consequently in the deeper part of the 
water column a smaller negative gradient of oxygen concentration is observed.

In the euphotic zone, nutrients are practically depleted by the phytoplankton uptake. However, 
extremely high nutrient concentrations were observed at the surface of the area which is under 
the infl uence of the Evros river discharge. The oxidation of organic matter induces a rapid 
increase in the nutrient concentration below 200 m, and the enrichment in reactive phosphate, 
nitrate and silica rises progressively in deeper waters. The range, the mean and the standard 
deviations of the nutrients concentrations, in µmol/l, for all the stations and depths are the fol-
lowing: nitrite+nitrate: 0.25-13.8, 1.97±2.09; phosphate: 0.008-0.420,; 0.067±0.064 and sili-
cate 1.45-16.48, 2.84±2.18). Attention is drawn to the N:P and Si:P ratios and their possible 
deviation from the theoretical values. From the regression analysis the following equations 
were found: NO

3
 = 29.9 PO

4
 - 0.07 (n=51, r2=0.84), N:P=29.3; SiO

4
 = 32.1 PO

4
 + 0.68 (n=52, 

r2= 0.88), Si:P=42.3. 

The percentage of organic carbon by weight at the sediment surface was 0.20-0.80%, while the 
percentage of total nitrogen was 0.02-0.11%. The organic carbon concentrations obtained in 
this study are of the same order of magnitude with sedimentary organic carbon data from other 
offshore waters in the eastern Mediterranean and the Aegean Sea. The ratio of organic carbon 
to nitrogen ranged between 7 and 9 and is similar to the Redfi eld value of 6.6. 



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Pathways and Effects of Chemicals C21

ATRAZINE RESIDUES IN SOIL, SURFACE AND GROUNDWATER IN 
AGRICULTURES AREAS OF SERBIA

S. Gašic*, M. Budimir*, D. Boškovic* and N. Neškovic* 

*Institute for Plant Protection and Environment, T. Drajzera 9, Belgrade, Yugoslavia

Atrazine is a triazine herbicide, used worldwide since 1952 to control annual weeds in differ-
ent crops. In Yugoslavia atrazine is one of the most commonly used herbicides. Subsequent to 
its extensive use, numerous reports on soil, surface and groundwater contaminations have been 
documented.

Because of that, atrazine was monitored in a typical crop growing area in Serbia, and in this 
paper we report the results of four years investigation of soil, surface and groundwater pollution 
by atrazine. 

The soil samples were collected from  different localities, from the tilage level, on two depths 
(0-15 and 15-30 cm) during the period September-November from 1995 to 1999. Surface and 
groundwater samples were taken from the same localities at the same period. The residues were 
detected by gas chromatography and ELISA tests. 

The results have shown that almost all analysed soil samples contained residues of atrazine. 
These quantities varied from 0.02 to 0.10 mg/kg (0-15 cm), and up to the 0.05 mg/kg 
(15-30 cm), dependinig on the locality, soil type and the year of investigation. 

Concerning the residues in surface and groundwater it was found out that most of the analysed 
samples contained atrazine residues. So, in the case of surface water quantities of residues 
ranged from 1.0 to 4.13 µg/L, while groundwater contained residues up to 0.1 µg/L, depending 
on the locality and the year of investigation.   
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EROD ACTIVITY INDUCTION IN AQUATIC ANIMALS

C. Gravato, M. A. Santos

Animal Physiology/Ecotoxicology Sector
Department of Biology

University of Aveiro
3810-193 Aveiro

Portugal
(gravatoc@bio.ua.pt; monteiro@bio.ua.pt)

The aim of this study was to evaluate the sensitivity of ethoxyresorufi n-O-deethylase (EROD) 
activity in the crab Carcinus maenas hepatopancreas and in the juvenile Dicentrarchus labrax 
(sea bass) liver, under laboratory conditions, as well as, to study the enzymatic induction profi le 
in male and female crabs.

In this perspective, sea bass and crabs were exposed during 3 days to the concentration range 
of 0, 0.1, 0.3, 0.9 and 2.7 µM β-naphthofl avone (BNF), a standard and potent liver EROD 
inducer.

Sea bass liver EROD activity was signifi cantly increased at 3 days exposure to 0.9 (p<0.01) 
and 2.7 µM (p<0.001) BNF, when compared to control. The no-observed effect concentration 
(NOEC) after 3 days sea bass exposure was defi ned at 0.3 µM BNF. Maximal liver EROD activ-
ity increase was observed at 2.7 µM BNF (4.4-fold increase over control). Therefore, sea bass 
liver EROD results revealed a dose-related response from 0.3 up to 2.7 µM BNF.

The crab EROD activity was signifi cantly increased after 3 days exposure to BNF, showing a 
NOEC at 0.3 µM BNF. Male crabs exhibited a signifi cant EROD activity at 0.9 (p<0.02) and 2.7 
µM (p<0.02) BNF, when compared to control. In males, this activity reaches a maximal value at 
0.9 µM BNF (4.1-fold increase over control) and it was slightly decreased at 2.7 µM (2.8-fold 
increase over control). In females, the EROD activity was signifi cantly increased (4.4-fold over 
control) at 3 days exposure only to 0.9 µM (p<0.01) BNF, when compared to control. However, 
it was increased in females at 2.7 µM BNF (5-fold over control), although not signifi cantly.

The main results reveal that control sea bass exhibit higher liver EROD activity, when compared 
to the activity of crabs hepatopancreas. However, both species can be used as bioindicators to 
assess aquatic contamination, since a similar EROD activity increase was observed after BNF 
exposure, a PAH-like EROD inducer. Furthermore, it was observed the same NOEC, suggesting 
similar sensitivities. The use of crabs as environmental bioindicators also gives the advantage 
to easily distinguish contamination effects on males and females, due to their phenotype differ-
ences. However, further studies at different maturation stages are required to understand it.
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ASSESSMENT OF LIVER BIOTRANSFORMATION AND GENOTOXICITY 
INDUCTION IN SEA BASS AFTER SHORT-TERM EXPOSURE TO RESIN ACIDS

C. Gravato, M. A. Santos
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Department of Biology, University of Aveiro

3810-193 Aveiro, Portugal
(gravatoc@bio.ua.pt; monteiro@bio.ua.pt)

Resin acids (RAs), a group of diterpene organic compounds, are discharged with the effl uents 
of pulp and paper mills. During pulping and bleaching processes, RAs are extracted from trees 
cellulose fi bres and discharged with the effl uents of pulp and paper mills. Among the dominant 
RAs, abietic acid (AA) and dehydroabietic acid (DHAA) are the most abundant in effl uents. 
Cacia pulp and paper mill effl uent, one of the major polluting sources of the River Vouga and 
Aveiro Lagoon, is presently discharged into the Aveiro coastal area. Therefore, there is a par-
ticular interest in the validation of genotoxicity tests and liver responses as biomarkers for pulp 
and paper mill contaminants environmental monitoring.

In this perspective, juvenile Dicentrarchus labrax L. (sea bass) was exposed during 0, 2, 4, 6 
and 8 hours to the concentration range of 0, 0.0125, 0.025, 0.05, 0.1, 0.3, 0.9 and 2.7 µM abietic 
acid (AA) or dehydroabietic acid (DHAA). Liver cytochrome P450 (P450) and liver ethoxyre-
sorufi n-O-deethylase (EROD) were determined as biotransformation biomarkers. Genotoxicity 
was measured as erythrocytic micronuclei (EMN) and nuclear abnormalities (ENA).

AA inhibited EROD at 2 hours exposure to 0.05 µM. A signifi cant P450 increase was observed 
at 2 hours exposure to 0.05 (2.3-fold) and 2.7 µM (6.3-fold), as well as, 6 and 8 hours exposure 
respectively to 0.0125 (3.4-fold) and 0.025 µM (4.9-fold) AA. EMN and ENA frequency were 
signifi cantly increased at 2 hours exposure to 0.9 µM AA. A signifi cant EMN and ENA increase 
was observed with an increased exposure length up to 8 hours.

DHAA induced a signifi cant EROD increase (3.2-fold) at 2 hours exposure to the lowest con-
centration tested. Liver P450 was signifi cantly increased at 2 hours exposure to 0.025 (1.8-fold) 
and 0.3 (2.5-fold), at 4 hours exposure to 0.1 (3.6-fold), and at 6 hours exposure to 0.1 (3.2-fold) 
and 0.3 µM (2.8-fold), whereas it was signifi cantly decreased (30% of control value) at 4 hours 
exposure to 0.9 µM. EMN and ENA frequency were signifi cantly increased from 0 up to 2 
hours exposure to all DHAA concentrations tested and kept high from 2 up to 8 hours.

The comparative analysis of the two resin acids genotoxic effects showed that DHAA is more 
genotoxic than AA, since 0.0125 µM promoted at 2 hours a 20- and 3-fold EMN and ENA 
respectively increase, against a maximal induction of 13- and 3-fold increase for 2.7 µM AA at 
4 hours exposure. However, RAs genotoxicity is not directly associated with high levels of liver 
EROD activity and liver P450 content, in the sea bass. Therefore, several biomarkers as well as 
bioindicators are requested to assess the effects of aquatic contaminants, since the absence of a 
specifi c effect does not always refl ect the absence of contamination and toxicity.
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TRACE METALS (CD, CU, CR, PB, ZN) IN THE BLUE MUSSEL FROM THE 
EASTERN ADRIATIC

Z. Kljakovic Gašpic*, I. Ujevic**, A. Baric*
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tology of the sea, P.O.Box 500, 21000 Split, Croatia

**Faculty of Natural Science and Arts, Teslina 12/4, 21000 Split, Croatia

This paper presents the results of the fi rst two years of monitoring of trace metals using mus-
sels, as a part of the National Monitoring Program of the Adriatic Sea supported by MEDPOL. 
This project was designed to determine the status and trends of trace metal contamination in the 
coastal and estuarine waters of the Croatian coastal region. 
The levels of essential (Cu, Zn) and non-essential (Cd, Pb, Cr) metals were determined in a 
whole soft tissue of the Mediterranean blue mussels (Mytilus galloprovincialis) collected at 
a grid of sampling stations (30 locations) along the eastern Adriatic coast. The mussels from 
natural populations were collected annually, at the same sites and times, with an intention to 
establish temporal changes of trace metal concentrations in the marine environment. Special 
attention has been paid to shellfi sh breeding farms in the Mali Ston Bay, where samples were 
collected seasonally (4 samples per year). The analyses of trace metals were performed by a 
GF-AAS. All results were determined on dry-weight basis (mean water content: 38±13 %).
Although a wide range of concentrations was observed for lead (0.4–10.9 mg kg-1 d.wt.) and 
zinc (49–836 mg kg-1 d.wt.), most of the values were lower than 3.0 mg kg-1 d.wt. and 250 mg 
kg-1 d.wt., respectively. Higher lead concentrations were recorded in the areas with input of 
industrial and urban wastes. Mean copper concentrations (10.1±6.3 mg kg-1 d.wt.) were several 
times higher in comparison to mean values reported for the Mediterranean, but only 1.2–1.8 
times higher in comparison to the reference station in the Mali Ston Bay. Values for cadmium 
(0.92±0.33 mg kg-1 d.wt.) and chromium (1.76±0.61 mg kg-1 d.wt.) were within the range of 
values reported for coastal areas of the Mediterranean.
It was diffi cult to perform comparison of obtained results with published data for Adriatic and 
Mediterranean due to variations in both the quality of analytical data and in sampling proce-
dures. Especially high differences exist between wet weight/dry weight ratios reported by dif-
ferent authors. Generally, presented data on trace metal content in mussels provide no proof of 
the general pollution of the Croatian coastal area as compared with reference station, but some 
evidence of locally increased levels was found, especially for Pb and Zn.
No statistically based conclusions could be drawn in relation to annual trends in trace metal 
body content, since the power of tests for trends is limited by the number of years for which 
data are available. However, there is indication that concentrations of lead, chromium, copper 
and zinc in mussels from highly urbanized areas are decreasing, while no signifi cant difference 
was observed for cadmium.
A comparison of contaminant concentrations in the edible tissue of mussels from shellfi sh 
breeding farms with the Croatian legislation shows that the consumption of their meat is not 
harmful for humans.
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DYNAMICS OF ANTROPOGENIC INFLUENCE TO PLANT COMMUNITIES OF 
ABRAU PENINSULA OF CAUCASUS BLACK SEA COAST

E. Kouznetsova

Moscow State University, Sec. Geography, Dept. of Biogeography, Vorobiovi gori, 119899 
Moscow, Russia (Fax 932-88-36)

The plants of Abrau peninsula are rich and original. There are more 180 rare and disappeared 
species. 40 species of them are classifi ed as protected. 18 species of them are in Red Book of 
USSR. Croup of relict and endemic plants have particular interest. Common number of relict 
species is 49, endemic species is 31 (23% of them are the local endemic species).
However my research shows that man activity strong infl uences on the state of plant communi-
ties of Abrau peninsula. Cutting forest, herds of cattle, ploughing fi elds, gardens and vineyards, 
building the settlements, tourbases, rest houses and many unorganised tourists lead to degrada-
tion and destruction of peninsula plant communities. It leads to the substitution one communi-
ties by others.
In process of my work the standart methods of plant geobotany description and decode of air 
photographs in 1948, 1986 and cartographic methods are used.
Comparative analysis of air photographs shows that in verious years the different kind of man 
infl uence on nature took place. In period of Grate Patriotic War 1941-1945 and after it the cut-
ting oak and hornbeam forest from Quercus petraea and Carpinus caucasica had occured to 
restore economy. In the fl ood plains where large settlements of Abrau peninsula were located 
the 60%-70% place with forest was cutted.
Communities of Juniperus excelsa, Pistacia mutica and Pinus pithyusa are growing on the steep 
south slopes near Black sea. Namely here the main quantity of rare species of plant communi-
ties, endemic and relict species of Abrau peninsula are located. Because of road absence in 1948 
this plant communities have been infl uented by people in less degree than on other plants. It is 
known that junipers are growing very slowly and only after 120-150 years old they reach 4-6 m 
height. In present time the junipers in majority plant communities have 4-6 m height. Therefore 
preserved juniper communities of Abrau peninsula probably are not less than 120-150 years 
old.
After it the common picture was changed. By 1986 recreation and tourism owing to good 
natural condition and building roads along Black sea had played big role. Namely relict com-
munities of Juniperus excelsa, Pistacia mutica and Pinus pithyusa near shore have been infl u-
enced by people because there was built many tourbases and rest houses. For last 20 years in 
Novorossiysk region the 538 hectares of juniper forest was cutted to organize the holiday area.
Also in present time unorganised tourists play big role to depress the coast plant communities. 
Tourists cut trees, bush, trample grass and make fi res. Often they are reason of forest fi re. For 
example in 1993 near one of tourbase the fi re have burned 1,5 hectar of juniper communities 
and in 2000 - 3 hectar.
To protect relict plants of Abrau peninsula the state reserve must be organised in this rigion 
urgantly. Research, restore and health-improving measures must be conducted here. Moreover 
it is necessary to estimate the acceptable recreation pressure on the plants of Abrau peninsula. 
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Aluminium in its various species buffers protons in soils and natural surface waters and play 
an important role in the cycling of other elements. Its toxic effects on organisms are well 
known. However, aluminium occurs in various chemical species, of which free Al3+, AlOH2+, 
and Al(OH)

2
+, were found to be the most crucial to evaluate its toxicity and in the predict the 

impact of proton inputs on soils and surface waters. The concentration these reactive Al species 

may be diffi cult to determine directly because the interaction of them with, for example, a 
complexing agent, leads rapidly to rearrangement amongst labile aluminium complexes. A very 
large number of methods exist for the fractionation of aluminium but only a few interlaboratory 
comparisons are reviewed  in the literature. The lack of conformity or specifi ty of the analytical 
procedures for Al speciation is not the greatest hindrance for achieving verifi cation and 
quality control. The main reported drawback of all these method performance programs is the 
instability of any standard samples provided for the testing program.

The aim of the work was to investigate relatively simple methods for determining  of reactive 
Al species in soil solutions. Two ion exchangers (Iontosorb-Oxin and Iontosorb-Salicyl, fy 
Iontosorb, Ústí nad Labem, Czech Republic),  and two chelating exchangers (Spheron-Oxin and 
Spheron-Salicyl, fy Lachema Brno, Czech Republic) were used for the separation of individual 
Al species over a wide pH range (2.0 – 8.0) with ICP–AES and ETAAS detection. The 
effi ciency and selectivity of chromatographic Al species separation were investigated in model 
systems consisting with various inorganic and organic Al compounds as well as in the real soil 
solutions. The determination of reactive Al species was performed using  spectrophotometry 
method based on the reaction time long enough only for substantial reaction with free and 
“labile” forms of Al too. In unfi ltered and fi ltered (0.1 and 0.4 µm) model and real soil solutions 
were determined the amounts of reactive Al species by chromatography and spectrophotometry 
methods. Moreover a modifi ed “Driscoll” method was used as a “standard” method of 
analysis for the determination of several aluminium speciation fractions. Results of analytical 
procedures are compared with distributions calculated using chemical equilibrium models. The 
soil solutions were collected from locations where the high aluminium activities are the most 
hazardous factor for terrestrial ecosystems. The practical outcome of the work is the utilization 
of proposed Al speciation procedures for calculation of Al toxicity indexes which allow more 
objective assessment of Al toxicity in soils in comparison with informations about so called 
“active Al” contents or Ca2+/ Al3+ ratios.
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AN OVERVIEW OF THE METHODS USED TO EVALUATE THE INTERACTIVE 
EFFECTS OF CHEMICALS
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Increased heavy metal and organic pollutants contamination in aquatic ecosystems has become 
a major concern. Furthermore, it has become an accepted fact that, since chemicals never occur 
alone in nature, it is most important to investigate the combined effects of chemicals on aquatic 
organisms. There are quite some studies that investigate the interactive effect of chemicals on 
aquatic organisms. On the other hand, not all of these studies use the same method in order to 
predict the theoretically expected effect when two or more chemicals are applied on an organ-
ism. The interactive effect is called additive, if the experimental results are not signifi cantly dif-
ferent from the theoretically predicted ones, otherwise it is either synergistic or antagonistic. It 
is often possible that the interactive effect of two chemicals may be characterized as “additive” 
based on one method and “synergistic” or “antagonistic” based on another one. The purpose 
of this study is to present different methods that have been used for evaluating the interactive 
effect of chemicals, to compare these methods and to show studies where these methods have 
been used. 
  
The fi rst models dealing with interaction or joined action of chemicals were used mainly for 
predicting effects of drugs and herbicides. One of the oldest and most widely used model was 
described by Gowing in 1960. Tammes published a model based on isoboles in 1964. Rum-
mens critisized Gowing’s model and published his own in 1974. Another very popular model is 
the model of toxic units. Koenemann (1981) has suggested the use of Mixture Toxicity Index 
for predicting the interactive effects of chemicals. Kungolos et al. in 1997 suggested a model 
for evaluating the interactive effects of chemicals, using a method based on the theory of prob-
abilities. The fi nal equation that was used by Kungolos et al. was essentially the same with   
another equation, which had been used by Colby (1967) and others based on the model fi rst 
developed by Gowing (1960). Still the reasoning was different. The explanation for the model 
developed by Gowing (1960) and Colby (1967) was based on the assumption that the chemi-
cals acted consecutively on the organism. The model which was used by Kungolos et al. was 
based on the assumption that the chemicals acted simultaneously and not consecutively on the 
affected organism.
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ORGAN DISTRIBUTION OF RESIDUES OF A BRANCHED NONYL PHENOL 
ISOMER IN LYMNAEA STAGNALIS L.
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Branched isomers of p-nonyl phenol (NP) are perceived to be more resistant to biodegradation 
in aquatic environments as well as to have more estrogen-like toxicity behaviour than the 
straight chain isomers. By use of GC-MS, some of them have also been identifi ed to exist in 
higher concentrations in the isomeric compound mixture than the straight chain isomers. The 
investigations of the distribution and metabolism of branched isomers in aquatic organisms 
are therefore important in understanding the mechanisms of toxicity of NP. A single branched 
isomer of NP, 4(3´-,6´-dimethyl-3´-heptyl)-phenol, was synthesized in the laboratory and used 
in in vivo studies of its organ distribution and metabolism in Lymnaea stagnalis L., following 
constant exposure to 14C-NP isomer in water over a period of 8 days at an average exposure 
concentration of 5.7 ppb (range: 4.9-5.9 ppb). The results obtained clearly showed the transfer 
of the isomer residues in various internal organs of the organism following uptake in water and 
food. The bioaccumulation factor in specifi c organs, especially in the heart and in the digestive 
gland/albumen gland, was very high, reaching BAF

w
 values of 1106 and 637, respectively, com-

pared to a BAF
w
 value of 72 obtained previously by whole tissue analysis. The high concentra-

tions of this toxicant in the digestive gland and in the heart shows that their cell membranes are 
capable of absorbing and retaining it more than the other organs. The accumulation of the resi-
dues was also relatively higher in the stomach/intestines (BAF

w
 133) and in the gonads (BAF

w
 

294) than in muscle (foot) (BAF
w
 50). The digestive gland which is the major site of digestive 

activity responsible for processing, storage and excretion of fi ne particulate materials absorbs 
the fi ne particulates (< 4µm) and any adsorbed toxicants from circulating blood whereas the 
high bioaccumulation factor in the heart may correspond to its central function which involves 
very rapid fi ltration and circulation of nutrients and excretory material in the blood.

Analysis of extracts of organ tissues by HPLC and GC-MS after digestion with Pankreatin 
and nitric acid, showed one more polar hydroxylated metabolite in the digestive gland/albumen 
gland, heart, stomach and in the gonads, in addition to the original isomer. A similar metabolite 
with the same HPLC retention time was also detected in faeces. Further in vitro metabolism 
studies of this isomer would be useful in understanding its biotransformation and toxicity in 
aquatic organisms. 
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INFLUENCE OF ORGANIC AMENDMENTS ON METAL RETENTION BY A 
SANDY SOIL

E. Diaz-Barrientos, L. Madrid, C. Maqueda and E. Morillo
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The disposal of many organic wastes on agricultural lands is a widely used practice. The wastes 
frequently contain substances which improve soil fertility, however other components can have 
undesired consequences for crops. Agricultural applications of these residues is important for 
both environmental an economic reasons. 
 
The purpose of this study was to evaluate the effect of the addition of two residues used as 
amendment on the retention of copper and zinc on a sandy soil. 

The soil was sampled from the surface horizon of a soil classifi ed as Hydromorfi c Regosol. 
The soil was amended with urban waste compost or compost  manufactured from olive mill 
wastewater and other plant residues.

The results of the present study showed that the addition of the residues increased the retention 
of both heavy metals. The proportion of added Cu retained is considerably higher than that of 
Zn, suggesting a higher affi nity of the soil for the former. The desorption of the sorbed metal by 
dilution is always negligible, regardless of whether the soil has been amended or not.   
 
The addition of the waste amendments increases the pH and organic matter content of the soil. 
The result strongly support that pH is the main  driving “force“ for retention of the metal . 

The application of wastes to soils must be studied carefully, because in some case can con-
tribute to immobilise metal, but pH changes that may eventually take place ( through fertilisa-
tion, acid rain, etc)  may easily reverse the process toward the undesired release of signifi cant 
amounts of metals in soluble forms.
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EVALUATION OF A FRESHWATER ENVIRONMENT QUALITY USING A 
BATTERY OF ECOTOXICOLOGICAL TEST
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Ecotoxicological tests are an indispensable tool in the evaluation the environmental quality, 
in fact chemical analysis alone could not give direct informations about the synergistic, addi-
tive or antagonistic effects of contaminants on biota. Moreover environmental toxicity test (on 
receiving waters and sediments) may reveal or confi rm the existence of toxic conditions in the 
receiving water, and may demonstrate the location of unknown toxic point-source or diffuse 
discharges. 

The Sabato river, located in Southern Italy, represent a really interesting case-study: it borns 
in a uncontaminated area and then crosses different potential contamination sources: highly 
industrialised zone, densely populated areas, and agricultural ones. Its waters, therefore, con-
tain a complex mixture of different effl uents. Moreover ours previous screening ecotoxicologi-
cal study shown an unexpected ecotoxic zone in the surroundings of springs. 

The aim of this work is to evaluate the Sabato river environmental quality by means of a bat-
tery of ecotoxicological tests during a year period. Water and sediment samples from 10 sites 
(disposed in according to the different potential source of contamination) were collected.
A battery of toxicity test were conducted on river water: acute toxicity test with Vibrio fi sheri 
(Microtox), Daphnia magna, Thamnocephalus platyurus, Brachionus calycifl orus; chronic toxicity test with 
Selenastrum capricornutum. The same acute and chronic toxicity test were conducted also on 
sediment elutriates; moreover Daphnia magna sediment toxicity test was conducted too. It’s 
really important utilising a battery of toxicity test to show species-specifi c answers. The chronic 
test (algae test), moreover, let to investigate the long term toxicity effects, probably different 
from acute ones.

The result obtained in all tests, for the fi rst six months of biomonitoring, suggest a compromised 
situation in the terminal part of the river. Moreover, the waters near the head of the river (about 
3 Km) show an continuos ecotoxic character mainly marked with algae toxicity test. This result, 
in according with our previous data, is probably due to the polluted waters coming from Drag-
one Valley by underground circulation (karst). 
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EFFECT OF AN ORGANIC AMENDMENT ON NUTRIENT AVAILABILITY AND 
PLANT CONTENT
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Interest in organic agriculture has been increasingly growing in the last few years due to envi-
ronmental problems related to conventional farming, as well as to the economical  support given 
by the European Union. Conventional farming causes organic matter depletion,  one of the more 
important characteristics of the degradation of cultivated land.
Application of organic matter has long been known to improve physical properties of soils in 
addition to providing some nutrients. However, as far as the use of organic matter is concerned, 
more information is needed on the effect of application of organic matter on crop production. 

The purpose of this study was to evaluate the effect of organic versus mineral farming on the 
availability of nutrients and their content in different plants. 
The soil used  in this study was a calcareous loamy soil, classifi ed as Xerofl uvent. The pH is 
7.6 and has 23 per cent of carbonate content .The organic matter amendment was a composted 
vegetal residue with a high C/N ratio. 

Field as well as green-house experiments were carried out. Four replicates per treatment were  
randomly established in a complete block design. During fi ve years and before each crop the 
soil received  30000 kg ha-1of the compost, or a conventional mineral fertilizer. The plots were 
planted with three rotation crops. Samples of  both types of fertilized soils were taken at the end 
of each cropping. At the end of each growing period the plans were randomly collected for each 
plot to estimate the nutrient content. Micro and macro nutrients were determined in the plants.  

Available micronutrients were estimated with 2 extracting solutions, DTPA in presence of 
CaCl

2 
and TEA at pH 7.3 and EDTA at pH 7.Available P, K, Ca and Mg were also determined. 

The preliminary results obtained show that for string beans, and  for the leaf and stem of leaf-
beet,  the K content corresponding to the plant from organic plots are greater than the content 
from plants in mineral plots. However the calcium content has the opposite behavior. On the 
other hand the data corresponding to carrot plants do not show differences between organic and 
mineral plots 

DTPA-extractable micro nutrients were scarcely affected  by both types of farming, while. 
EDTA-extractable Fe, Mn and  Zn  were somewhat higher in organic than in mineral plots. 
However higher differences were found in the contents of  macronutrients  elements..  
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SIGNIFICANT PRESENCE OF LEAD AND OTHER ENVIRONMENTAL 
POLLUTANTS ON CHAMELEON EGGS IN SOUTHERN SPAIN
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Females of oviparous species that inhabit polluted environments can acquire and accumulate 
pollutants and transport them to their eggs. Also reptile eggs with permeable shells could absorb 
pollutants from the soil where they develop. Pollutants can produce severe impacts on eggs 
leading to embryo death or abnormal embryonic development. We have analysed the presence 
of chemical toxicants inside chameleon eggs from southern Spain. In this area, chameleon 
(Chamaeleo chamaeleon) is considered an endangered species that usually inhabits highly 
humanised areas. Previous studies have shown high embryo mortality rates under natural 
incubation conditions. Low concentrations of nine of ten analysed organochlorine pesticides 
appeared in all the studied clutches. Only DBF and DDE were found at concentrations above 1 
ppb. Total PCBs were present at higher concentrations, with an average value of 17 ppb. Resi-
dues of Cu, Pb and Zn were found in the clutches. Lead concentration was especially signifi cant 
with an average of 14.2 ppm. Zn concentration averaged 11.05 ppm. Cd was not found in any 
egg. The lead concentration found in chameleon eggs has been found toxic for other species 
and tissues. The main source of Pb in the area is probably related with the combustion of leaded 
fuel in vehicles. Traffi c is very intense in the area and chameleons use to live very close to 
motorways. Lead could be ingest in the diet or breath by females, and also could be absorbed 
by eggs from the fi rst soil layers where they are laid.
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SUBLETHAL EFFECTS OF LOW LEVELS OF SOIL POLLUTION ON 
PERMEABLE-SHELL LIZARD EGGS
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Many reptile species lay eggs with soft-shells that are permeable to soil water. In fact, eggs 
usually absorb water from the soil increasing their weight and volume up to three or four times 
from egg laying. We hypothesised that eggs may also absorb other chemical substances from 
the soil, including some pollutants. Absorption of pollutants could negatively affect embryonic 
development and survival. 

To test whether pollutants can cross through the egg membrane and affect embryos we exposed 
eggs of two Iberian lizard species from unpolluted areas to acidic water and to chemical fertilis-
ers. In all cases, pH of 4 or ammonium nitrate concentrations of 200 mg of nitrate per litre 
had no effect on incubation duration and embryo survival. Ammonium nitrate had sublethal 
effects on hatchling size and juvenile performance. These effects may infl uence the success or 
the survival of juveniles during or after their fi rst wintering. Also, the sublethal effects indicate 
that pollutants can cross through the membrane and enter inside the egg, affecting the embryo. 
We also have evaluated the impact of low Ph and ammonium nitrate on the morfology of the 
egg membrane after incubation.
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DOSE-EFFECT RELATIONSHIP BETWEEN UV-B RADIATION AND AMPHIBIAN 
EMBRYO MORTALITY
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The embryonic stage of some amphibian species is very sensitive to ambient levels of UVB 
radiation. Many amphibians lay their eggs in clear and shallow water and eggs are fully exposed 
to solar radiation. Egg masses have a transparent gelatinous matrix and egg membranes are also 
permeable to UV radiation. In fi eld studies we have studied the sensitivity of eggs of different 
amphibian species to ambient levels of UVR. We tested eggs of several species at different loca-
tions and years. Some species were always sensitive and others were always tolerant, but for 
some species results varied among experiments. Environmental variability of UVR dose could 
explain this apparent contradiction. To know the dose-effect relationship, we conducted in the 
laboratory several experiments where we exposed eggs of different species to realistic and con-
trolled increasing levels of artifi cial UVB radiation. Embryos of all studied species showed a 
positive relationship between UVR intensity and mortality rate. Moreover, and for a given UVR 
intensity, there was a positive relationship between dose and mortality. We found signifi cant 
differences in sensitivity among species. The spade-foot toad was the most sensitive species 
and showed high mortality after three days of exposure. The rest of species showed signifi cant 
embryo mortality after at least fi ve days of exposure. Weather conditions and air and water qual-
ity affect UVR exposure and could signifi cantly infl uence the impact of UVR on amphibian 
embryos in the fi eld. Moreover, the duration of the embryonic development, strongly related 
with water temperature and the oviposition site characteristics, may be also related to the 
impact of UVR on amphibian embryos in the fi eld.
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Nonylphenol (NP) is widely used in nonionic surfactant formulation, especially in producing 
nonylphenol ethoxylates (NPEs). NPEs are commonly employed in plastics, latex paints, lubri-
cating oils, emulsifi ers, pesticides, paper and textile industries, and both household and indus-
trial detergents. As a consequence of their wide use, high levels of NPEs are discharged in the 
aquatic environment, either directly from untreated effl uents or indirectly from sewage treat-
ment plants, where they are biologically degraded to de-ethoxylated intermediates, of which 
NP is the fi nal product. In water, NP is more persistent than NPEs; moreover, because of its 
high lipophilicity NP can rapidly be accumulated by aquatic organisms, especially by bivalve 
molluscs. 

In the present study, we evaluated lethal and sublethal effects of NP on the clam Tapes philip-
pinarum, ecologically and commercially important in the lagoon of Venice. In 96 hour lethality 
test, animals were exposed to 0, 0 plus acetone, 0.19, 0.38, 0.75, 1.5, 3 mg NP l-1. The 96-h LC

50
 

was 1.12 mg l-1.

To evaluate alterations of physiological responses (fi ltration rate, respiration rate, scope for 
growth and survival in air) clams were exposed to various sublethal NP concentrations (0, 
0 plus acetone, 0.025, 0.05, 0.1, 0.2 mg NP l-1) for seven days. Adverse effects of NP were 
observed on physiological parameters of clams. Filtration rate signifi cantly decreased at 0.1 and 
0.2 mg NP l-1 (p<0.001 and p<0.01, respectively). A signifi cant decrease in respiration rate was 
also observed at all tested NP concentrations. Moreover, scope for growth, which represents 
the difference between the energy absorbed from food and the energy lost via respiration proc-
esses, was signifi cantly reduced at 0.1 and 0.2 mg NP l-1 (p<0.01 and p<0.05, respectively). 
Finally, the highest tested NP concentrations signifi cantly decreased the resistance of clams to 
air exposure and enhanced the mortality rate (P<0.01 at 0.1 mg NP l-1 and P<0.001 0.2 mg NP 
l-1 ).

The results of this study demonstrate that the analysed physiological parameters are responsive 
to NP short-term exposure. Moreover, as tested NP concentrations are similar to  environmen-
tally realistic levels, a condition of potential risk for the preservation of coastal biocenoses is 
highlighted.  
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The importance of soil micro-organisms depends on their ability to transform animal and veg-
etable remains into simpler compounds that enter again into the ecosystem life cycle. Further-
more, they are the main responsible for the mobilisation, bio-transformation and bio-accumu-
lation  processes of micronutrient and/or pollutant metals present in traces in the soil. It is long-
time known the micro-organism ability, in particular bacteria and fungi, to interact with metals 
by means of adsorption phenomena.

In this paper the binding ability of functional groups present in the cell walls of an ubiquitous 
soil fungus, Trichoderma viride Pers.: Fr., towards some heavy divalent metals, Cd, Co, Cu, Pb 
and Zn, was studied.

Processing the data from potentiometric titration of T. viride by the McCallum, Midgley and 
Gran’s combined methods, the surface of the cell wall was characterised in terms of functional 
group total acidity, distinguishing among strong, weak and very weak acidity.

Using Henderson Hasselbalch equation the dissociation constant values of weak and very weak 
acid, pKa

1
 e pKa

2
 respectively, were graphically determined. Titration data of T. viride in the 

presence of metal were instead processed with the Bjerrum’s method adapted by Gregor for 
determining the conditional stability constants of metal complexes with synthetic polyelectro-
lytes  in terms of log K

1
 and log K

2
. Here has been used for 1:1 and 1:2 metal-T. viride com-

plexes, respectively. 

No simple equilibrium can adequately describe the complexation process of metals with com-
plicated absorbent systems like the one we have studied. Among the different methods till now 
used for the study of complex natural systems, the potentiometric method, modifi ed according 
to Irving and Rossotti, allows a good evaluation of the ligand dissociated form, a feature that 
deeply affects the results validity. This approach does not require the determination of free 
metal in solution, not an easy parameter to evaluate during the potentiometric titration.
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Intensive acquaculture imposes the use of  antibacterial drugs. As a general rule drugs adminis-
tered by oral route are slowly absorbed and excreted with deject (Alderman and Michel,1992). 
As a consequence, animal waste from intensive acquaculture contains antibiotics and other 
drugs in active form. Flumequine is a Quinolone antibiotic, widely used in intensive acquacul-
ture (Quevauviller and Maier, 1994). It is quite persistent and has been found  in the wastewater 
of a sea bass intensive acquaculture station, during a treatment period up to a level of 50  µ.l-1 
(Migliore et al. 2000). To assess the risk of fl umequine environmental contamination several 
tests can be utilised: embryotoxicity could be useful.
The use of early life stages of Brachydanio rerio in toxicity testing has several advantages. 
Zebra fi sh are relatively easy to breed in the laboratory, eggs available all year round; embry-
onic and larval development can be continuously checked and malformations observed by 
microscopy, because of the transparency of eggs and post-hatch larvae. 
The aim of this study has been to evaluate toxic and teratogenic effects of fl umequine on embry-
onic development of Brachydanio rerio. Different Flumequine concentrations were used (77 
mg/L, 50 mg/L, 38.5 mg/L, 25 mg/L, 19.2 mg/L, 12.5 mg/L, 9.6 mg/L, 4.8 mg/L) to assess 
mortality in 24h old embryos: mortality was directly related to dose, reaching 74% at the high-
est concentration (2% in controls). Experiments were performed in triplicate; 30 animals per 
group were used.
Teratogenic effects were studied on survived individuals, at all doses. No alterations were found 
at concentrations lower than 25 mg/L and higher than 50 mg/L. At intermediate concentra-
tions a distinctive phenotypic feature has been observed: malformation of the caudal portion of 
the embryo, with an evident folding of the body, along both the anterio-posterior and lateral 
(right-left) axes. In particular, a signifi cant alteration of the muscular apparatus were observed. 
The myosepta are often interrupted while the fi brillae showed a poor development with large 
empty areas in the embryo. Alterations are most often unilateral. Signifi cant alterations were 
also found in the cephalic region: disorganisation and poor development of the basicranial, oral 
and branchial cartilage were observed. The central nervous system was usually well developed 
but in few cases eyes were unilaterally deformed.  In these individuals the layering of the nerv-
ous portion got lost and lenses, not differentiated, were like buds. 
In conclusion, Flumequine caused toxic and teratogenic effects on Brachydanio rerio. Experi-
ments must be performed to assess the chronic toxicity of Flumequine, more representative of 
the concentrations found in environmental compartments.
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Terbuthylazine and Imazethapyr are s-triazine and imidazoline herbicides active against annual 
and perinnial grass and broad-leaved weeds, useful when applied either pre or post-emergence. 
In Moroccco are recommended for weed control in cereals and sugar beet.

We investigated the phototransformation of these herbicides in aqueous solution tamponed to 
pH 7. Experiments were conducted using a suntest (Heraeus) apparatus, which provides a good 
simulation of solar light.

The concentration of remaining herbicides was followed using a high- pressure liquid chroma-
tograph (HPLC) equiped with UV detector at 230 nm for the both herbicides terbuthylazine and 
Imazethapyr.

Kinetic parameters of photoreaction show a fi rst order dependence of concentration of herbi-
cide versus time. The order of susceptibility to photolysis was imazethapyr followed by ter-
buthylazine.



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Pathways and Effects of Chemicals C39

A BIOGEOCHEMICAL MODEL OF A MEDITERRANEAN LAGOON (SACCA DI 
GORO, 1989-1998)

J. M. Zaldívar, E. Cattaneo, C.N. Murray, P. Viaroli† and G. Giordani†

European Commission, Joint Research Center,
Environment Institute, Water Research and Monitoring Unit,
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†Dipartimento di Scienze Ambientali,
Università di Parma, Parma, Italy

A model of the Sacca di Goro ecosystem has been developed and partially validated with fi eld 
data from 1989 to 1998. The model considers the nutrient cycles in the water column as well as 
in the sediments. Furthermore, phytoplankton, zooplankton, and Ulva rigida dynamics, as well 
as shellfi sh farming, are taken into account. Due to the recent anoxic crises in the Lagoon, the 
dynamic of oxygen has been also simulated. The actual version of the model is a 0D with input 
fl uxes from the watershed and exchange with the Northern Adriatic Sea. Nutrients from the 
watershed, wet and dry deposition, temperature, light intensity and wind speed are considered 
as forcing functions. The results show that the model is able to capture the essential dynamics 
of the lagoon, with values in the same order of magnitude with the measurements from experi-
mental campaigns. The coupling with a 3D hydrodynamical model of the Sacca di Goro, as well 
as with the watershed model of Burana-Volano is presently under development.

e-mail: nicholas.murray@jrc.it
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MARINE OUTFALL LIFETIME IMPROVEMENT BY CHANGING PORT TYPE OF 
DIFFUSER PIPE IN THE BLACK SEA EXAMPLE

S.Nemlioglu

University of Istanbul, Faculty of Engineering,
Department of Environmental Engineering, 

34850 Avcilar - Istanbul, Turkey
E-mail: snemli@istanbul.edu.tr

Marine outfalls are commonly used for disposal of domestic wastewater in many of Mediterra-
nean Countries. Outfall systems are sensitive hydraulic performance. Both system lifetime and 
environmental effi ciency depend on hydraulic performance of outfall. Many of outfall systems 
were designed with diffuser pipe including simply opened holes (sharp edged port) sides of 
pipe. Many of outfalls have sharp edged pots in wide pipe wall thickness (SEWWT). However 
it could be encountered at low hydraulic performance especially in some of this type outfall 
systems that were designed as sharp edged ports diffuser pipes. When these sharp edged sys-
tems converted to the bell mouthed ports their hydraulic performance could be increased more 
than their initial service lives. In this study, considering old style outfall, some sharp edged 
ports outfall systems were designed using Black Sea’s characteristics according to various fl ow 
rates then the same systems were converted to the bell mouthed ports systems and differences 
in fl ow rates of the systems were studied theoretically. The results of changing the shape of the 
ports were analyzed according to the increase in outfall systems.
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A MULTIDISCIPLINARY INVESTIGATION OF A PERTURBATED AREA ALONG 
THE LIGURIAN COAST

F. Onorati, M. Pulcini, C.Virno Lamberti, A. Ausili, M. Gabellini, D.Pellegrini 

ICRAM – Istituto Centrale per la Ricerca scientifi ca e tecnologica Applicata al Mare, Via di 
Casalotti, 300, 00166, Rome, Italy

From 1995 to 1997 an integrated approach to study the environmental health of marine coastal 
area near a treatment plant in Ligurian Sea (Italy), was applied. Physical, chemical, biological 
and ecotoxicological characteristics of sediment were determined and the results were evalu-
ated with multivariate analysis, to fi nd relations among the physical-chemical and biological 
parameters and among sample sites. Furthermore the results were compared with previous inte-
grated studies in the same area in order to evaluate spatial and temporal alterations of the sedi-
ment quality.

The relatively high levels of two trace metals (Cr and Cu), pointed out also in previous study 
(1987), is mainly due to the presence of basic rocks, belonged to local river basins. Whereas 
the concentration of Zn, Hg, PAHs and PCBs, although were lower than in 1987, highlighted a 
persistent environmental impact, confi rmed also by the bioassays.

In spite of the evident contamination, the macrozoobenthic community showed a natural gradi-
ent with a high specifi c diversity and richness in the coastal zone and a progressive decrease of 
the structural parameters in the open sea.
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CHARACTERISATION OF SEDIMENT POLLUTION AND TOXICITY IN
THE FUSARO COASTAL LAKE, CAMPANIA, SOUTHERN ITALY

G. Pagano*, L. Ferrara**, M. Iaccarino*, V. Ibello§, S. Meriç§§ and R. Strada§
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§ Biolink, v. Caravaggio, I-80125 Naples, Italy
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Maslak, TK-80626 Istanbul, Turkey

This report is a part of a study aimed at evaluating the status of sediment pollution and toxic-
ity in a set of coastal lakes in the Campania region, approximately 30 km NW from Naples, 
Italy. The Fusaro Lake has been affected for decades by domestic and industrial wastewater 
effl uents. These were from an electronics plant, that has disposed of a number of inorganics into 
the Fusaro Lake.
In the prospect of a remediation plan, it was necessary to evaluate the effects of multiple pollu-
tion on sediment composition and toxicity. Sediment samples from Fusaro Lake were analysed 
for the levels of a series of inorganic and organic contaminants, and tested for a set toxicity 
endpoints in sea urchin (Paracentrotus lividus) embryos and sperm affecting early life stages. A 
total of 21 sampling sites were defi ned, aiming at the most even distribution of sampling sites, 
except for a higher site concentration in proximity of the plant effl uent outlet. The following 
endpoints were evaluated both including lethal and sublethal effects: a) acute embryotoxicity, 
i.e. early (pre-hatch) embryonic mortality; b) developmental defects, consisting in retarded or 
malformed pluteus larvae, or arrest in larval differentiation, e.g. at gastrula stage; c) changes in 
sperm fertilization success, and d) transmissible damage from sperm to the offspring.
The major goals of this bioassay series consisted of: a) defi ning the localisation and compar-
ing the toxicity outcomes of sediment samples; b) referring sediment toxicity to contaminant 
levels. Namely, inorganics were either measured following strong-acid extraction or by seawa-
ter extraction under stirring for 24 hrs; organics were measured by HPLC.
The results provided the following evidence: a) the topographic pattern of inorganics levels 
consistently showed a set of sampling sites with highest contaminant levels, with a maximum 
concentration near the lake outlet; b) an analogous and consistent pattern was shown by PAH 
levels; c) toxicity outcomes suggested an association with the topographic distribution of pol-
lutants, although regression analysis failed to provide a signifi cant relation with either inorgan-
ics or PAH levels. Regarding inorganics, a non-signifi cant, yet suggestive correspondence was 
observed between toxicity outcomes and the cumulative levels of Cu, Ni and Zn, measured fol-
lowing seawater extraction. When inorganic levels were measured following strong-acid extrac-
tion, regression analysis led to the lack of any association towards toxicity data. This was con-
sistent with our previous study pointing to the relevance of inorganic analyses based on sea-
water extraction, whereas strong-acid extraction failed to lead to any association with toxicity 
data.
Altogether, the present results provide further evidence for the applicability of sea urchin bio-
assays in evaluating sediment toxicity. The results suggest the opportunity of analysing inorgan-
ics by a mild (e.g. seawater) extraction for a realistic evaluation of inorganic levels in polluted 
sediment.
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EFFECTS OF COPPER (II) EXPOSURE ON DNA, RNA AND PROTEIN CONTENT 
IN THE VENUS CLAM CHAMELEA GALLINA

D.M. Pampanin, L. Ballarin, L. Carotenuto and M.G. Marin

Department  of Biology, University of Padova, via U. Bassi 58/B, 34131 Padova, Italy.

After an in vivo exposure, the effects of copper on DNA, RNA, protein contents and their rela-
tive ratios were investigate in the venus clam Chamelea gallina, aiming to evaluate the use of 
these biochemical parameters as stress biomarkers in future research. 
Clams were exposed for 1, 4 and 7 days to various concentrations of Cu2+ (0, 10, 60 and 110 
µg/l). Small pieces of gill and mantle were dissected and immediately frozen with liquid nitro-
gen. Nucleic acid and protein contents were measured according to the methods of Caldarone 
and Buckley (1991) and Bradford (1976), respectively.
In gill and mantle DNA and RNA contents present the same course. The relative DNA content 
(DNA/dry weight) signifi cantly decreases with respect to controls at the highest tested Cu2+ 
concentrations (p<0.001 at 60µg/l and p<0.01 at 100 µg/l) in 1 day-exposed clams, whereas 
exposure causes a signifi cant increase at 10 µg/l after 7 days. The relative RNA content shows 
a signifi cant decrease at the highest tested concentrations in 1 day-exposed clams; a slight 
decrease is observed after 4 days of exposure at 10 and 60 µg/l, while a highly signifi cant 
increase is found at 110 µg/l. A signifi cant difference in RNA level, compared to controls, is 
observed in 7 day-exposed clams at all assayed Cu2+ concentrations, although the highest RNA 
value is detected at 10 µg/l. Gill exhibits higher values of nucleic acids in comparison with 
mantle. In gill RNA/DNA ratio signifi cantly increases with increasing heavy metal concentra-
tion only in clams exposed for 7 days. In mantle RNA/DNA ratio does not show a signifi cant 
variation during the exposure. Gill protein level shows a trend similar to those observed in 
nucleic acid contents. Moreover, the protein synthesis is highly depressed after 4 and 7 days of 
exposure as revealed by protein/DNA ratio values. In the present work copper affects biochemi-
cal parameters after 1 day of exposure, whereas a longer exposure time causes a different meta-
bolic response of clams to toxicant.
The RNA/DNA ratio and the other related parameters are usually considered ecophysiological 
indexes, which summarise the physiological activity of animals under given environmental con-
ditions. They may help to explain chronic effects of contaminants and can also be used for 
the assessment of the wellbeing of bivalves in the fi eld. As growth is closely related to protein 
biosynthesis which is controlled by RNA, the level of RNA will vary according to metabolic 
needs, whereas DNA quantity is constant in somatic cells, so that the DNA content represents 
an index of the number of cells and can also give an estimate of the cell size. A deep alteration 
in parameter values occurs in clams exposed. Both tissues  respond in a similar way to copper-
exposure, even though gill is more responsive. The effects observed could be attributed to an 
inhibition of energy-yielding processes, channeling of energy for maintenance of homeostasis, 
or interference with feeding.
The comparison of nucleic acid and protein contents and their relative ratios can represent an 
integrated approach in stress assessment.
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THE MICROBIOLOGICAL QUALITY OF SURFACE WATER IN CYPRUS

G.T. Papageorgiou, N. Pissarides, C. Kourtis and D. Akkelidou
State General Laboratory, 44 Kimonos Street, 1451 Strovolos, Nicosia, Cyprus

During the period July 1996 - March 2000, 167 water samples from the seven main dams 
of Cyprus and their contributing rivers were tested as part of the EU LIFE project 95/CY/B2/
CT/868 MED. The bacteriological examination of the samples included detection and enumera-
tion of total coliforms, faecal coliforms, faecal streptococci and Salmonella spp. The virologi-
cal parameters tested were F-specifi c RNA bacteriophages and culturable enteroviruses. 

According to the EU Directive 75/440/EEC for water intended for the production of drinking 
water, 90% of the samples must comply with the limits set for the category concerned. The 
Lefkara, Kalavassos, Dhypotamos and Polemidhia Dams fell into the A2 category (Normal 
physical treatment, chemical treatment and disinfection). The Yermasoyia and Evretou Dams 
only just failed (>85% of the samples complied with the A2 limits). The Kourris and Asprokrem-
mos Dams, which are Cyprus’ two largest reservoirs, complied with the A3 category (Intensive 
physical and chemical treatment, extended treatment and disinfection). It should be noted that, 
of the 11 times that the samples were outside (over) the A2 limits, 8 cases involved only high 
total coliform numbers. This can possibly be explained by the fact that most of these cases 
coincided with long drought periods with low water level and high temperatures in the dams. 
Since the drought period seems to be getting longer every year, frequent monitoring of the water 
of the dams and rivers is essential, in order to ensure that its use is safe for the health of the 
consumer.

In addition, the Polemidhia Dam was used as a polluted reference point, as it is contaminated by 
a nearby sewage stabilisation pond. Although the water of its contributing river, Garyllis, was 
found to be signifi cantly contaminated, the water of the dam itself was of good bacteriological 
and virological quality and could be classifi ed under category A2. However, the water of this 
dam can only be used for irrigation since it receives treated sewage effl uent.

Analysis for salmonellae was performed only for the last 3 sampling sessions of the pro-
gramme, hence, no signifi cant conclusions could be deduced, although their presence in a few 
samples is of concern. F-specifi c RNA bacteriophages were only sporadically detected (except, 
again, for River Garyllis, which was consistently contaminated). Enteroviruses were absent 
from 10 L samples.

The rivers gave, generally, higher bacterial counts than the dams they contributed to. This could 
be mainly attributed to the high dilution factor and/or the high retention time of the water in the 
dams.
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HEAVY METALS IN LAKE PAMVOTIS’ (NW. GREECE) ECOSYSTEM.
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Rock weathering, soil erosion and leaching continuously transfer metal-species into freshwa-
ters, in cooperation to agricultural, industrial, recreational and various other human – originated 
discharges. Metals, consequently, enter the water-based trophic chains affecting the physiology 
and biodiversity of the water fauna.
Lake Pamvotis, situated in North – West Greece is a shallow eutrophic lake exposed, for dec-
ades, both to natural processes and human activities.
The aim of the present work was to evaluate the degree of metal’s bioaccumulation in lake 
Pamvotis ecosystem. 
For this purpose, water, surface and near-bottom samples, as well as sediments were collected 
every month over a year, from 2 different lake sites, one near the city and the other near the 
island of the lake.
Tissue samples (muscle and liver) were also collected from different fi sh species (Cyprinus 
Carpio, Carassius auratius gibelio)
Solid samples (total suspended solids (TSS), sediments, tissues) were subjected to acid diges-
tion in microwave oven. Metals in water and solid samples were consequently measured by 
means of fl ame and fl ameless AAS.
Our results show that metals (Mn, Fe, Ni, Pb, Cu, and Cr) present signifi cant accumulation in 
the lake sediments indicating ecosystems’ chronic insult by metals. In water samples the par-
ticulate matter (TSS) consists the water fraction bearing the main metal burden, while the solu-
ble metal fraction ranges, more or less, within permitted limits for freshwaters. In both fractions 
near bottom samples are signifi cantly higher in metal levels, (p<0.0001) compared to surface 
ones, implying metal redistribution due to sediments’ pollution. 
In fi sh samples metals exceed permitted limits for consumers in certain species. C. auratius 
gibelio presents the highest Pb and Cu concentrations in liver and muscle samples. 
(Pb

liver
: 5,812 µg/g, Pb

muscle
: 3,858 µg/g).

In conclusion, bioaccumulation of metals occurs in Lake Pamvotis ecosystem indicating the 
need for integrated management of the lakes’ basin.                
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BUTYLTIN AND PHENYLTIN COMPOUNDS IN SEDIMENTS AND BIOTA 
OF THE LAGOON OF VENICE (ITALY)
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Since the 1950s, organotin compounds have been widely used as pesticides and in different 
industrial processes (e.g as stabilizers in PVC, wood preservatives and catalyzers). More 
recently, they have been used as the active biocide in the antifouling paints (Tributyltin) applied 
on the aquaculture cages, on the hulls of the boats and released by shipyard activities. 
Their relatively high toxicity, at the beginning mostly underestimated, was extensively investi-
gated since the ‘80s, when lots of oysters died in Archacon Bay, France (Alzieu et al., 1986), 
and male sexual characters became superimposed in female gastropods (Imposex), causing ste-
rility (Brian et al., 1986).
The environmental fate of these compounds, their bio-availability and toxicity towards organ-
isms depend on the chemical structure of each compound. For this reason, it is very important 
to determine the speciation, i.e. the concentration of each congener. 
The more important compounds are those with three butyl or phenyl groups (TBT and TPhT) 
and their breakdown products with two or one organic group (DBT, MBT, DPhT and MPhT). 
This work presents the result of a research aiming at developing an analytical procedure for 
organotin compounds speciation and determining their concentrations in sediment and biota 
samples from the Lagoon of Venice. 
The analytical procedure, adapted from  Morabito et al., 1995, enables the determination of 
the named organotin congeners even at very low concentrations (d.l. = 0.2 ng g-1, d.w.) and 
in presence of many interferences. The procedure was validated by optimizing the following 
steps: extraction, derivatization with pentylmagnesiumbromide, preconcentration, clean-up and 
determination by GC-MS. Procedure accuracy and precision were determined by using certifi ed 
materials and participating to inter-laboratory exercises. 
Sediments and organisms, belonging to different trophic levels, were sampled in 12 locations in 
the Lagoon of Venice, characterized by varying contamination impact. The results have pointed 
out that organotin compound contamination is at considerable levels both in sediments (ΣBTs 
(ng g-1, w.w.): from 1.44±0.05 to 1287±6; ΣPHTs: from 1.08±0.02 to 689±29), and in organ-
isms, with the highest concentrations found in fi lter feeders like mussels (ΣBTs (ng g-1, w.w.): 
from 12±1 to 1616±104; ΣPHTs: from 4±1 to 759±61). Organisms were detected to concentrate 
differently the single congeners.
References. 
Alzieu, C., Sanjuan, J., Michel, P.& Borel, M.(1986). Tin contamination in Archacon Bay effect on oyster shell 
anomalies. Mar. Poll. Bull. 17, 494-498
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ACCUMULATION AND DISTRIBUTION OF SLUDGE-BORNE TRACE ELEMENTS 
IN A SILT LOAM SOIL FOLLOWING TEN YEARS OF SLUDGE 
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Most of municipal and industrial sludges contain plenty of nutrients such as nitrogen, phos-
phorous and organic matter and they can therefore contribute to the mineral nutrition of plants 
and to the soil fertility. However the use of sludge in agriculture could result, on long term, in 
severe drawbacks, given the potential of the biosolids to contain trace elements (heavy metals) 
at hazardous concentrations. The mobility of trace elements is responsible for the accumulation 
and distribution in soil and it is determined both by the intrinsic properties of each metal species 
and by the soil chemical, physical and biological characteristics.
The study focuses on the accumulation and leaching of heavy metals in a silty-loam agricultural 
soil, disposed of dehydrated and composted sewage sludge for ten years. Total and bioavailable 
soil metal contents from the soil surface to a depth of 100-cm, were investigated. The experi-
ment has been set up as a complete randomised block design; every year the sludge was applied 
at rates of 5 and 10 t/ha and soil was ploughed at 30 cm of depth. At the tenth year soil samples 
were collected at 25, 50, 75 and 100 cm of depth, to analyse total and bioavailable contents of 
Cu, Ni, Pb and Zn.
The statistical analysis was performed on any metal species regarding total and bioavailable 
concentrations. Firstly, ANOVA was carried out by treatments and by depths and, where sig-
nifi cant differences occurred, multiple comparisons for both treatment and layer means were 
performed. Secondly ANOVA was carried out for any single treatment to detect differences 
at various depths. In the case of signifi cant F values layer means were subjected to multiple 
comparisons. At third, ANOVA was carried out to detect signifi cant differences among concen-
trations of all treatments occurring on the same layer. As above, in the case of signifi cant F 
values, treatment means were subjected to multiple comparisons. Finally, metal concentrations 
of every treatment from surface down to 100 cm were plotted against the corresponding values 
of Control and analysed as linear regressions. The aim was to assess whether sewage sludge 
could alter the way metals distribute “naturally” into the soil profi le, meaning the distribution 
pattern of Control “unaffected by sludge” rather than natural.
The concentration of all metals (total form) increased for sludge disposal whilst, regarding 
DTPA-extractable fractions, only zinc and nickel gave signifi cant differences in comparison 
to the control. The sludge besides to increase the concentrations of heavy metals, affected the 
distribution of total Zn, Ni, Pb and available Ni in the soil profi le, since they strongly diverged 
from the distribution of control plots (N3). DTPA-extracted Cu and Zn instead, followed the 
natural distribution pattern more than the other elements. They in fact are known to be easily 
complexed and it is presumable that the enrichments of such elements in soil, was sorted into 
the soil fractions at the same ratios of control soil.
As a general view results indicated that, at the experimental conditions, the increasing of heavy 
metal concentrations, due to sludge provision, does not necessarily enhance their bioavailabil-
ity.
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The problem of management and the natural resources protection of the Black Sea coastal zone 
of Russia, characterized by unique subtropical landscapes, where various anthropogenic trans-
formations undergo, has vital importance. Some nature reserves should be established in this 
region. The aim of this investigation is to study the structure, the evolution and modern ecologi-
cal state of Abrau Peninsula landscapes. It’s suggested as one of main conservation site due to 
the relatively low anthropogenic transformation and ancient history. One can fi nd here natural 
and differently modifi ed landscapes. Nowadays, the ecological situation is aggravated due to 
the construction of pine-line and oil terminal near Novorossiysk and increasing of uncontrolled 
recreation within the narrow coastal zone. 

On the basis of fi eldwork (mapping and profi ling with regular step of investigation of 20-25 ), 
remote (space and aerophoto) sensing the large-scale landscape scheme (1:50 000) of the south-
ern part of Abrau Peninsula and more detailed maps (1: 25000) on some areas within this 
region have been compiled. Some landscapes with different spatial organization belonging to 
two types were revealed. The coastal landscapes are characterized by complex landscape struc-
ture due to abundance of seismoslides and by Mediterranean vegetation with rare, relict and 
endemic species. Particular attention was paid to the study of functionality and ecological state 
of unique Mediterranean ecosystems – pine-tree forests, pistacio-juniperous and juniperous 
open-lands. 

Collected data are being analyzed by methods of multivariate analyses. On the basis of land-
scape map a special maps of chemical element migration conditions, humidity and pH of soils, 
vegetation transformation and complex landscape-ecological map have been done for the model 
areas. It was ascertained that the study landscapes undergo both direct impact of human activity 
and indirect, mainly by chemical pollution. Direct impact causes the reduction of the biologi-
cal diversity, including ecosystems with relict and endemic species and expansion of shrubs, 
the decrease of biomass, the increase of soil disturbances and formation of new landforms, 
the appearance of new dumps and so on. The appearance of pollutants, including toxic ones 
in vegetation, soils and water can be marked out as a result of the second type of pressure. 
The concentration variability of elements in natural landscapes is lower in comparison with 
anthropogenic ones, especially for Pb, Cu and some others. Our recent study confi rmed the high 
concentration of Cu in the soils of former vineyards, which had been found some years ago, as 
well as high concentration of Cd and Pb in water. 
Landscapes of the study region were divided into several groups – practically unchanged, with 
low, moderate and high transformation, according to the different types of changes under the 
anthropogenic pressure. 
The region can be regarded as natural and cultural heritage of Russia and Mediterranean region 
and as a standard background for ecological monitoring of Mediterranean landscapes.
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Introduction
Endocrine disruptors in the environment interfere with the hormone system of a wide range of 
organisms. Many of them have estrogenic character. Technical 4-nonylphenol (NP) is one of 
the chemicals with the potential to affect hormone pathways. It occurs in the environment as a 
biodegradation product of alkylphenol polyethoxylates and is found in surface waters as well as 
in sewage treatment effl uents and sediments in µg/L-concentrations. The estrogenic prop erty of 
NP was shown for vertebrates, especially for fi sh in earlier studies. The results for invertebrates 
are controversially discussed. Effects of NP on the zooplankton community were shown in only 
one fi eld study with littoral enclosures where NP was added directly to the medium. Our micro-
cosm study was conducted to assess the hazardous potential of NP on the natural biocenosis 
under realistic exposure conditions.

Methods and Materials
Microcosms constructed of cylindrical, bottom-closed stainless steel containers (∅ 80 cm, 
height 60 cm) were fi lled with sediment (10 cm) and water (230 L) including the natural plank-
ton community from an oligo-mesotrophic littoral area of a nearby lake (Lake Ammer see, 
Bavaria, Germany). The microcosms were surrounded by water in an artifi cial outdoor pond, 
to stabilize temperature. Technical NP was applied during seven weeks in seven differ ent con-
centrations ranging from 10 µg/L to 120 µg/L (max. concs.) using a controlled release system 
made from semi-permeable LDPE tubes. Nine microcosms served as controls. The physical and 
chemical parameters were measured and plankton samples were taken in weekly intervals from 
May to September. Multivariate statistical methods (CANOCO) were applied to detect effects 
of NP on the zooplankton as well as toxic effects on the phytoplankton.

Results and Discussion
The nonylphenol concentrations increased during the fi rst 2.5 weeks, remained constant until 
the reservoirs were removed, and dropped below the limit of determination in the fi rst two 
weeks of the six-week-post-application phase. The values for oxygen saturation, pH, conduc-
tivity as well as NO

3
-N, PO

4
-P and NH

4
-N of the microcosms exposed were on the whole within 

the range of the controls.The total abundance of the rotifers increased before the nonyl phenol 
dosing and even during and after the application their population dynamic did not show any 
dependence on the concentration of NP. In contrast to that, the variation within the or ganism 
densities of the cladocerans and copepods seemed to be more moderate in the pol luted micro-
cosms than in the controls. Likewise the total abundances of the cladocerans in the two and 
the copepods in the four highest NP-concentrations were lower during the exposition. Whether 
the observed effects result from the endocrine disrupting or the toxic properties of NP could be 
verifi ed by an experiment with a positive control, e.g. ethinylestradiol.



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Pathways and Effects of Chemicals C50

EFFECTS OF THE ENDOCRINE DISRUPTOR 4-NONYLPHENOL ON THE 
PHYTOPLANKTON OF FRESHWATER MODEL ECOSYSTEMS

B. A. Hense1, G. Severin2, G. Pfi ster2, G. Welzl1, and K.-W. Schramm2

1Institute of Biomathematics and Biometry, 2 Institute of Ecological Chemistry,
GSF - National Research Center for Environment and Health, 

Ingolstädter Landstr. 1, 85764 Neuherberg, Germany

Introduction
For a comprehensive protection of aquatic ecosystems from endocrine disruptors all parts have 
to be considered, including possible (indirect) effects on primary producers. For this an out-
door microcosms study was conducted with 4-nonylphenol (NP), one of the most discussed 
endocrine disruptors in the environment. A method of continuous exposition was developed and 
applied to meet the conditions in natural systems.

Methods and Material
Microcosms constructed of cylindrical, bottom-closed stainless steel containers (∅ 80 cm, 
height 60 cm) were fi lled with sediment (10 cm) and water (230 L) including the natural plank-
ton community from an oligo-mesotrophic littoral area of a nearby lake (Lake Ammersee, 
Bavaria, Germany). Four microcosms were continuously exposed to different concentrations 
of technical NP by controlled release through a semipermeable LPDE-tube for seven weeks. 
2 microcosms served as control. Phytoplankton samples were taken before, during and for six 
weeks after exposure. The samples were fi xed and prepared for microscopic investigation. To 
detect changes in the community composition, the Principal Response Curve (PRC) method 
was applied among other characterization methods.

Results and Discussion
The nonylphenol concentrations increased during the fi rst weeks of dosing. Maximum concen-
trations reached were 30, 60, 90, and 120 µg/l, respectively, for the four exposed microcosms. 
After the end of exposition concentrations declined to the detection threshold within 2 weeks. 
The identifi ed species of different algal classes revealed a considerable diversity in the micro-
cosms. The number of species did not decrease signifi cantly during the experiment in the con-
trol microcosms. At the beginning of the exposition the microcosms did not vary much, regard-
ing the composition of the species. This indicates the usefulness of the testdesign in order to 
obtain relevant results. There was no evident concentration dependent effect of nonylphenol on 
the species number. In accordance with this diversity and evenness show no shifts due to the 
exposition to nonylphenol. Whereas the cell density of the phytoplankton also did not indicate 
clear effects during the period of dosing, it seemed to be affected within the fi rst week after its 
end, when the total cell density increased in the control microcosms. In contrast, it decreased 
dose dependent in the exposed microcosms. The differences did not appear during the following 
weeks. The total biomass showed no changes which correlate unambiguously with the exposi-
tion to nonylphenol. The biomass was highly variable, both over time as well as between micro-
cosms, which made it diffi cult to detect effects. It tended to be dominated by one or a few large 
species, obscuring biomass changes of many of the small species. This might be a reason for the 
contrary fi ndings of cell density and total biomass. This explanation is supported by indications 
of concentration dependent biomass shifts on class level, a more detailed parameter.
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The Lake Ohrid, the oldest one in Europe and one of the oldest in the world, represents a refuge 
for numerous freshwater organisms from the tertiary period whose close relatives can be found 
only as fossils. It is inhabited with numerous endemic and relict forms or  organisms.
Lake Ohrid (max. length 30,4 km; max. width 14,8 km) is situated in the SW part of FYR of 
Macedonia in the Ohrid valley, on the border with Republic of Albania at 639,2 m above sea 
level. Around 2/3 of the lake surface area belongs to FYR of Macedonia and 1/3 belongs to 
Albania. It has a surface area 358,2 km2, maximum depth of 288,7 m, mean depth 163,7m, 
shoreline length 87,53 km (56,02 km Macedonian and 31,51 km Albanian). It has a drainage 
area of 1042,25 km2 and 40 tributaries most of which are temporary fl owing creeks and rivers 
especially during heavy rains and melting of snow from the surrounding high mountains.
A Lake Ohrid Conservation Project supported by the World Bank, has been established with 
joint efforts from both countries sharing the lake FYR Macedonia and Albania. It consists of 
four components:
1 Institutional strengthening, 2 Monitoring programme, 3 Watershed management and 4 Public 
awareness.
This project is aimed at improvement in restoration and future conservation of the lake.
On November 1999 started the implementation of Lake Ohrid Monitoring Programme. The 
sampling was realised at three stations in Lake Ohrid and one station in Lake Prespa. At the 
same time is done the sampling at the tributaries. The water samples are taken at 0, 10, 20, 30, 
40, 50, 75, 100, 125, 150 m.
From the experiences with implementation of Lake Ohrid Monitoring Programme, we learned 
that it is not an easy task we have set ourselves. Ample experience in tuning the objectives of 
our monitoring programme towards water management needs is not yet present.
We did not want to be over ambitious and we focused on the upper part on the monitoring cycle: 
water management, monitoring strategy and further assessment, information utilisation and 
water management, to complete the cycle. The cycle represents the repeating evaluation and 
adaptation of the monitoring network. Lake Ohrid Monitoring Programme is the most effec-
tive when it is tailor-made. As the body of the information need grows, or looses weight, the 
monitoring programme should regularly be tailored to keep a perfect fi t.
Another conclusion is that monitoring and assessment becomes increasingly complex. It is 
not enough anymore that the specialists in different disciplines, chemists, biologists and physi-
cists, collect enormous amount of data and report these separately. Increasingly, water is being 
viewed in an integrated manner. A systemic analysis and assessment of water quality, habitats, 
biological communities, sources and fate of pollutants, as well as mass balances, should be con-
ducted in order to provide reliable and useful information. Only with this integrated information 
a good understanding of the situation of the Lake Ohrid ecosystem at hand will be possible.
As the borders of the ecosystem are independent of national administrative borders, interna-
tional co-operation becomes increasingly important.
Finally it was concluded that there is a growing public consciousness of environmental issues. 
This leads to the demand for more and better information and it is up to us to provide this in a 
comprehensible way.
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Geophysical methods are widely used in many different fi elds such as groundwater resources 
evaluation, hydrogeology, natural hazards assessment and mining engineering. All these tech-
niques are based on the measurement of some electrical and magnetic properties of soil and 
subsoil. As an example, ground penetrating radar is a high resolution technique of imaging shal-
low soil and ground structures obtained measuring variations in dielectric constant ε. High-res-
olution tomographies, instead, are based on measures of electrical resistivity ρ: this parameter 
gives many information about subsoil geological structure and about the presence of ground-
water. Magnetic surveying is based on observations of variations in magnetic permeability µ 
and in magnetic susceptibility χ; this technique is very useful to map cavities, structural trends 
and basement feature. 
Nowadays these methods, mainly used for analysing geological structures of the subsurface 
soil, are been used also for monitoring soil contaminants. In particular they seem to be very suc-
cessful for evaluating hydrocarbons presence and their profi le in subsoil after acute episodes of 
contamination. These applications point out that the geophysical techniques have many advan-
tages in comparison with chemical techniques, commonly used for evaluating soil contaminants 
level. In fact they give information in real time, give 3-D imaging of subsurface soil, are not 
invasive and are cheaper than other techniques. So it is very interesting to investigate the pos-
sibility for applying these techniques in monitoring surveys aimed to evaluate soil contamina-
tion. 
Here we present a preliminary study to compare chemical and geophysical techniques for moni-
toring heavy metals content in soil. In particular we focus our attention in an area of Basilicata 
Region, the Agri valley (Southern Italy) in which agricultural activities are prevalent. During 
the last years in this area there was a rapid increase of oil extraction activities. At present crude 
oil production is 7000 barrels per day but it was estimated the future production would increase 
to about 80.000 barrels per day. Furthermore many infrastructures are going to be built up (oil 
treatment plant, oil pipeline, etc.). 
At the fi rst we are performing laboratory tests with metals-contaminated soils for evaluating the 
variations of magnetic susceptibility. Contemporaneously we are investigating, with different 
geophysical techniques, some test sites in which phenomena of soil contamination are limited 
in a well defi ned area in order to point out different behaviours between polluted and unpolluted 
soils. In Agri valley, we have georeferenced a transect in which we will collect soil samples 
for heavy metals chemical analysis and in which we will perform some fi eld campaigns for 
determining high-resolution tomographies and magnetic properties patterns.
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The process of environmental impact assessment involves the major elements of identifi ca-
tion, measurement, interpretation and communication of impact. Ecotoxicological assessment 
of hazardous chemicals is an essential element in determining overall risk and protecting 
public health, welfare and the environment. Therefore in recent years ecotoxicological methods 
became an essential part of any EIA.

Since aquatic ecosystems are among the most productive and diverse habitats, it is not surpris-
ing that they are easily upset by a variety of perturbations caused by human beings. The impact 
of chemicals on aquatic ecosystems can be evaluated by several ways: laboratory bioassays, 
bioindication or biomonitoring programmes.

Traditionally, environmental risk has been assessed by chemical residue determination in sam-
ples from the affected site. This approach has several limitations. The most important factor is 
the availability of the chemicals from the environmental compartments to the biological recep-
tors, defi ned as bioavailability. A bioindication approach resolves many of the diffi culties by 
providing a direct measure of toxicant effects in the affected species.

In our practice we have been using a number of bioindicators in specifi c environments like 
lake Balaton and river Tisza, as well as in some other wetlands. The main pollutants assessed 
were heavy metals, various pesticides and toxic components of effl uent discharges. Some of 
the standard test protocols (like Daphnia immobilisation test) were compared to new methods 
under standardisation. According to the results with Lemna minor, Daphnia heart rate and 
Microtox tests a multispecies approach is suggested. On the other side the test methods will 
give us the possibility for a habitat-specifi c indication of the pollution. In this respect the vari-
ous indices of biodiversity may also be useful for environmental assessment.     
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Phytoextraction of heavy metals by no food crops could be a practicable mean to control the 
heavy metal levels in agricultural soils administrated with refuse biomasses (e.g. urban or 
industrial sewage sludge), provided that the process is competitive with respect to other appli-
cable technologies.

The aim of this research was to investigate the capability of Brassica napus to extract, at differ-
ent growth stages, Cd and Zn from an artifi cially contaminated soil in order to optimise its use.
 
The experiment was carried out in controlled conditions (pots). The soil was administered with 
MSW “low metals” compost enriched with cadmium (50 and 100 mg/kg of soil) and zinc (300 
and 600 mg/kg of soil). The experimental design included: control soil (T); control soil + not 
enriched compost (T+C); control soil + cadmium enriched compost (Cd 50; Cd 100); control 
soil + zinc enriched compost (Zn 300; Zn 600); control soil + cadmium and zinc enriched com-
post (Cd 100+Zn 600). Plants were collected at three growth stages: emergence, fl owering and 
harvesting. Roots, stems and leaves (roots, straw and seeds after the harvesting) were sampled 
for biomass measurements. Plant heavy metal concentrations were determined after acid diges-
tion by Inductively Coupled Plasma (ICP). Metal removals were calculated for each growth 
stage multiplying metal concentrations by biomass. 

Roots morphological parameters (total length and mean diameter) were also obtained  by Com-
puterized Image Analysis. 

The results showed that the B. napus accumulated cadmium and zinc during the whole life 
cycle, in all thesis. Maximum accumulation activity was at the emergence. This did not strongly 
affect biomass production but did modify morphological parameters of roots such as length, 
mean diameter and their ratio.

At the emergence and fl owering, cadmium and zinc removals by harvestable parts (stems+leaves 
or straw+seeds) were higher than removals by roots. Heavy metal contents in shoots seemed 
to be infl uenced by the levels of soil pollution and sampling time. Soil heavy metal concentra-
tions and cadmium and zinc removals by shoots were positively correlated. Higher heavy metal 
removals were found at fl owering for both, cadmium and zinc. 
In presence of Zn, removal of Cd was reduced. 
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IDENTIFICATION OF TWO HSP90 GENES IN CARP
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Two hsp90 cDNA isoforms (hsp90α and hsp90β) were isolated from the common carp (Cypri-
nus carpio). Gene-specifi c probes and primers were selected and used in Northern blot hybrid-
ization and RT-PCR reactions to measure the basal hsp90 mRNA levels and to follow the 
inducer-specifi c expression of the hsp90 genes in different tissues during in vivo studies. The 
hsp90β gene is largely constitutively expressed at a fairly high level in all the examined tissues 
(brain, liver and kidney) and is slightly inducible by an elevated temperature. Hsp90α mRNA 
is present in the brain, but is hardly detectable in the kidney and liver of unstressed animals. 
In the brain, this gene is greatly upregulated following thermal stress, whereas in the liver and 
kidney heat shock has only minor effects on its expression. Hsp90α, but not hsp90β, responds 
to an elevated level of Cd in a dose-, time- and tissue-dependent manner.
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The International Maritime Organization (IMO), Marine Environment Protection Committee 
(MEPC), have recently announced a proposed ban on the use of TBT as an antifouling agent 
due to its severe impact on the aquatic ecosystem. This ban is likely to be introduced in 2003 
and will lead to an increase in vessels using alternative ”TBT free” coatings containing copper 
combined with organic booster biocides. 

Currently, nine booster biocides are approved for use in amateur and professional antifouling 
products: chlorothalonil, dichlofl uanid, diuron, irgarol 1051, sea-nine 211, TCMS pyridine, 
TCMTB, zinc pyrithione and zineb. These coatings are already used and applied to the hulls 
of ships and boats to prevent the growth of bacteria, macroalgae, mussels and other inverte-
brates. As a result important coastal concentrations of these biocides have been found in areas 
of high yachting activity, particularly in marinas and sportive harbors in the Mediterranean 
region. Among the different transformation processes (biotic and abiotic), photodegradation is 
an important factor infl uencing the fate of organic micropollutants in the environment. 

The aquatic photochemical behavior of the biocides chlorothalonil, dichlofl uanid, irgarol 1051 
and sea-nine 211 has been studied under natural sunlight conditions in different types of natural 
waters (sea, river and lake water) as well as in distilled water. The photolysis experiments were 
performed in May through July 2000. It was found that the photodegradation rates proceeds 
via fi rst-order reaction. The half-lives of the selected biocides ranged from 1 to 59 calendar 
days showing a dependence on the constitution of the irradiated media. Kinetic experiments 
are monitored with gas chromatography techniques GC-ECD and GC-FTD, while the major 
photodecomposition products were identifi ed with GC-MS techniques. 
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The objective of this work is the accurate measurement of radon concentration in Cyprus water 
samples. The attempt was to collect the most of the samples from springs in the vicinity of 
known faults.

For the analyses, a liquid scintillation counting system, using the Packard protocol for measur-
ing radon in water, was employed.
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Thioles are sulfuric analogous of alcohols and include phytochelatins (PT) with cystein and 
glutathione (GSH) being the most common peptides in plants. In the presence of metals (Hg, 
Pb, Cu) thioles form chelating complexes. Phytochelatins are polypeptides different from met-
allothioneis (MT) of mammals and their presence is linked to the presence of metals. Photo-
autotrophs are the main entrance for heavy metals in the trophic chain with humans and animals 
as the fi nal receivers.

Reduced glutathione, GSH (γ-glu-cys-gly) exists interchangeably with the oxidised form, 
GSSG. In plants, its physiological importance is expressed as sulphur metabolism and defence. 
It is the precursor of the phytochelatins, which are essential in sequestering heavy metals. 
Heavy metal toxicity poses major environmental and health problem. Cadmium is a non-essen-
tial heavy metal, toxic to cells at very low concentrations. Cadmium ions displace Ca++ or Zn++ 
in proteins and may cause oxidative stress. Furthermore the concentration of essential, but at 
high concentrations toxic, metals such as Cu++, Zn++, Fe++ is strongly controlled. We present 
data on phytochelatin concentrations in natural samples of dominant species from Thessaloniki 
Bay that exhibits an increasing pollution level. An HPLC innovative method was applied for 
measuring micromoles of the peptides.
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Lake sediments, acting as a sort of “memory” of all the phenomena that affect the lake and its 
drainage basin, have been often used to trace the role of human infl uence in determining the 
fi nal chemical composition, as opposed to the “natural” contribution deriving from rock ero-
sion.

This approach has been used to study the evolution of Lake Maggiore, the second largest Ital-
ian lake (212 km2), which has a fairly large watershed (6.599 km2) and a heterogeneous min-
eralogical composition. Moreover, this area is well developed as regards industry, commerce 
and tourism. A number of papers have documented the presence of point sources for nutrients, 
pesticides, surfactants and toxicants such as As, Cd, Cr, Hg, Se, and Zn.

This research offers an unusually long record since the fi rst campaign started in 1962-63, when 
174 grab samples were collected from the Southern basin of Lake Maggiore; afterwards, in 
1975 40 samples were collected from the same basin. In 1986, 214 samples were taken from 
the whole lake; and fi nally, in 1999, 121 samples were again collected from the whole lake.

All samples have been analysed by X-ray fl uorescence (Si, Al, Ca, K, Fe, Mg, Ti, S, P, Pb, Zn, 
Cu, Ni, Mn, and Cr) and by atomic absorption spectrometry (Cd, Hg). Detailed distribution 
maps for macro- and microelements have been drawn on the base of these analyses.

Moreover, in the last campaign, the sediment samples have been analysed by inductively cou-
pled plasma - mass spectrometry to provide further information on Sc, Co, As, and V, which can 
be used to trace both natural and anthropogenic inputs.

Since the maps of distribution of the different elements mark the changes in chemical composi-
tion over four decades, they can easily point out the anthropogenic infl uences on the geochemi-
cal cycling of elements in this environment.
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The study of lake sediments allows us to reconstruct the history of populations who lived, in 
the past and at present, in a drainage basin. Transport of sediments by wind, rainfall and rivers 
bring to the lake water the “prints” of both anthropogenic and natural origin.
In order to correctly manage the quality of hydrological resources, it is of great importance to 
understand what happened in the past in areas, such as the Mediterranean region where the lack 
of fresh water is a real problem.

Three sediment core samples from the large Alimini Lake (near Lecce, with an area of about 3.2 
km2) were collected and studied. These cores allowed us to reconstruct the history of the lake 
over the last hundred years (the period of time has been evaluated by analysis of Cs137).
Sediment core samples were separated every 1 cm and analysed by AAS. In this way it was 
possible to observe the temporal distribution of the concentration of Cu, Cr, Hg, Mn, Ni, Pb and 
Zn. Moreover, concentration of C, N and H has been evaluated by combustion analysis.

For all the elements, with the exception of Mn and C a decreasing of the concentration has been 
noticed at a depth of 24-25 cm. This layer has probably been formed during the 1950s. Mn and 
C instead have a different distribution: lower concentration values are found in the central part, 
while upper and lower layers of the probe have higher concentration. 

Increasing concentrations for all elements apart of Mn and C is mainly due to the introduction 
in those years of more intensive and mechanised agricultural practices, together with a massive 
use of chemical products containing trace metal elements. However, concentrations of all the 
elements investigated do not appear to be a problem in the Alimini Lake and they are below the 
limits imposed for good quality lake sediment.
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Cadmium is one of the most hazardous of elements to human health.  In general, most soils 
can be expected to contain < 1 mg.kg -1, except  those contaminated from discrete sources or 
developed on parent materials with anomalously high Cd contents. It is important to be able 
to identify the various forms of Cd in soil, especially in the soil solution, in order to more 
fully understand the properties of this metal in natural systems. The toxic effect of a metal is 
determined more by its form than by its total concentration. 
For this reason, the determination of this element in very low concentration is very important. 
Direct determination of Cd in soils and soils extracts by atomic absorption spectrometry is dif-
fi cult because the high salt concentration, arising from the original extract and major elements 
extracted from soil, leads to spectral and chemical interferences that are diffi cult to remove.
A very sensitive method, hydride generation AAS, was evaluated for the determination of 
cadmium in soil extracts. A continuous-fl ow system with 3% (m/v) solution of sodium 
tetrahydroborate(III) as the reductant in 1.5 % (m/v) solution of NaOH was used for genera-
tion of volatile species of Cd from the sample solutions containing 0.3 mol.l-1 HCl. A heated 
quartz absorption cell (800°C) was used for the atomisation of CdH

2
. The effect of  concentra-

tion of NaOH, NaBH
4
 and HCl on the absorbance of Cd were examined. The ratio of BH

4
-/H+ 

in the reacting mixture was found as the parameter which predominantly affects the effi ciency 
of cadmium hydride generation. The potential interference from cations and anions common in 
soil solutions and other hydride-forming elements, respectively, were tested and their elimina-
tion by adding KCN to the NaBH

4
 solution is discussed. Cobalt ions and thiourea were investi-

gated as the possible catalysts for Cd species generation. The method was utilised for the deter-
mination of Cd in soil extracts obtained by treating of soil by different extractive reagents. 
The comparison of described method with the conventional electrothermal AAS was per-
formed. The detection limit (3*standard deviation of 10 determinations of blank) was 0.02 
ng.ml-1 for HGAAS and 0.1 ng.ml-1 for the ETAAS, respectively. The precision (relative stand-
ard deviation for ten replicate analyses of 1 ng.ml-1 solution of Cd) was ± 4% for HGAAS. 
The method was verifi ed using certifi ed reference materials of water SMI 12-3-10 “Trace 
Elements in Water” (Slovakia) containing 5 ± 0.5 ng.ml-1 Cd , NIST SRM 1643c “Trace 
Elements in Water” (USA) containing 12.2 ± 1.0 ng.ml-1 Cd, and CRM  283 „ Sewage sludge 
amended soil“ (Belgium) containing 24.3 ± 1.3 mg.kg-1Cd  in EDTA extract and 18.3 ± 0.6 
mg.kg-1 Cd in acetic acid extract,respectively. The results obtained were in good agreement with 
the certifi ed values. 
The proposed procedure was used for Cd determination in different type of soils from con-
tamined and uncontamined regions of Slovakia.
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Phosphates present in municipal sewage in the main stream as well as in the side stream (sludge 
processing stream) are often removed by precipitation with ferrous sulphates. This results in 
sulphates increase in treated sewage on one hand, and production of sludge of limited agricul-
tural use. Investigations on biological reduction of sulphates under anaerobic conditions have 
been carried out on a relatively large laboratory scale model. An anaerobic fi xed bed fi lter of 
a volume of 12 litres was used. With a hydraulic load of 0.013 m3/m2..h the hydraulic reten-
tion time (HRT) was 5 days. The fi lter was thermostated at a constant temperature of 30 °C. 
Phosphates present in treated waste water haven been precipitated out with ferrous sulphate 
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anaerobic conditions ferrous sulphides are produced but no free hydrogen sulphide was not 
detected. In parallel to sulphates reduction an increase in phosphates in the solution was meas-
ured. Increase in sulphates reduction could be correlated to the increase in the COD : S rate. The 
activity of sulphate reduction bacteria was assessed on the base of microbiological investiga-
tions and the effects of sulphates. The carried out investigations have shown the feasibility of 
biological phosphates recovery. It has to stressed that there was an increase of pH from about 
7,0 to 7,3, and thus there was no simple chemical resolubilization of phosphates. 
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POLYCICLIC AROMATIC HYDROCARBONS IN MARINE SEDIMENTS OF 
MOROCCAN ATLANTIC COASTAL

I.T Lançar,M. Bakasse,N. Bouchry and B. Tabyaoui*
 C.Gonzalez and O.Thomas**

*Laboratoire d’analyse de micropolluants organiques, Département de chimie EL Jadida, 
Maroc

**Laboratoire de génie de l’Environnement Industriel, Ecole des Mines d’Alès, France.

A total of 10 surfi cial sediment samples obtained from moroccan atlantic coastal -Casablanca-
Safi - area, were analysed of a suite of 15 polyciclic aromatic hydrocarbons (PAHs).

PAH levels in polluted sediments are similar to those of polluted areas of Japan, North America 
and Europe.

However, PAH sources cannot be identifi ed from the information available.

The analysis are conducted by U.V. fl uorescence (synchronous excitation) method and con-
fi rmed by capillary gas chromatography/mass spectrometry.
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BIOMONITORING OF COASTAL WATERS BY USING MICROALGAL TESTS

L. Torricelli*, S. Manzo *, A. Accornero**, L. Manfra*

*ENEA - Centro Ricerche Portici Dip.to: Ambiente Via Vecchio Macello - 80055 Portici 
(Napoli) – ITALY.

**Istituto di Meteorologia ed Oceanografi a, Istituto Universitario Navale, Via De Gasperi 
80100 Napoli, ITALY.

Growth tests upon marine microalgae can provide important information about factors limiting 
algal growth, bioavailability of nutrients, and also be used as indicators of the water trophic 
state and toxicity levels.

This study was aimed at assessing the quality of the Regione Campania (Italy) coastal waters 
through algal bioassays with the marine chlorophyta Dunaliella tertiolecta. Superfi cial waters 
were sampled monthly, from October to December 2000, in 22 stations along the Campania 
shoreline, with the objective to evaluate the environmental trophic state and likely chronic tox-
icity.

Campania is the Italian region characterized by the highest demographic pressure and the 
adjacent marine area receives large amounts of contaminants from a variety of sources (indus-
trial, domestic and agricultural effl uents), which reach the marine environment mainly through 
rivers.

Experimental results show high toxicity effects in the Northern part of the study area, particu-
larly near the Garigliano River, and also highlight high trophic levels in the zone between the 
outlets of the Garigliano and Sarno rivers. 

Microalgal growth limiting factors are represented by phosphorus in proximity to river mouths, 
and both phosphorus and nitrogen in all other stations.

In our study microalgal test cultures have proven to be a sensitive chronic toxicity assay and 
a useful tool to evaluate the “health” of marine coastal waters, by allowing their classifi cation 
into quality categories. 
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TOXICITY OF A COMPLEX MIXTURE ON SEA URCHINS 
P. LIVIDUS AND S GRANULARIS EMBRYOS.

S. Manzo*, L. Torricelli*, G. Maria* and G. Sansone**

*ENEA C. R. Portici Via vecchio Macello -80055 Portici (NA) – I

**Università degli Studi di Napoli Federico II- Via Mezzocannone 80134- Napoli -I

Use of sea urchins embryos and gametes in testing developmental, reproductive and cytogenetic 
of chemicals and complex mixtures has been successfully developed by a number of laborato-
ries worldwide.

Chemicals in the environment rarely occur alone; however 95% of all toxicological studies 
evaluate the effects of single chemicals. Where chemical mixture interaction studies have been 
conducted , most have focused primarily on chemicals that are similar in either structure and /or 
mechanism, concluding that these environmental toxicants act mainly through additive interac-
tion. 

Aim of these work is the study of toxicity effects of dissimilar chemicals mixture on the 
embryos of the Mediterranean sea urchins P. lividus and S granularis. First we investigated the 
toxicology of the individual chemicals evaluating  NOEC and LOEC values: Then we mix the 
different substances at these levels in attempt to test the eventual effects due to their interaction. 
We use three heavy metals: Pb, Cr and Cd, three pesticides Clorpyrifos, Penthaclorophenol, 
Azinphos-methyl and three PAH : Fenantrene, Antracene, Pirene.

The mixture of metals at NOEC value produce no effects on sea urchin embryos; we  obtain the 
same no effects results also for pesticides and PAH  mixture respectively. these environmental 
toxicants, therefore, don’t seem to act through  an additive interaction. Moreover the complex 
mixture of all toxicants at NOEC levels , doesn’t show any embryotoxicity effect.

Complex mixture of the three classes of chemicals at LOEC and NOEC levels produce very 
interesting data. 



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Pathways and Effects of Chemicals C66

SOIL SILVER CONTENT OF AGRICULTURAL AREAS SUBJECTED TO CLOUD 
SEEDING WITH AGI

S. E. Tsiouris1, F.A. Aravanopoulos2, I. N. Papadoyannis3, M. K. Sofoniou3, 
N. Polyzopoulos4, M. Christodoulou5, V. F. Samanidou3, G. A. Zachariadis3, and H.-I. A. 

Constantinidou6

1 Laboratory of Ecology and Environmental Protection, School of Agriculture
2 Laboratory of Forest Genetics and Tree Breeding, School of Forestry and Natural 

Environment
3 Laboratory of Analytical Chemistry, School of Chemistry

4 Laboratory of Soil Science, School of Agriculture
6 Laboratory of Agricultural Chemistry, School of Agriculture

Aristotle University of Thessaloniki, GR-54006 Thessaloniki, Greece
5 ELGA, Meteorological Application Center Macedonia Airport, Thessaloniki

Cloud seeding with AgI has been carried out by the Greek Organization of Agricultural Insur-
ance (ELGA) over two agricultural areas of Northern Greece (Hemathia-Pella and Serres) for 
a 12-year timespan in order to suppress the hailstone formation, thus protecting crops from 
damage.

To examine the possibility of soil pollution due to Ag used, 2.500 representative soil samples 
were systematically taken from 200.000 (Hemathia-Pella) and 100.000 (Serres) ha. Since the 
total quantity of AgI used in cloud seeding of the two areas was small (469 and 361 Kg, respec-
tively) a spectrophotometric Ag-detection method sensitive to ppb quantities had to be devel-
oped.

Soil samples were originated from undisturbed surface soil. In order for Ag elution to be exam-
ined, soil samples were taken from three different soil depths as well. 

Silver concentration detected in either surveyed area, ranged from 15 to 510 ppb. Average con-
centrations in soils of Hemathia-Pella (45 ppb) and Serres (37 ppb) were not statistically differ-
ent from those of control areas (Tyrnavos, Ormylia and Halkidiki) not subjected to AgI cloud 
seeding. In addition, all measured Ag concentrations were comparable to those reported in the 
literature for unpolluted soils. As for Ag elution in the fi eld, an average concentration of 87, 51, 
44ppb was measured in soil depths 0-10, 10-20, 20-30 cm, respectively.

To further obtain information on Ag mobilization through different soil substrates and/or into 
plants, a 2-year pot experiment was followed. Silver iodide and/or AgNO

3
 were applied on the 

soil surface and grass species seeded there where periodically irrigated, mimicking a natural 
rainfall pattern. Silver was quantitated in water leachates and in grass species subsequent to 
application of various AgI quantities. While Ag was not detected in water leachates and exhib-
ited a very slow motion through the soil columns, comparable to that recorded in the fi eld, it 
was absorbed by grass species though in minute (0,35 ppb) quantities.
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ASSESSMENT OF ENVIRONMENTAL CONDITIONS AND THEIR TIME 
VARIABILITY IN PAPPAS LAGOON NW PELOPONNESE, GREECE.

S.P. Varnavas* and P. Achilleopoulos**

* Department of Geology, University of Patras, Patras 26500, Greece

** Ministry of Education, High School Directorate, Kiprou 20, Mesolongi, Greece

Pappas Lagoon situated at the northwestern coast of Peloponnese, Greece, has been the subject 
of considerable discussions mainly among local authorities and the local people during the last 
years due to the specifi c environmental problems encountered there. The main and severe prob-
lem is the intermittent release of large amounts of H2S from the lagoon seafl oor.

As a result of this phenomenon toxic conditions were formed leading to fi sh death.

This phenomenon was investigated on the basis of in situ measurements in the water mass and 
the seafl oor as well as laboratory experiments carried out on the collected sediments and par-
ticulate matter.

Salinity, temperature, dissolved oxygen, pH measurements and the determinations of Cl, SO4, 
Ca, in the water column were carried out. In addition their time variability was determined. The 
geographic variability of carbonates, silicates, organic carbon and metals such as Fe, Mn, Pb, 
Zn, Cu in the sediments and in particulate matter was determined.

All data are interpreted in combination with the geological geomorphological regime.
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LONG-TERM TRENDS OF SECCHI DEPTH AS A INDICATOR OF 
EUTROPHICATION IN COASTAL AREAS OF THE MIDDLE ADRIATIC SEA

Ilija VUKADIN and Lambe STOJANOSKI
Institute for Ooceanography and Fisheries(IOF), 2100 SPLIT, Croatia

E-mail: Vukadin@izor.hr

Since 1976 the IOF Split, has been collecting oceanographic, nutrient and biological data from 
several stations near bigger towns along eastern Adriatic coast and open sea stations as well. 
The long-term studies of chemical and biological parameters point to the fact that, during past 
decade, there is a continuous increase in the eutrophication level in all studied areas. Eutrophi-
cation has become an acute environmental problem especially in semi-enclosed areas and gulfs 
with limited exchange of water with surrounded sea. Changes in biological production are esti-
mated by indirect measurement. For example, Secchi depth measurement, procedures that indi-
cate the amount of particulate material in surface water. The primary advantage of this method 
is simplicity. A white disk, 0.30 m in diameter, is lowered into water and depth at which the disk 
disappears from view is recorded.
Our study focused on Secchi depth measurement in coastal areas of the middle Adriatic. In the 
Table 1. we give a range ( R ), long-term averages (ξ) with standard deviation (sd) and number 
of analysed data (n) with trends in Secchi depth on period 1978-98. 

Stations Zadar, Z-1 Šibenik,  Š-1 Split,  S-1 Ploce,  P-1 Dubrovnik, D-1
R ( m ) 8 - 12 1 – 8 3 – 21 4 - 18 8 – 26
ξ ± sd 13.9±3.0 4.0±1.5 11.8±4.1 9.8±3.8 16.2±4.2
n 48 56 59 55 54
Trend, m yr-1 -0.06 -0.08 -0.02 -0.06 -0.07

Many factors cause observed changes. The time of day, local wind speed and cloudiness can 
cause systematic shifts in the reading of Secchi depth. Amount of attenuating (suspended) mate-
rial in the seawater is the main factor that directly affects the measurement. Light attenuation in 
water is attributable to four factors: water molecules; dissolved yellow pigments; photosynthe-
sising biota and inanimate particulate matter.
Our study has shown a signifi cant decrease in Secchi depth in the all-coastal areas, for 10 to 
15 m that comparing with values found for station at the open Adriatic Sea. The decrease could 
have been attributed to higher concentration of suspended and particulate matter originating 
from the surrounding land areas. The lowest values were recorded at the stations Š-1 and P-1, 
presumably due to effects of fresh water input by rivers Krka and Neretva.
We also analysed the variation changes between seasons. The lowest values were recorded in 
the springtime, at almost all stations, (excepting at the station Š-1), what could be attributed to 
higher biological productivity. 
Relationships between Seechi depth and chlorophyll concentration have been reported as a 
power function with relation: Z  =  10.86 * chl a ^–0.48  ( R2 = 0.98). The analysis show that at 
least part of change in Secchi depth is due to an increase in chlorophyll concentration.
As a conclusion, we want to emphasise that trend of changes Secchi depth have had a negative 
sign, at the all investigated areas, that means Secchi depth decreased from 0.02 to 0.08 m yr-1 
during that period (see table 1).
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THE ROLE OF RESIDUE ANALYSIS IN EXPORT-IMPORT RELATIONS

Harun Parlar

Technical University of Munich, Department for Chemical Technical Analysis and Chemical 
Food Technology

Export and import of food from the Mediterranean countries to the EC is a politically sensi-
tive area with regard to possible residues and hygienics. Especially the fi rst of these points 
mainly infl uences the marketability of food products, but microbiological contamination also 
is often the cause for objections. The problems of the Mediterranean can be described as inter-
face between permissible levels for the application of pesticides, waiting times, tolerances, resi-
due data, and restrictions. Many charges of food, especially fi sh, meat, and spices, are rejected 
resulting in high fi nancial losses. In this paper, an overview of the problems with food contami-
nation and main causes are presented. It will be shown by means of several examples how con-
taminations may be minimized or even eliminated at the interface between quality control and 
export-import business.
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CONDITIONS FOR ESTABLISHING AND RUNNING A SUCCESSFUL 
ENVIRONMENTAL SPECIMEN BANK

(based on experience with the German Environmental Specimen Bank)

K. Oxynos*, J. Schmitzer*, K.W. Schramm*, A. Kettrup*/**

*GSF – National Research Center for Environment and Health, Institute of Ecological Chem-
istry, P.O.Box 1129, 85758 Neuherberg, Germany

**Technical University of Munich, Dept. of Ecological Chemistry and Environmental Analy-
sis, 85350 Freising – Weihenstephan, Germany

An environmental specimen bank consists of three main components:
i Sampling and preparing the specimen,
ii medium and long term storage of samples without any contamination or any kind of 
 change of chemical composition,
iii the analytical characterization of the samples.

An environmental specimen bank has short term, medium and long term uses. With recent ana-
lytical characterization, the resulting data can be considered as monitoring data.
Much more important, however, is long term observation, which gives some information on 
tendencies. In this case, the most important aspect is observing minute changes. This means that 
the complete process from taking samples over storage to analysis has to conform to the highest 
standards of precision and accuracy by using standard operating procedures (SOP).

Standard operating procedures have to ensure that every sample undergoes the same treatment, 
through all procedures. Especially the not rectifi able processes like sampling and preparing the 
sample material are to be executed with highest precision.

The selection of matrices (bioindicators), and sampling sites as well as the scope of  analytic 
characterisation is of crucial importance and must initially be made very carefully; later, after 
checking their relevance according to the experience made, they must possibly be altered. Here, 
the experience of the German environmental specimen bank can help avoid faulty develop-
ments and reduce the fi nancial needs.

Examples show how the Environmental Specimen Banking system is applied (used), based on 
real samples taken in several sites of Germany. The data are examined for patterns in time and 
sampling sites.

In order to obtain reliable results, the use of reference materials is an absolute must. Internal 
reference materials must be established to ensure comparable (adequate) analytical results.

Analytical characterization has, for practical reasons, to be limited to a certain number of pol-
lutants. This should not lead to a narrow view of the information potential contained in the 
samples.
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AN ENVIRONMENTAL RISK ASSESSMENT TOOL - A DATABASE FOR 
DANGEROUS SUBSTANCES AND PREPARATIONS

D. Fatta*, Ch. Savvides*, A. Papadopoulos* and M. Loizidou*

T. Kyprianidou-Leodidou**, A. Economides** and Th. Kyriakou**

*Chemical Engineering Department, National Technical University of Athens
Heroon Politechniou 9, Zographou Campus, 157 73 Athens

**Department of Labour Inspection, Ministry of Labour and Social Insurance, 
Republic of Cyprus

The environmental policy of the European Union as formulated in the Fifth Environmental 
Action Program aims at the sustainable development of the environment as a whole. One of the 
main priorities of this policy is the chemical risk control and management. 

Within this context, the National Technical University of Athens - Greece in cooperation with 
the Ministry of Labor and Social Insurance of Cyprus carried out a project under the title `Inte-
grated Control of Industrial Pollution and Chemical Substances in Cyprus`. 

As part of the obligations arising from task 1.1 of the aforementioned project the two partners 
collected the necessary information and data concerning the existing situation related to the 
management of the chemical substances and preparations in Cyprus. In addition, they designed, 
developed and implemented a detailed inventory for these substances in Cyprus. 

The methodology and the various tools developed order to establish an integrated chemical 
control system in Cyprus included the following:
• Determination of the chemical substances and preparations of interest according to EU`s 

Directives , Regulations and EINECS
• Registration of all activities related to these chemicals
• Development of a questionnaire that was sent to the private and public sector the aim being 

the collection of data concerning the production, consumption and storage of chemical 
substances and preparations

• Design, development and implementation of database for the management of all the data 
collected for the inventory

The database includes information collected from various enterprises all around the island by 
distribution of a specially designed questionnaire. The database can provide important informa-
tion on the quantity of chemicals for each enterprise of Cyprus giving at the same time the 
necessary details of the identity of the chemical substance or preparation as well as information 
on the enterprise itself and its owner. 

This database is considered to be a valuable and powerful tool in the effort of implementing 
new legislation and the fulfi llment requirements for assessing the impact of chemicals and their 
risk on the environment at national level.   
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OPTIMIZATION OF HEADSPACE SOLID PHASE MICROEXTRACTION 
CONDITIONS FOR THE DETERMINATION OF ORGANOPHOSPHORUS 

INSECTICIDES IN NATURAL WATERS 

D. A. Lambropoulou and T. A. Albanis

Lab. Of industrial Chemistry, Dept. of Chemistry, University of Ioannina, Ioannina 45110, 
Greece

Headspace solid phase microextraction (HS-SPME) has been developed for the analysis 
of seven organophosphorus insecicides i.e. diazinon, fenitrothion, fenthion, ethyl parathion, 
methyl bromophos, ethyl bromophos and ethion in natural waters. Their determination was car-
ried out using gas chromatography with fl ame thermionic and mass spectrometric detection. 
To perform the HS-SPME, two types of fi bre have been assayed and compared: Polyacrylate 
(PA 85 µm), and polydimethylsiloxane (PDMS 100 µm). The main parameters affecting 
the HS-SPME process such as temperature, salt additives, memory effect, stirring rate and 
adsorption-time profi le were studied. The method was developed using spiked natural waters 
such as ground, sea, river and lake water in a concentration range of 0.05 to 1 µg/L. The 
HS-SPME conditions were optimized in order to obtain the maximum sensitivity. Detection 
limits varied from 0.01 to 0.04 µg/L and relative standard deviations (%R.S.D <17) were 
obtained showing that the precision of the method is reliable. The method showed also good 
linearity for the tested concentration range with regression coeffi cients ranging between 0.985 
and 0.999. Recoveries were in relatively high levels for all the analytes and ranged from 80 to 
120%. Water samples collected from different stations along the fl ow of Kalamas river (N.W. 
Greece) were analyzed using the optimized conditions in order to evaluate the potential of the 
proposed method to the trace- level screening determination of organophosphorus insecticides. 
The analysis with HS- SPME has less background interference and the advantage of its non – 
destructive nature reveal the possibility of the repetitive use of the SPME fi bre. 
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INTEGRATED CONTROL OF INDUSTRIAL POLLUTION AND CHEMICAL 
SUBSTANCES IN CYPRUS 

D. Fatta*, A.Papadopoulos* , Ch. Savvides*, M. Loizidou*,
S. Georghiades **, L. Nikolaides** and Ch. Malikkides **

* National Technical University of Athens, Chemical Engineering Department
9 Heroon Polytechniou, Zographou Campus, Athens, Greece

** Department of Labor, Ministry of Labor and Social Insurance of Cyprus
Apelli 12, 1480 Nicosia, Cyprus

The European Union’s environmental policy, as set out in the Treaty on European Union, aims 
to achieve sustainability by including environmental protection in EU sectoral policies, preven-
tive measures, the ‘polluter pays’ principle, combating environmental pollution at source and 
shared responsibility. The development of an integrated system for control of industrial pollu-
tion at a national level is of vital importance for every country according to the targets of the 
European Union Fifth Environmental Action Program. 

One of the main priorities is the Integrated Pollution Prevention and Control and the minimiza-
tion of the environmental impacts of the industrial activities on atmosphere, water and soil as 
much as possible. Pollution prevention is based on the promotion of environmental friendly 
technologies and the implementation of Best Available Techniques (BATs), while pollution 
control is achieved by data collection concerning the emissions from certain activities, assur-
ance of the compliance with the EU directives and implementation of the regulations. 

Cyprus as an accession country is taking the necessary measures to harmonize its legislation, 
administrative and other procedures to the Acquis Communautaire. Cyprus places very high on 
the priority list the development of a comprehensive system for the control of industrial pollu-
tion.

The main scope of the present paper is to present the activities carried out within the framework 
of the LIFE project TCY98/CY/167 that was carried out by the National Technical University 
of Athens – Greece and the Department of Labor of the Ministry of Labor and Social Insurance 
of Cyprus. The overall objectives of the project were the following:
• Establishment of integrated systems for chemical substances control and risk management, 

for industrial emissions and emissions of volatile organic compounds 
• Implementation of these systems in Cyprus aiming at a detailed assessment of the situation 

concerning the chemical substances and preparations, industrial VOCs emissions and 
industrial emissions (gaseous and liquid).

• Development of Best Available Techniques guidelines for the implementation of the EU 
directive for Integrated Pollution Prevention and Control (IPPC).

• Development of a new legislative framework for industrial pollution control the aim being 
the harmonization with the EU Directives. 

The paper focuses on the description of all actions carried out in order to meet the aforemen-
tioned objectives as well as on the methodology that was developed for the inventory of indus-
trial emissions, VOCs and chemical substances. 
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TOXICITY ASSESSMENT OF INDUSTRIAL WASTEWATERS
BY AN ON-LINE RESPIROGRAPHIC BIOSENSOR

Samaras P.*, Kungolos A.**, Sakellaropoulos G. P.*

*Chemical Process Engineering Laboratory, Department of Chemical Engineering, Aristotle 
University of Thessaloniki and Chemical Process Engineering Research Institute, 6th km 

Charilaou-Thermi road, 57001, Thermi - Thessaloniki, Greece
e-mail: samaras@cperi.certh.gr

**Department of Planning and Regional Development, University of Thessaly, 38334, Volos, 
Greece.

The objectives of this work were to evaluate the toxic properties of industrial wastewater by 
using an online biosensor, to assess their effect on activated sludge microorganisms, to cor-
relate toxicity properties with organic loading and to monitor weekly and daily variations of 
toxicity characteristics. The results of this study are very helpful in estimating the potential 
toxicity of industrial infl uents and their effect on a municipal wastewater treatment plant, since 
co-treatment of industrial - municipal wastewaters is currently applied or planned in several 
existing treatment plants.

An on-line respirographic biosensor, RODTOX (KELMA, Belgium), was used in this work 
in order to characterize the toxicity properties of wastewaters from the Thessaloniki industrial 
area, for a period of about 4 months. The operation of this biosensor was based on the inhibi-
tion of respiration activity of activated sludge microorganisms due to the addition of samples 
with toxic properties. Toxicity of industrial wastewaters reached up to 80%, during the monitor-
ing period. Samples with high toxicity properties presented various short term BOD values. 
Evaluation of weekly and daily variations showed that peak inhibition values, exceeding 35% 
inhibition in microorganisms respiration activity, were usually appearing during weekends and 
evening hours, indicating the reduced quality of incoming wastewaters at that time period. 
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IMPROVED ENVIRONMENTAL MONITORING - MANUAL OF BEST PRACTICE 
FOR THE DESIGN OF WATER QUALITY MONITORING PROGRAMMES

D. Jowett

Environment Agency, Rio House, Waterside Drive, Aztec West, Almondsbury, Bristol, UK, 
BS32 4UD, Tel. 44 1454 624400, Fax. 624409, Web site http://www.environment-agency.gov.uk

The Environment Agency (England and Wales) has undertaken a major collaboration pro-
gramme in the UK (in collaboration with the Scotland and Northern Ireland Forum for Envi-
ronmental Research (SNIFFER)) and the Po River Authority in Italy (with scientifi c support 
of National Research Council - Water Research Institute). This has resulted in the development 
of a common Manual of Best Practice for the design of water quality monitoring programmes. 
The Manual provides guidance for any organisations undertaking monitoring activities in the 
aquatic environment. Different versions of the manual have been produced for use in the UK 
and Italy, but both are based on common principles, while allowing different approaches to the 
implementation of monitoring programmes in each country.

For a given monitoring objective, the Manual gives the user step-by-step guidance through the 
choice of an appropriate monitoring strategy, deciding what to measure and how and when to 
measure it, as well as how to analyse the resulting data and generate management information. 
The guidance covers the use of both chemical and biological monitoring methods, for rivers, 
estuaries and coastal waters. The user will therefore be able to design a monitoring programme 
that will be most appropriate for the set of problems and circumstances encountered.

The UK version of the Manual of Best Practice consists of the manual itself and nine associated 
software tools. Through the use of the software tools, the principles of the Manual are put into 
practice when planning a monitoring programme.

The Manual itself is split into four parts. Part A, Concepts, lists the acknowledged business 
needs for water quality monitoring. Part B then supplies a more detailed treatment of the plan-
ning and analysis activities. Part C of the Manual presents the results of a series of case studies 
undertaken in the UK during the development of the Manual. The case studies are examples of 
the various Monitoring Strategies, illustrating the application of the Manual itself and then use 
of the nine software tools. The fi nal part of the Manual comprises a series of Appendices com-
prising a Glossary of statistical terms, an explanation of the need for the “Statistical Approach” 
to monitoring programme design, background to designing monitoring programmes, typical 
chemical and biological methods, estimation of mixing zones in rivers, tables of typical varia-
tions for selected determinands at some continuously monitored sites, statistical tables, techni-
cal details for planning procedures, summary of available software; and user guides to the nine 
software tools for use in association with the Manual. The nine software tools produced in sup-
port of the methodology are set out in the Manual. Four of the tools deal with the planning 
aspects of a programme, the other fi ve are to help with generating management information 
through the statistical analysis of the data gathered. 
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EU REGULATORY RISK ASSESSMENT: SCIENCE AND POLICY

B.G. Hansen*, S.J. Munn, S. Pakalin

European Commission, Joint Research Centre, Institute for Health and 
Consumer Protection, European Chemicals Bureau, Via E. Fermi 1 (TP 582),

I-21020 Ispra (VA), Italy

The EU chemicals legislation has been under review since 1998. The main obstacle identifi ed 
in this review has been the slow progress in risk assessing the EU existing substances. The EU 
Environment Council concluded in June 1999 that a new EU Chemicals Policy is needed and 
outlined a number of recommendations for the Commission to consider in shaping the future 
chemicals policy. In February 2001, the Commission produced a White Paper on the Future 
Chemicals Policy. The over-riding aim of the new policy is sustainable development.

The presentation will give an overview of the main challenges faced by the EU in implementing 
the new policy. New risk assessment methodology will need to be developed and the concept of 
targeted risk assessment will need to be made operational. A methodology is needed to assess 
the risks to humans from persistent, bio-accumulative and toxic substances, which poses chal-
lenges both for exposure assessment methodologies and for hazard assessment methodologies.
The presentation will emphasise the policy needs and articulate the current state of play in 
the EU regulatory fora where the current risk assessments methodology is under revision, thus 
giving an overview of where the major knowledge gaps are.
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ENVIRONMENTAL LEVELS AND RISK ASSESSMENT OF 
CHLORINATED PARAFFINS

M.R. Lahaniatis 

Technical University of Munich, Department of Ecological Chemistry and Environmental 
Analysis, Weihenstephaner Steig 23, 85350 Freising-Weihenstephan, Germany

(E-Mail: saraci@gsf.de)

Polychloro-n-alkanes (PCAs), also known as chlorinated paraffi ns (CPs), are a family of com-
plex mixtures representing more than 200 commercial products, that have been widely used in 
industry throughout the world since their introduction nearly 50 years ago. Use appli cations for 
chlorinated paraffi ns range from extreme pressure additives in lubricants, to secondary plasti-
cizers in paints and plastics, to fl ame retardants in various plastics and tex tiles, as well as fat 
liquoring agents in leather fi nishing. Because of their high production volume, their widespread 
and unrestricted use in the open systems, they are already present in a range of environmental 
compartments. Due to the complex composition of the CP mixtures and the diffi culties involved 
in the work-up, identifi cation and quantifi cation of their compo nents, compared to the other 
anthropogenic compounds, world wide relatively little useful data are available on CP concen-
trations in the ecosphere.

Commercially available products are classifi ed according to their carbon-chain length into 
short chain CPs (C

10
-C

13
 – SCCPs), medium chain (C

14
-C

17
 – MCCPs) and long chain 

(C
>17

 – LCCPs) compounds with a chlorination degree ranging from approximately 35 % to 
greater than 70 % by weight. This distinction is important when considering environmental 
levels and effects or toxicity as it has been found that these can vary depending on both the 
chain length and to lesser extent the chlorine content of the product, e.g. SCCPs have been 
placed on the United States Environmental Protection Agency (EPA) Toxic Release Inventory 
and in Canada are classifi ed as Priority Toxic Substances under the Canadian Environmental 
Protection Act (CEPA). In Germany, the Commission for the Investigation of Health Hazards of 
Chemical Compounds in the Work Area has classifi ed virtually all chlorinated paraffi ns as Cat-
egory III B (i.e. suspected carcinogens). In the beginning 2001 the EU has published a proposal 
to ban SCCPs from being marketed and used in the Member States, as a result of signifi cant 
environmental risks. 

Here, a multitude of CPs measurements in different environmental compartments will be 
re viewed and details of the risk assessment of CPs in different countries will be discussed.
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EVALUATION OF ACUTE TOXICITY AND GENOTOXICITY IN SURFACE 
WATERS IN CYPRUS WITH AN INTEGRATED APPROACH.

A.S Nicolaou, E.Neophytou and S.C Michaelidou
Enviromental Chemistry (I) & Ecotoxicology, General Laboratory, Min.of Health,

Kimonos 44, Nicosia CY1451 Cyprus, Email stellacm@spidernet.com.cy

Effective pollution prevention and protection of waterbodies are becoming essential goals for 
monitoring. To achieve these goals it is essential to apply both chemical and biological methods 
in an integrated way. Bioassays are indispensable cost-effective tools, to signal, predict and 
control chemical pollution in the aquatic environment at early stages of their development.  In 
order to address effects of pollution on different organizational structures and sensitivities a bat-
tery of microbiotests was selected, consisting of  MicrotoxTM test, Algaltoxkit FTM, Daphtoxkit 
FTM magna and MutatoxTM test ( the direct and the after S9 activation). Validation and evaluation 
was done according to ISO.

In the present work, the results of acute toxicity and genotoxicity in surface waters in Cyprus 
will be presented and discussed within the context of an integrated chemical and biological 
approach.
 
 In the direct Mutatox test no one sample was found defi nitely “positive” genotoxic and only 
exceptionally suspect samples were found. In the Mutatox test after activation with S9, no 
sample was found to be defi nitely “positive” genotoxic but in all dams samples classifi ed as 
“suspect genotoxics” indicating that the genotoxic response can be attributed to a rather stabi-
lized bulk of compounds which are present in the water bodies, whilst these were not detected 
chemically. The least sensitive test was Daphtox, with only the 4% of dam samples was found 
toxic to this test, while the almost perfect compimentarity  of  Microtox test to the other two 
test is clearly shown.

 From the experience of the  4 years monitoring and research under an EU funded Life Project, 
it was clearly shown that the application of  battery of complementary approaches is essential 
prerequisite for cost effective monitoring, early identifi cation of emerging pollution and optimi-
zation of monitoring schemes. For example Toxicity testing signaled the presence of potential 
genotoxic compounds whilst these were not detected chemically, either due to low concentra-
tion i.e. below detection limits, or limitations of the implemented investigation scheme.
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TRACE ELEMENT BIOMONITORING WITH MOSS AND LICHEN BAGS IN THE 
CITY OF NAPLES (SOUTHERN ITALY) 

P. Adamo*, A. Basile**, R. Castaldo Cobianchi**, S. Giordano**, S. Sorbo**, S. Vingiani*, 
P. Violante*

* Dipartimento di Scienze Chimico Agrarie, Università di Napoli Federico II, 
Via Reggia di Portici 100, 80100 Napoli, Italy

** Dipartimento di Biologia Vegetale, Università di Napoli Federico II, 
Via Foria 223, 80139 Napoli, Italy

e-mail adamo@unina.it; giordano@unina.it

Mosses and lichens because of their high surface/volume ratio, the simple anatomy and the 
absence of cuticle, quantitatively accumulate heavy metals in their tissues. For this peculiarity, 
they may show an elemental composition which refl ects, in an integrated way, particulate 
matter and metal ions present in the atmosphere, and may be considered biomonitors of envi-
ronmental pollution (Bargagli, 1998, Berlin: Springer). Since mosses and lichens are often 
scarce or even absent in urban areas, different transplant techniques have been developed.
 
In this study moss and lichen bags were used to defi ne the status of air quality in Naples urban 
area. The species employed were the moss Sphagnum capillifolium and the lichen Pseudevernia 
furfuracea. To study differences in metal uptake by two different cryptogams, at the beginning 
of July 1999 bags were settled in 23 sites of the study area across gradients of suspected pollu-
tion. The bags were gathered after 10 e 17 weeks of exposition (at the end of the dry and during 
the wet season, respectively). This procedure allowed to evaluate: i) possible washing away of 
elements; ii) infl uence of humidity in moss and lichen metals uptake. After exposure period, 
specimens were processed according to the method indicated in the guidelines published by 
ANPA (Cenci,1999, Nimis and Bargagli 1999, Atti del Workshop “Biomonitoraggio della qual-
ità dell’aria sul territorio nazionale”. Roma, 26-27 Novembre 1998, ANPA). Al, As, Ca, Cd, 
Cr, Co, Cu, Fe, K, Mg, Mn, Mo, Ni, Pb, Ti, V, Zn were determined by ICP-MS (inductively 
coupled plasma/mass spectrometry). The reliability of results was checked analysing Standard 
Reference Material (CRM 482 and CTA-OTL-1, CTA-VTL-2).
 
Metal concentrations in S. capillifolium and P. furfuracea were submitted to descriptive statisti-
cal and multivariate analysis (hierarchical clustering), using the program Syntax 5.0 (Podani, 
1993, Syn-Tax. Scientia Publishing. Budapest). Signifi cant differences were found between 
metal uptake in S. capillifolium and P. furfuracea. In particular, during the dry period there was 
a higher accumulation in the moss than in the lichen. The uptake appeared to be similar during 
the wet period. Correlations among metals evidenced particular associations for Fe- Cu- Cr , Cd 
– Co, Ni- Al- Fe. Pb did not show signifi cant correlation with any other metal. The high levels of 
Cu, Fe, Pb, Zn, Cd, essential components of alloys wires and tyres of motor vehicles and fuel, 
released into the atmosphere as fi ne aerosol emission, suggested the main source of pollution 
was  vehicular traffi c.

This study was co-fi nanced by M.U.R.S.T. funds (PRIN 1998) project “Cryptogams as bio-
monitors in terrestrial ecosystems”.
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PHOTODEGRADATION OF THE PESTICIDES TRIFLURALIN AND 
CHLORPYRIFOS IN NATURAL WATERS

A.D. Dimou, G.P. Mantis, V.A. Sakkas, and T.A. Albanis

Lab. of Industrial Chemistry, Dept. of Chemistry ,University of Ioannina, Ioannina 45110, 
GREECE. 

Pesticide contamination of surface and ground waters from agricultural uses has been well 
documented around the world. Herbicides are widely used as pre- and post- emergent weed 
control agents for a wide variety of crops while insecticides are applied in different types of 
cultivation for the elimination of custaceans, fruit fl ies and mosquitoes. The potential of con-
tamination of water and sediment is high due to their physico-chemical properties such as water 
solubility, adsorptivity (Koc), and hydrolysis half-lives. As a consequence they are found in 
various natural waters and soils in European countries. Therefore, information related to pos-
sible degradation mechanisms is of environmental interest in order to estimate their fate in 
aqeous and soil media. The photochemical degradation of the herbicide trifl uralin (2,6-dinitro-
N,N-dipropyl-4-trifl uoromethylaniline) and the insecticide chlorpyrifos (O,O-diethyl O-3,5,6-
trichloro-2-pyridyl phosphorothioate) has been investigated in different types of natural waters 
(ground, river lake, sea) and in distilled water. The photolysis experiments were conducted 
under simulated solar irradiation using a xenon arc lamp as the light source (suntest instru-
ment). Photodegradation rates followed fi rst order kinetics and natural occurring dissolved 
organic matter (DOM) inhibited the photolysis reaction in all cases. Half-lives of the studied 
pesticides ranged from 11 to 840 min depending on the constitution of the irradiated media. 
Kinetic experiments were monitored with gas chromatography (GC) and fl ame thermoionic 
detector (FTD) while the major photodecomposition products were identifi ed with GC-MS 
techniques.
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THE TOXICOLOGICAL ANALYSIS IN THE MONITORING OF THE LANDFILL 
IMPACT ON THE TERRITORY

M. Gallo*, G. Iannone*, B. Cocozziello*, G. Aurisicchio*, M. Guida**,E. Gargiulo**, I.L. 
Lipardi**, D. Santafede**, F. Aliberti**

*ARPAC – Laboratorio di Ecotossicologia Ambientale, Via Don Bosco 4/F – 80141 Napoli, 
Italy

**Università degli Studi Federico II, Dip. Fisiologia Gen. ed Amb., Sez. Igiene e Microbio-
logia, Via Mezzocannone, 16 – 80134 Napoli, Italy

The authors have monitored fi ve landfi ll of various capacity placed on Campania territory. 
Experimental measures of inorganic and organic chemical parameters on leachate and inspec-
tion’s wells water have been carried out. In addition the ecotoxicological analysis have been 
effected on Daphnia magna, Selenastrum capricornutum and Vibrio fi sheri (Microtox®).

The results obtained from the toxicological examination, introduced in laboratory routine 
accomplishing the last rule in the management of the waters, have been compared with chemi-
cal parameters. According to the results of water analysis it isn’t possible to deduce a meaning-
ful correlation between chemical and toxicological analysis, therefore the enviromental impact 
of the considered landfi ll is negligible.

The leachate examination doesn’t allow to estabilish precise correlations too, neverthless a 
bland toxicity is noticed in water of different inspection’s wells on D. magna, without chemical 
analysis identifi ed probable causes.

The Authors conclude reafferming toxicological examinations validity as preliminary moment, 
important, even if not exaustive, to the analytical approach in the study of MSW leachate and 
inspection’s wells landfi ll.
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MONITORING OF POPS IN RUSSIA

Z. Amirova and E. Kruglov

Environmental Research & Protection Centre, 147, October Av., 450075, Ufa, Russia

Research of pollution caused by POPs in Russia has been carried out in compliance with 
federal and regional programs and also with support of international environmental funds. In 
1994-2000 a program called “Dioxin” has been carried out in Bashkortostan, one of the regions 
in Russia. So far this is the only experience of a complex and completed research program 
in Russia. Over 2500 analyses of isomer-specifi c PCDD/Fs determination in all environments 
were made: in the air, soil, bottom sediment, snow, surface and waste waters, water supply 
sources, emissions of industrial enterprises, biological tissues of animals and human beings 
(blood, breast milk, fat), in food stuff (meat, milk, fi sh). In order to evaluate PCBs pollution, 
determination of 12 DLPCBs was carried out. There are dumps of herbicides with expired date 
of use to be disposed of. In this connection experimental results of determining the POPs in the 
environmental objects were obtained (Aldrin, Dieldrin, DDT, DDE, Endrin, hexachlorbenzene, 
chlordane, heptachlor). Mirex and toxaphene have never been used in the region.

Determination of 17 toxic PCDD/Fs and 12 toxic DLPCBs was performed in compliance with 
the USEPA methods 1613 B and 1668 A (HRGC/HRMS). The Centre was certifi ed within the 
framework of Gosstandart of Russia and participates in international intercalibrations. 
As it has been shown by the results of 6-year PCDD/Fs monitoring the area of industrial cen-
tres in Bashkortostan is an area of industrial risk of dioxin pollution. The territory of the chemi-
cal plant producing phenoxyherbicides and the old landfi ll site of industrial waste is a zone of 
extreme pollution demanding remediation. PCDD/Fs content in slit and sludge is up to 200 ppb 
TEQ-WHO, in soil and in the material of which industrial buildings are made – over 10 ppb. 
Soil, grass and snow within the radius of 200 m around the plant are polluted with PCDD/Fs 
emitted by incinerators of toxic chlororganic waste up to 0.2 ppb. Background monitoring has 
shown that urban soil in case there is no PCDD/Fs emission source is polluted within the range 
of 1-3 pg/g. Treated drinking water normally does not contain any detected PCDD/Fs concen-
trations. Among PCBs the highest concentrations have been detected for PCB IUPAC # # 118, 
105, 156. Food pollution with PCDD/Fs and PCBs does not exceed sanitary norms for Russia 
and more often it is lower than the respective levels reported for Western Europe and North 
America, especially in terms of high-chlorinated hydrocarbons. The daily PCDD/Fs intake by 
humans corresponds to WHO recommendations and makes 1-3 pg/kg of body weight per day. 
However as a result of phenoxyherbicide production during the 60-80s there is a cohort of 
dioxin affected workers (about 300 people) in Ufa. PCDD/Fs content in their blood is now 
from 150 up to 8000 pg/g lipids (TEQ-WHO). After-effects of so high pollution consist in the 
increased risk of mortality caused by cardiovascular and oncology diseases but not diabetes. 
The revealed environmental problems of the region demand to solve the tasks of landfi ll site 
areas and industrial sites remediation, disposal of toxic sludge, reduction of PCDD/Fs and 
PCBs emissions from incinerators. Though for the last 3 years some reduction of the back-
ground PCDD/Fs level in blood of the population has taken place but still this level is by 30% 
higher than that on the average in Russia and it testifi es to continuing PCDD/Fs and PCBs 
emission. Finding and rehabilitation of dioxin exposure cohorts, reduction of toxic load on the 
population requires continuation of POPs monitoring in the environment of the region.
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IN VITRO EVALUATION OF THE POTENTIAL HAZARDOUS EFFECTS OF 
WIDELY USED AGRICULTURAL CHEMICALS ON THE EXPRESSION OF THE 

TUMOUR SUPPRESSOR GENE P53.

A. Apostolidou*, P. Peristeris*, G. Terzoudi*, G. Pantelias*, and V. Makropoulos**

*Laboratory of Health Physics & Environmental Hygiene, NCSR “Demokritos”, 
15310 Ag. Paraskevi, Athens, Greece

**Hellenic Institute for Occupational Health and Safety (EL.IN.Y.A.E),
143 Liosion &6 Thirsiou 104 45 Athens, Greece

The p53 tumor suppressor gene encodes for a protein, which has an important role in control-
ling oncogenic development. Alterations of p53 gene and its protein have been found to be asso-
ciated with genetic events in human malignancies. Wild type p53 protein, which is a nuclear 
phosphoprotein, has been characterized as an essential regulator of cell growth arrest and apop-
tosis when DNA damage occurs due to genome damaging agents. Several studies have shown 
that an increase in cellular p53 following treatment with potential genotoxic chemicals can be 
taken as an evidence for DNA damage. Moreover, p53 has been shown to be deregulated by 
several environmental agents such as benzene and phorbol esters and agricultural chemicals.

In animal studies several pesticides have been proven to be carcinogenic or tumor promoters. 
Mice exposed to atrazine showed an important increase of the levels of the p53 protein pro-
duced from the peripheral blood lymphocytes. Moreover, a signifi cant increase of the protein 
was observed in the brain of mice that have been exposed to deltamethrin. Many types of human 
neoplasias occurring in rural populations, such as lung and breast cancer, leukemia and non-
Hodgkin’s lymphomas, have been associated by demographic studies with the exposure to dif-
ferent agricultural chemicals and their combinations, which probably have highly genotoxic 
effect.

The purpose of the present study was to detect the in vitro effects of widely used, by Greek 
farmers, agricultural chemicals on the expression of the p53 gene.

TK6 cultured cells were treated with various doses of several agricultural chemicals (paraquat, 
linuron, atrazine, deltamethrin, mancozeb, methidathio, bromopropylate and quizalofop ethyl 
D) and combinations of the above. After 24 hours the cells were lysed and the lysates were ana-
lysed for p53 expression by ELISA analysis. In parallel cells were treated with mitomycin C, 
which is known to produce signifi cant increase of the p53 protein levels and served as a positive 
control of the experiments. 

None of the chemicals tested had any effect on the expression of the protein. However, two 
of the chemicals (paraquat and quizalofop ethyl D) tested at concentration 50µM, produced a 
signifi cant increase of the p53 protein levels, giving an evidence of their possible genotoxic 
effect when exposure at high doses occurs. The results showed a dose-dependent increase in the 
p53 protein production of cells treated with mitomycin C as expected.
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THE SOIL POLLUTION WITH HEAVY METALS IN ROSTOV-ON-DON

O. Bezuglova, S. Gorbov, I. Morozov and V. Privalenko

Dept. of Soil Science, Rostov State University, 105, B. Sadovaya St., 
344006 Rostov-on-Don, Russia

Introduction. Soil cover is the area of transit and fi nal accumulation of pollutants, including 
heavy metals. Soils sorb all possible products of technogenesis as a result of the high active sur-
face of colloids, becoming the “depot” of toxic substances and the major sorption-chemical bar-
rier for their migration from the city’s atmosphere into underground water and river network.

Materials and methods. The investigation was carried out in the recreational zone (i.e., in 
parks, squares, shelter belts, etc.) and also in the downtown and the industrial part of the city, 
including the soils under asphalt. The native soil cover was presented by ordinary chernozems. 
The total content of heavy metals and their forms dissolved in hydrochloric acid and acetate-
ammoniac buffer was determined by spectral method for estimation of the soil cover pollution. 
Further the content of heavy metals in the urban soils and in the background analogues was 
compared. For this purpose the factor of technogenic concentration or abnor mality (Kc) was 
counted. This coeffi cient shows the excess of the heavy metals’ content in urban soils in com-
parison with their content in background ones.

Results and discussion. In the city’s recreational zone the maximum values of Kc are regis-
tered for Zn and Cu. For Zn this coeffi cient changed from 1.6 up to 12.9; for Cu - from 2.0 up to 
5.0. The variation of this parameter for other elements is much weaker. In the forest-park zone 
the increased content of V and Zn, close or a little bit exceeding values of maximum permissible 
concentration (MPC), are marked.
Other data were obtained during the soil-geochemical investigation around industrial enter-
prises and in the central part of Rostov-on-Don. All urbanozems and ecranozems are charac-
terized by the high pollution levels not only in covered layers, but in buried soils as well. In 
the anthropozems the pollution of practically all layers by mobile forms of Mn, Ni, Co, Pb, Cd 
(acetate-ammoniac extract) was determined, and the excess of MPC was signifi cant. Thus, for 
Mn this index was varying from 2.5 up to 5 MPC in different soil layers, for Co - from 1.1 up to 
2 MPC, for Pb - from 2.8 up to 4.5 MPC and for Cd was reaching 36 MPC. The total content of 
Pb in superfi cial soil layer was exceeding MPC in 2-5 times almost on 50 % of the city’s terri-
tory. But we have faced the phenomenon which it is diffi cult to explain by simple pollution with 
toxicants carrying by air. For instance, in park soils covered by the asphalt almost 50 years ago 
the increased content of heavy metals was fi xed, particularly, the content of Co, Ni, Mn and, 
especially, Cd. These facts, probably, deny the well-known opinion that covered soils cease to 
play the role of fi lter and protector in the relation to other natural environments, and, in particu-
lar, to hydrosphere.

Conclusion. In urban conditions the signifi cant contrast of the soil cover pollution is observed. 
Heavy metals (e.g., Hg, Cd, Pb, Zn, Cu, etc.), being as highly toxic pollutants even in the case 
of minimal excess of the maximum permissible concentration, may be used as technogenic pol-
lution indicators.
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USE OF NEAR-INFRARED SPECTROSCOPY TO EVALUATE HEAVY METAL 
CONTENT IN BRASSICA JUNCEA CULTIVATED ON THE POLLUTED SOILS OF 

THE GUADIAMAR RIVER AREA

R. Font, M. Del Río and A. De Haro.

IAS-CSIC. Alameda del Obispo s/n. E-14080 Córdoba. Spain

Phytoremediation is considered as a potential solution for the remediation of contaminated 
soils. The success of phytoremediation technology is dependant of several factors such as the 
ability of accumulating high concentrations of metal in the shoots and to produce high biomass. 
Previous works have shown the possibilities of using Brassica juncea in the phytoremediation 
of contaminated soils, particularly those affected by the toxic spill of the Aznalcollar mine 
(Southern Spain) (Del Rio et al., 2000). 

A rapid screening method of analysis of heavy metals (Pb, Zn and Cu) in plants have been 
developed by using Near Infrared Refl ectance Spectroscopy (NIRS) previously calibrated with 
samples analysed with classical chemical methods. We have used this technique to evaluate the 
heavy metal content of 123 accessions of Brassica juncea cultivated on the contaminated soils 
of the Aznalcollar area. Other characteristics such as shoot and root dry weight and density of 
plant have been studied to determinate the most tolerant accessions.

The results of this study indicate that several accessions of Brassica juncea display high tol-
erance and ability for uptaking heavy metals, and could be used with phytoremediation pur-
poses.

REFERENCES

DEL RIO, M., FONT, R., FERNÁNDEZ-MARTÍNEZ, J., DOMÍNGUEZ, J., DE HARO, A. 
2000. Field trials of Brassica carinata and Brassica juncea in polluted soils of the Guadiamar 
river area. Fresenius Environmental Bulletin 9: 328-332.
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THE MICRONUCLEUS TEST AS A NONDESTRUCTIVE BIOMARKER 
IN THE ASSESSMENT OF BIRD POPULATIONS

T.V. Denisova*

*Rostov State University, Dept. of Ecology, 105, B. Sadovaya, 
344006, Rostov-on-Don, Russia

A new approach in biological monitoring is the use of biomarkers. In the last twenty years eco-
toxicology has been increasingly concerned with the use of biomarkers to evaluate the biologi-
cal hazard of toxic chemicals and, as part of an integrated approach, in the assessment of
environmental health. In fact the concept of biomarkers for the evaluation of environmental 
risk has captured the attention of control agencies and is currently being assessed by several 
research commissions. A biomarker is generally defi ned as “change in a biological response 
that can be related to an exposure to, or toxic effect of, an environmental chemical or chemi-
cals». The term “biological response” ranges from molecular, biochemical and physiological 
responses, to behavioral changes and even changes in species composition (Fossi, 1994).

Pollution monitoring is limited by the sensitivity of method utilized. Test in whole animals 
offer advantages, sins an organism can process or metabolize component to its toxic form 
(Rodryguez-Ariza, Nieves et al., 1992).

The micronucleus test was fi rst developed to detect structural chromosome damage induced 
by chemicals, it detects the effect of mutagenic agents on chromosomes by the identifi cation 
of acentric fragments and/or lagging chromosomes, those remaining separate from the nucleus 
(Schmid, 1975). Later on it has been shown that micronucleus can be a consequence of spindle 
dysfunctions (Yamamoto, Kikuchi, 1980) as well. Finally, it has been generally assumed that 
detects both structural and numerical chromosome aberrations (Pavlica, et al., 2000).
 Some of the advantages of the micronucleus test are its simplicity, reliability and sensitivity; at 
present it has been validated as in situ biomarker in different species, including birds (Minissi, 
et al., 1996; Hose et al., 1987; Zuniga-Gonzales et al., 2000).

We obtained peripheral blood samples from 13 bird species, from three different areas of 
Russia: north of the Kola peninsula (settl. Dalnye Zelentsy), Azov environs and Taman  penin-
sula. Slides were dried, fi xed and stained by May-Grunwald-Giemsa. The frequency of micro-
nucleated erythrocytes was manually scored through an oil immersion objective. For each indi-
vidual, 3000 erythrocytes were scored.

In bird peripheral blood of each area the micro-nucleated erythrocytes were detected. Our 
results have shown the tendency of increasing a number of   micro-nucleated erythrocytes in 
birds from Azov environs.

Support for this work was provided by Grants RFBR 99-05-65164, 01-05-06039.
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DETERMINATION OF TRACE ELEMENTS AND EVALUATION OF THEIR 
ENRICHMENT FACTORS IN LICHENS OF DIFFERENT ALPINE AREAS OF 

NORTHERN ITALY. 

E.Rizzio, L.Bergamaschi, G.Giaveri, A.Profumo, M.Gallorini

CNR Centro di Radiochimica e Analisi per Attivazione c/o Università di Pavia V.le Taramelli 
12, 27100 Pavia- Italy

corresponding author: M.Gallorini; e-mail gallorin@unipv.it

Since many years the lichens have been proposed as biomonitors in studies related to the atmos-
pheric pollution of metals and trace elements. The specifi c capability of absorbing and accu-
mulating this type of pollutants from the air associated to their longevity and resistance to the 
environmental stresses, make lichens suitable for studies on air quality assessment.

In this work, a study for trace elements characterization and analysis in epiphytic lichens col-
lected in different areas of three alpine regions in north Italy is presented. The results furnish a  
preliminary data bank of the elemental concentrations and gives information  for the assessment 
of TE distribution present in different areas. In addition, the evaluation of the concentrations 
of TE of anthropogenic  origin may provide indications about the long-distance atmospheric 
transport phenomena. 

To this purpose, samples of superfi cial soils  were also collected and analyzed to obtain the trace 
element enrichment factors (EF). The EF have been calculated according the following equa-
tion: 
                                      EF = Cx/Cn (ambient): Cx/Cn (background) 
where Cx is the concentration of the X element whose enrichment is to be determined and 
Cn is the concentration of the N normalizing element assumed to be uniquely characteristic of 
the background. In our case the ambient consists of samples of lichens thallus while the back-
ground consists of samples of the surrounding soils. Using scandium as normalizing reference 
crustal element and the data obtained from the analysis of the lichens and the soil samples the 
EFs values of more than 20 elements have been determined. Element related to anthropic activ-
ity such as W, Zn, Co, Cu, Cr, V, Cd, As, Pb, Ni, Sb and Br present, in almost all samples,  EFs 
values signifi cantly greater than 1, therefore they may be considered associated to non local  
natural and/or anthropogenic sources.

 Most of the trace elements were determined by instrumental neutron activation analysis 
(INAA), while lead and cadmium measurements were carried out with electrothermal atomic 
absorption spectroscopy (ET-AAS). The three areas object of study were: a region of northern 
pre-Alps (500 m s. l.) located in the of the province of Biella (Piedmont);  selected sites at 
different altitudes in the Valsavaranche of the National Park of the Gran Paradiso (north-east 
Alps) and the  small town of Livigno (2000m s.l.) in the north Alps of Lombardy. In each local-
ity more than 24 trace elements were studied. The elemental concentrations as well as the cor-
responding Enrichment Factors have been evaluated and compared. 
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THE BIOASSAY WITH THE SEA URCHIN PARACENTROTUS LIVIDUS: THE 
CHOOSE OF DIFFERENT  END-POINTS FOR DIFFERENT ENVIRONMENTAL 

MONITORING

S. Giuliani*, C. Ennas*, D. Pellegrini*, L. Kozinkova**, 

*I.C.R.A.M. – Via di Casalotti 300, Rome, Italy
**C.I.B.M. – Viale N. Sauro 4, Leghorn, Italy

The negative interferences which pollutants contained in the marine sediments can exercise on 
organisms, can be put into evidence through the integration of ecotoxycological analysis in the 
common chemical-physical analysis. The ecotoxycological approach, in particular, provides 
some important information about pollutants bioavailability, as well as synergycal and antago-
nistical effects of toxicants and, in the last years, many bioassays are being employed in Italy 
in the environmental monitoring of coastal areas. 

In this work the toxicity of some harbour and coastal sediments is investigated by a bioassay 
with the Mediterranean sea urchin Paracentrotus lividus.
The aim of this study was to examine different end-points for sediments at presumable different 
pollutant levels (low, medium or high level of contamination) and the possibility to choose the 
appropriate assay for different environmental monitoring.

The experiment was performed evaluating the spermiotoxicity inducted from sediments elutri-
ates. The end-points considered was the fertilization-rate in order to evaluate the short-term 
toxicity, and the larval development to assay the longer term toxicity. The way of working is 
referred to international protocols opportunely changed for P. lividus. 

The results of this preliminary study suggest that for coastal areas, presumably not much pol-
luted, the study of longer term toxicity could be enough; while in case of harbour and some 
others polluted areas (dredged material dumping site, petroleum extraction areas, and so on) the 
evaluation of both, short and longer term toxicity, is preferred.

Methodological investigations and standard procedure studies about sea urchin bioassay are 
desirable; a future international protocol can be an important support for the management of 
harbour and coastal sediments monitoring plans.
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ATMOSPHERIC MONITORING, TOXICOLOGY AND QSAR MODELLING OF 
NITROPHENOLS  

    
P. Gramatica*, P. Lorenzini*, A. Santagostino**,  E. Bolzacchini**

* Department of Structural and Functional Biology, QSAR Research Unit, University of 
Insubria, Via J.H. Dunant 3, 21100,Varese, (Italy)

 ** Department of Environmental Sciences, University of Milano-Bicocca, Piazza della 
Scienza 1, 20126 Milano (Italy)

Nitrophenols and nitrocresols are widespread toxic compounds generated in the tropospheric 
aqueous phase by the nitration of aromatics. Organic analysis of urban rainwater has indicated 
how antropogenic activity infl uences the chemical composition of the atmosphere. Aromatics 
with polar substituents, such as phenol, benzoic acid etc., have been found in appreciable con-
centrations in many areas. 

Liquid chromatography coupled to a photodiode array detector and atmospheric-pressure 
chemical ionization ion sources were used for the determination of a variety of nitrophenols in 
air and rain samples after solid phase extraction using silica gel and XAD-7 resin-adsorbents 
(rainwater). Nitration of phenols in the troposphere appears to act in both the gas- and the aque-
ous phase, leading to dinitrophenols. The fi rst nitration most likely occurs in the gas phase, then 
transfer to the aqueous phase and a second nitration results in the dinitrophenols. 

These compounds are toxic in all organisms as they interfere with a basic cell function, namely 
energy transduction. The phytotoxicity of nitrophenols and nitrocresols was studied by deter-
mining the reduction in soya seed germination, measuring root length after 5 days of exposure 
and then calculating the germination index as IC

50
 (mmol/L). The results of this study indicate 

that phenol and cresols have no effect at the tested doses, whereas the nitration products always 
show some effect, the activity of the dinitroderivates being higher than the corresponding 
mononitroderivates. In order to predict the toxicity of these relevant compounds on animals 
both the uncoupling activity of the oxidative phosphorylation and the inhibitory effect of 
oxygen consumption in mammalian mitochondria were determined in vitro for 18 available 
phenol derivatives. Measurements of the activity on the respiratory function and of the uncou-
pling activity were made using the oxygen electrode. The inhibitory effect of the oxygen con-
sumption was calculated as Respiratory Control Index (RCI) inhibition, while the uncoupling 
activity was measured as ADP/O ratio reduction. 

The experimental data have been modelled in a QSAR approach using a wide set of theoreti-
cal molecular descriptors, selected by the Genetic Algorithm procedure: OLS models with sat-
isfactory predictive power were obtained for all the responses. The models were validated by 
the leave-one-out and leave-more-out procedure (Q2

LOO
=85-93% Q2

LMO
=82-93%). Using these 

models it is easy to predict good IC
20

 or IC
50 

values for all the toxicity responses, also for not 
experimentally tested compounds. The predicted values for all the mononitro-, dinitro-phenols 
and -cresols were checked for reliability by the leverage approach. The diversity of the struc-
tural descriptors selected for the modelling of the various responses allows the highlighting of 
the different modes of action.

This work was supported by an EC grant: UNARO-ENV 4-CT97-0411.
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RANKING OF  “EEC PRIORITY LIST 1” CHEMICALS FOR STRUCTURAL 
SIMILARITY AND MODELLING OF ALGAL TOXICITY

P. Gramatica*, H. Walter** and R. Altenburger**.

*Department of Structural and Functional Biology, QSAR Research Unit, University of 
Insubria, Via J.H.Dunant 3, 2100 Varese, Italy

** Department of Chemical Ecotoxicology, UFZ Centre for Environmental Research Leipzig-
Halle, Permoserstrasse 15 , 04318 Leipzig, Germany

Environmental exposure situations are often characterized by the simultaneous presence of a 
multitude of heterogeneous chemicals that vary in structure as well as in their modes of action. 
In order to predict and assess mixture toxicity from existing knowledge about the toxicity of the 
single compounds two different concepts are available: Concentration Addition for mixtures of 
substances with similar mode of action, and Independent Action in the opposite case of mixture 
components with dissimilar modes of action. Mixture studies on specifi cally acting chemicals 
evidenced the predictive capabilities of the concepts in principle, but furthermore demonstrated 
the need to prior grouping of the chemicals into classes of similar and dissimilar action. How-
ever, for the majority of chemicals knowledge on their toxic mode of action is either inadequate 
or not available. To indicate that groups of chemicals possess similar modes of action, QSAR 
studies can be applied: the general hypothesis hereby is that chemicals with similar structure 
patterns in structure would have a similar mode of action.
Studies on mixture toxicity and the application of QSARs and chemometric techniques are 
object of two EEC Projects (PREDICT: Prediction and Assessment of the Aquatic Toxicity of 
Mixtures of Chemicals and the following BEAM: Bridging Effect Assessment of Mixture to 
Ecosystem Situations and Regulation), in which the authors were and presently are involved.
In both of these projects, the EEC priority List 1 (Council Directive 76/464/EEC), consisting 
of heterogeneous environmental chemicals of mostly unknown or unspecifi c modes of action, 
built the base to select the components used in the mixture experiments. To that end, a data 
set of 202 compounds was studied and classifi ed according to structural similarity which 
fi nally allowed the  identifi cation of the most representative and dissimilar chemicals. A wide 
set of molecular descriptors (counts, topological and 3D-WHIM) was used to describe the 
chemical structure of the compounds with the fi nal aim to fi nd an objective method to group 
the compounds on the basis of their structural features. Different chemometric approaches 
(Hierarchical Cluster Analysis, Principal Components Analysis, Kohonen maps) were applied 
to highlight the 11 structurally most dissimilar compounds.
These chemicals were then tested to assess their algal toxicity on Scenedesmus vacuolatus and 
the experimental results were modelled by the above cited molecular descriptors. On this highly 
heterogeneous data set we obtained satisfactory and cross-validated OLS regression models, by 
applying Genetic Algorithm for the variable subset selection. In addition, it was verifi ed that 
the concept of Independent Action should be applied to predict the toxicity of this mixture of 
structurally dissimilar compounds, thus demonstrating that the structural dissimilarity of the 
selected compounds is correlated to a dissimilarity in their mode of action. The comparison 
with QSAR models obtained on congeneric environmental chemicals, which mixture toxicity 
was well predictable with Concentration Addition,  will be discussed.
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QSAR AND CHEMOMETRIC APPROACHES TO THE SCREENING OF POPS FOR 
ENVIRONMENTAL PERSISTENCE AND LONG RANGE TRANSPORT

Paola Gramatica* , Ester Papa* and Stefano Pozzi**

* Department of Structural and Functional Biology, QSAR Research Unit, University of 
Insubria, Via J.H. Dunant 3, 21100,Varese, (Italy)

** Laboratory of Environmental Studies (SPAA)- Lugano (Switzerland)

Several pollutants of concern, including pesticides, PAHs, PCBs etc. have a Long Range Trans-
port (LRT) potential due to the combination of their persistence in the environment and their 
inherent tendency towards mobility. These pollutants have been found not only in polar ice but 
also in high European mountains (for instance in the Italian and Swiss Alps). 

Half-life data are commonly used as persistence indicators, but are available only for a few 
organic compounds, vary greatly for the various compartments, depend on laboratory tests 
and are reported in the literature mainly as a range of values. The reported average and max 
values have been used as the input data in our QSPR studies. Validated OLS regression models 
have been realised by using different theoretical molecular descriptors to predict half-life 
values in the atmosphere, soil, surface water and groundwater for 130 organic pollutants of 
different chemical classes (PAH, PCB, some pesticides, etc). All the regression models have 
been strongly validated for their prediction power by the leave-one-out and leave-more-out 
procedure (Q2 =70-90%) and the predicted data have been checked for reliability by the lever-
age procedure. These predicted values are obviously not the real half-life, but are reasonable 
estimates that can be combined simultaneously by Principal Component Analysis to produce a 
useful index for global persistence.

Different physico-chemical properties are important in determining LRT, for instance, volatil-
ity, solubility in water, different sorption coeffi cients and half-life in the different compart-
ments. The fi nding of the best combination of chemical properties minimizing LRT is a multi-
criteria problem and this can be approached by MultiCriteria Decision-Making (MCDM) tech-
niques. In this case utility  functions are applied to the most relevant properties determining 
LRT, allowing a ranking of the studied chemicals according to their LRT potential.

Finally the application of QSPR regression models and classifi cation models (CART) to the 
obtained MCDM scores allows a fast screening and ranking of existing chemicals for their 
inherent tendency towards LRT. This approach could also be applied usefully to new chemicals, 
even those not yet synthesized, as only the knowledge of molecular structure is needed.
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MONITORING OF PHYTOPLANKTON AND SUSPENDED PARTICULATE 
CONCENTRATIONS AT SHALLOW WATERS ALONG THE MEDITERRANEAN 

COAST OF ISRAEL USING GEOCHEMICAL AND HYPER-SPECTRAL REMOTE 
SENSING METHODS

B. Herut*, G. Tibor* and N. Kress* 

* Israel Oceanographic and Limnological Research, National Institute of Oceanography, 
P.O.Box 8030, Haifa 31080, Israel

The quality of marine waters depends to a large extent on the density of phytoplankton and sus-
pended particulate matter (SPM), and their composition. The water quality along the Mediter-
ranean coast of Israel was mapped with the hyper-spectral Compact Airborne Spectrographic 
Imager (CASI) sensor during two airborne campaigns (April 1997 and October 1999). The aim 
of the study was to: a) implement the use of hyper-spectral remote sensing methodology as a 
rapid synoptic monitoring tool in a transitional zone from polluted point sources to clean sea-
water and b) to present the fi rst comprehensive distribution of chlorophyll-a (chl-a) and SPM 
concentrations at the shallow water belt (<30m depth) along the coast. 

In such relatively small size areas, where high spectral and spatial resolution is required, the 
use of CASI is particularly attractive. The present study demontrates the advantage of hyper-
spectral remote sensing  techniques as a monitoring tool in coastal sites characterized with 
patchy distribution and sharp concentration changes of SPM and chl-a.
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RISK COMPARISON OF ANTIFOULING BIOCIDES

J. Ranke and B. Jastorff

University of Bremen, Inst. of Bioorganic Chemistry, Bremen, GERMANY

The amount and quality of available risk relevant data for different antifouling agents used as 
alternatives for tributyltin is very diverse. In order to gain a reliable impression of the compara-
tive risk of using tributyltin, copper, Irgarol (R) 1051, Sea-Nine (R) 211 and zinc pyrithione, a 
method to characterize this risk by fi ve independent indicators has been previously described. 
In this presentation, new estimations of the release from commercial ship hulls, of their range 
in space and time, of their bioaccumulation and of their biological activities are presented, each 
in combination with the uncertainty of the respective estimations. The estimated copper inputs 
from antifouling paints only make up less than 10 % of the total copper inputs into the marine 
biosphere. However, the risk analysis suggests, that the accumulation of copper in deep sea 
sediments might be a signifi cant problem. The risk profi les resulting from the fi ve indicators 
only convey an impression of the relative risks, and each indicator value should be disputed in 
the public.
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MONITORING OF WATER QUALITY OF KALAMAS RIVER, EPIRUS GREECE: A 
MULTIVARIATE ANALYSIS

I. Kagalou*, E. Papastergiadou** and M. Tsoumani*

*Technological Educational Institute of Epirus, Department of Ichthyology and Fisheries, 
P.O. Box 152, GR 46100, Igoumenitsa, Greece.

**The Goulantris Natural History Museum, Greek Biotope Wetland Center, 14th Km Thessalo-
niki- Mihaniona, GR 57001 Thermi, Greece.

 River basins are the natural environmental units integrating the effects of all human activities 
and resource units.

Kalamas River is situated in the Northwestern part of Greece and fl ows into the Ionian Sea. 
The river’s main length is about 113 Km and its catchment’s area about 1831 Km2. It receives 
agricultural, domestic and industrial sewages from the catchment’s area.
An integrated monitoring system was applied during the low fl owing season, in order to esti-
mate the pollution level and to evaluate biotic community.

In the present study, an attempt was made to estimate the water quality of Kalamas river using 
physicochemical variables, aquatic macrophytes,  and multivariate data analyses. Samples were 
obtained from two selected stations at bi-monthly intervals, during April to September 2000. 
The following parameters were examined: water temperature, pH, Dissolved Oxygen, PO

4
-P, 

NH
4
–N, NO

3
–N, NO

2
-N, Chlorophyll-a. 

The multivariate analysis techniques (CANOCO, Discriminant SPSS), were applied to data. 
Correlations were sought between the environmental factors and the abundance of the different 
species using canonical analysis.

Kalamas river appeared to have poorer water quality during the low fl ow season than during 
the high fl ow season as determined by comparison with a previous survey undertaken in winter 
1999.Also the upsteam sites had better water quality than the down stream areas.
Multivariate analyses, which consider the abundance of different species and the structure of 
biocommunities appeared to be more appropriate for the evaluation of water quality.
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THE BIRD SPECIES OF THE MEDITERRANEAN REGION AND THE DANGERS 
THAT FACE THEM

Ilhami Kiziroglu, Ali Erdogan, Filiz Kiziroglu, and Levent Turan

Hacettepe University, Dept. of Biology, 06532 Beytepe, Ankara, TURKEY

The Mediterranean Region is geographically divided into four parts and has a variety of eco-
systems thanks to the suitability of ecological conditions. Therefore, it also has a rich variety 
of bird species because of rich vegetations and aquatic areas. 348 (81.7%) of 426 bird species 
which have been recorded in Turkey exist in the Mediterranean Region. 202 (58.0%) of the 
regional bird species belong to Nonpasseres, and 146 (42.0%) to Passeres. Of these bird spe-
cies, African Darter, Anhinga rufa, left the region due to the drainage in the Amik Lake, and it 
has become extinct since 1970. The number of bird species recorded only in the Mediterranean 
Region is 11, and of these Bulbul, Pycnonotus barbatus, is likely to become endemic.

According to the status of the nonpassares bird species identifi ed in the region and Red Data 
Book (=IUCN) criteria, the distribution of them is as follows: A.1.2 (= threatened with extinc-
tion): as winter visitors = (KZ): 1 species; As breeding species (=G): 4 species: As years birds 
(Y):19; In the status of A.2  (=severely endangered): KZ=7 species; G= 30 species; Y=26 spe-
cies; in the groups of A.3 (=endangered): KZ = 1 species; G= 19 species; Y= 20 species; in the 
groups of A.4  (=potentially endangered): KZ=1 species; G= 10 species; Y = 16 species; All the 
species above breed in Turkey. Nonbreeding species in the group of B.2 and B3 are 45. As is 
seen, almost all of the nonpassares bird species are endangered.

The most imptortant dangers which face the bird species are as follows: (a) extensive use of 
pesticides in agriculture and forestry, (b) the drying of aquatic areas, (c) forest fi res, (d) the 
transfer of the natural areas to housing and industry, (e) destruction of coasts, (f) contamination 
of aquatic areas, and (g) hunting.
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COMPOSITION AND TOXICITY OF BAUXITE SOLID RESIDUES:
RISK ASSESSMENT AND PROSPECTS FOR SITE REMEDIATION

S. Meriç*, D. Petruzzelli**, M. Iaccarino§ and G. Pagano§

* Istanbul Technical University, Department of Environmental Engineering,
Maslak, TK-80626 Istanbul, Turkey

** Department of Civil and Environmental Engineering, Polytechnic University of Bari,
I-70125 Bari, Italy

§ Istituto Nazionale Tumori, Fondazione G. Pascale, I-80131 Naples, Italy;

Bauxite manufacturing by-products may represent a subject of environmental concern, as far 
as bauxite by-products may affect marine, freshwater or terrestrial biota in the vicinity of plant 
facilities or in sludge disposal sites. By-products of bauxite manufacturing include: i. process 
sludge, whose disposal is either carried out in marine coastal sites or in inland sites, and ii. 
solid residues, that occur from sludge drying and from other process materials, spreading from 
bauxite plant facilities to the surrounding areas.
Previous investigations have provided evidence for bauxite sludge-associated toxicity to sea 
urchin and mussel embryogenesis and fertilisation success. Aluminium bioaccumulation occurs 
in marine plants collected nearby a coastal bauxite sludge disposal site, and adverse effects 
on a benthic macroinvertebrate community were also reported in a study of a bauxite sludge-
polluted lake.
We have investigated whether solid residues released by some bauxite manufacturing plants 
could be associated with any comparable toxicity as was detected for bauxite sludge. A series of 
studies was carried out on solid residues collected in areas close to four bauxite manufacturing 
facilities located in Gardanne (Southern France), Portovesme (Sardinia, Italy), Aghios Nikolaos 
(Greece), and Seydi ehir (Turkey). The overall results provided evidence for bauxite residues 
toxicity to sea urchin early development, resulting in embryonic mortality, developmental arrest 
and larval malformations, with different topographic and analytical patterns in the different 
areas investigated. The analytical data pointed to the possible roles of both the major bauxite 
components (Al and Fe), and/or of the “minor” components, such as Zn, Mn and Pb. The 
observed differences in bauxite residues composition may be related to differences in ore min-
eralogic features and, possibly, to manufacturing process(es) in the different facilities. A major 
outcome of these studies is related to the extraction procedures carried out prior to inorganic 
analysis, in that strong-acid extraction failed to result in any correlation with toxicity data, 
whereas a “mild” extraction procedure, by soaking bauxite residues in seawater for 24 hrs pro-
vided analytical data that were compatible with the environmental availability of the metals 
analysed for, and that showed signifi cant correlation results with the outcomes of toxicity bio-
assays. Thus, the present experience points to the need to evaluate inorganic contaminant levels 
following a realistic extraction procedure as, e.g., seawater extraction.
The perspectives of interventions for site remediation should take into account the following, 
multi-faceted aspects of soil pollution as related to bauxite residues: a) an accurate topographic 
survey of the affected sites should provide an adequate dataset of toxic metal levels as released 
from residues, as nominally high (acid-extractable) levels of inorganics may fail to result 
in realistic information on environmental availability; b) in those sites where environmental 
release of toxic inorganics is verifi ed, the most appropriate and cost-effective devices should 
be proposed in order to remove the main sources of environmental hazard (e.g., inertisation by 
concrete immobilisation), and c) bauxite ore should be chosen, as for origin and composition, 
in order to optimise solid residue disposal from bauxite manufacturing.
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THE MAN , THE ECOSYSTEM AND THE TOXIC CHEMICALS - RISKS AND 
POTENTIAL FOR PREVENTION AND PROTECTION

St. C. Michaelidou,
State General Laboratory, Kimonos 44, Nicosia , Cyprus-Email stellacm@spidernet.com.cy

It is well understood today that Man is part  of the Ecosystem and its survival and future 
depends directly on the health of his surrounding environment. The sustainability of our envi-
ronment is dependent on the preservation of the biological chain and consequently on the effec-
tive prognosis and prevention of the impacts of chemicals. Pollution is mainly related to  the 
use of Chemicals which have become “essential” in our modern world. Over 100,000 chemicals 
are registered and at least one thousand of new ones are introduced  every year in the market.  
The problem of chemical pollution is becoming very serious  threatening on a global scale the 
survival of our planet.

How this cocktail of chemicals can  affect human health and the Ecosystem? Which are the 
main toxic effects? What about combine exposure to a number of chemicals ? What are the 
mechanisms for protection and prevention? This presentation will focus on these concerns and 
will try to provide some answers on how as individuals and as a society can be protected from 
these risks. Particular emphasis will be put on risks from chemicals with long term effects 
like mutagens, carcinogens and endocrine disrupting chemicals (i.e. chemicals that affect the 
genetic material,  growth, reproduction and the endocrine system). Reference will be also  made 
on possible increased risks for oncogenesis due to exposure  during childhood. 

To cope with the complex problem of chemicals, the policy of sustainable development, calls 
for effective mechanism of prognosis and prevention of the impacts of chemicals and reduction 
of their uses. To this effect two principles have to be applied :

• the principle of holistic approach by which Ecological and the Human risk identifi cation, 
management  and reduction, is dealt with  and

• the precautionary principle according to which when a reasonable evidence of hazard 
exists, actions to eliminate pollution causes could be taken without waiting for absolute 
proof.  

In the second part of the presentation reference will be made on the application of  these prin-
ciples and policies  to reduce chemical risks at  National and EU level.  
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NONYLPHENOL ETHOXYLATES AS POSSIBLE TRACERS OF RECENT 
INDUSTRIAL CONTAMINATION OF PO RIVER SEDIMENTS

Mingazzini M.1, Polesello S.1, Galassi S.2, Guzzella L.1
1 Water Research Institute, CNR, Via della Mornera 25, 20047 Brugherio (Milano) Italy

2 Department of Chemistry, Mathematics and Physics, University of Insubria, Como, Italy

The releases of many organic chemicals from industrial, urban and agricultural activities have 
lead to widespread contamination of aquatic environments. Since many of these compounds are 
likely to be associated with settling particles, aquatic sediments tend to became contaminated 
by a complex mixture of organic chemicals. 
The inability to predict the toxic potential of trace amounts of mixed chemicals makes toxicity 
bioassays essential tools to defi ne the integrated effects of contaminated sediments upon organ-
isms and aquatic ecosystems. While chemical analyses can help to provide qualitative and 
quantitative evaluation of the antropogenic contamination but cannot provide information on 
the risk associated with the sediment-borne toxicants, biological tests evaluating the potential 
sediment toxicity are still unable to discriminate between the role of the different compounds 
or the contamination sources. Therefore, the combined use of chemical and ecotoxicological 
analyses of sediments is the most effective approach for the assessment of hazardous sites and 
contamination causes. Particularly, the use of sediment solvent extracts for both, chemical anal-
ysis of organics and toxicity biotesting, provides a good opportunity to evaluate the relation-
ships linking toxic effects to chemical concentrations. However, apart from few studies where 
a special TIE procedure was used, chemical characterization of sediments usually consist of 
analyzing some classes of hydrophobic organic compounds, which may be poor indicators of 
extract toxicity. The selection of reliable indicators is thus important for the identifi cation of the 
toxic contamination sources.
Because of the surfactant properties of NPEs, NPE-containing compounds have many uses in 
a variety of industrial activities. Despite the known environmental hazard, their production, as 
well as their entry into the environment increased in EU during recent years. In this study, the 
use of NPEs as chemical tracers of industrial contamination was evaluated on Po River sedi-
ments. The river drains the most economically important area of Northern Italy, where both 
industrial and agricultural activities are possible sources of contamination. A total of 20 sedi-
ment samples were collected downstream of the confl uences of the main tributaries of the river, 
during two sampling seasons. The toxic potential of river sediments have been recently investi-
gated using solvent extracts for toxicity tests on S.capricornutum, and for PCBs, PAHs, DDTs 
and herbicide analyses. NPEs analysis, although performed later with a separate extraction pro-
cedure, was made on the same sediment samples. The NPEs concentrations detected over the 
river course were compared with the toxicity trends observed during both samplings. Relation-
ships between ecotoxicological and analytical data were also compared for the different classes 
of organics. 
A good agreement was found between NPEs and some more traditional classes of contaminats, 
suggesting the primary role of industrial sources for sediment contamination. Relationships 
between toxicity and chemical data also support the possible use of NPEs as reliable indicators 
of sediment toxicity.
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ENVIRONMENTAL IMPACT ASSESSMENT OF MAJOR PEDESTRIANIZATION 
SCHEMES THROUGH THE USE OF MODELING TECHNIQUES

C.Taxiltaris*, S.Basbas*, K. Nikolaou**, I.Tzevelekis* 
*Aristotle University of Thessaloniki, Faculty of Rural and Surveying Engineering 

Department of Transportation and Hydraulic Engineering
54006 Thessaloniki, Greece, e-mail: transp@edessa.topo.auth.gr

**Organization for the Master Plan & Environmental Protection of Thessaloniki
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The excessive use of private cars during the last decades lead to the creation of major traffi c and 
associated environmental problems in urban areas and especially in their centers. The confron-
tation of these problems include, among others, the improvement of the level of service offered 
by the Public Transport systems, the construction of the necessary infrastructure for the pedes-
trians, and the implementation of demand management measures. Especially the implementa-
tion of pedestrianization schemes in city centers aims not just to the provision of a safe environ-
ment for the pedestrians, but also to the resolvement of traffi c and environmental problems and 
to the overall improvement of the quality of life for residents, employees and visitors of an area. 
Therefore, the ex-ante evaluation of such measures is a diffi cult task due to the large number of 
the parameters involved.   

Within the framework of this paper, the environmental impact from the implementation of 
major pedestrianization schemes introduced in central areas is evaluated through the use of a 
traffi c simulation model. The model used in the research was the SATURN (Simulation and 
Assignment of Traffi c to Urban Road Networks). The road network used in the model consisted 
from 44 nodes and 110 links. The following environmental parameters are examined through 
the use of the model : CO, CO

2
, NO

x
, HC, Pb and energy consumption. 

The extent to which the road network is used is also examined, as expressed in travel distance 
(pcu*kms) and in travel time (pcu*hrs) where pcu is passenger car unit. Various alternative 
scenarios were developed, tested and assessed concerning their environmental impacts, and the 
results are presented and discussed within this paper. In addition to the model results, qualita-
tive criteria were used, where appropriate, to assist the evaluation procedure.      

The case study for which this research takes place is the city of Komotini, which is found in 
Northern Greece and has a population of 50.000 inhabitants. The city faces severe environmen-
tal and traffi c problems due to the fact that the road network is insuffi cient to serve existing 
traffi c, the use of Public Transport is limited, no environment friendly vehicles exist, and fi nally 
pedestrian trips are also limited since no adequate infrastructure exists and thus the environ-
mental and safety conditions do not promote such trips. In order to implement demand manage-
ment measures, an extensive pedestrianization scheme is examined including main streets pass-
ing nowadays through the city centre. 

Since the case study is representative of medium size cities with similar environmental and  
traffi c problems, the results are of general interest and applicability, and the same applies to the 
evaluation methodology which was followed. 
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MODELLING THERMAIKOS GULF’S DIATOMS GROWTH RATE AS A 
FUNCTION OF TEMPERATURE, LIGHT AND NUTRIENTS

D. P. Patoucheas* and S. Haritonidis**
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Thessaloniki, Greece
** Aristotle University of Thesssaloniki, Department of Biology, Division of Botany, 54006 

Thesssaloniki, Greece

A deterministic model is developed to form the infl uence of nutrients (Silicon, nitrates and 
phosphates), light and temperature on spatial and temporal changes of the diatoms growth rate 
(µ

max
) from the surface of Thermaikos Gulf. 

Temperature was considered to infl uence diatoms growth rate based on Eppley’s equation 
(1972). The mean daily temperature, T(t), of the surface water was computed as a one-year 
period cos-function with max. 27 oC and min. 6.6 oC. Light intensity, I(t), was considered 
to infl uence µ

max
 according to Steele’s equation (1962), while the mean daily light intensity 

was calculated as a function of the maximum daily light intensity (at noon) and sunshine 
duration. Nutrients were considered to infl uence µ

max
 according to Michaelis-Menten’s equa-

tion. The daily values of nutrients’ concentration, for a one year period, were estimated using 
cubic splines. Field data show that the daily values of temperature, light and silicon have no 
signifi cant differences among stations while nitrates and phosphates have. The above model 
runs using three different I

opt 
for diatoms growth and data from four stations of Thermaikos 

Gulf.
 

Model’s results show that during the year diatoms’ µ
max

 has three peaks and appears spatial 
variability. Temporal changes may be correlated with temperature, light and silicon while 
spatial variations with the heterogeneity of nitrates and phosphates concentration. Changes 
of the maximum growth rate cause continuous changes of phytoplankton composition, since 
different species dominate each time. Therefore, in the beginning of spring diatoms with small 
I

opt
 seem to be dominant, while at the end of spring and in autumn co-exist diatoms with relative 

higher I
opt

. Apart of light, the concentration of nitrates seems to play an important role during 
these periods. The growth rate takes its minimum value between July and August where the 
values of nutrients are minimum, temperature is maximum and the values of light intensity are 
signifi cant higher comparing with the optimum values. So, the limiting factors are temperature 
and light during winter and nutrients and photoihibition in summer. 
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4-AMINOANTIPYRENE SPECTROPHOTOMETRIC METHOD OF PHENOL 
ANALYSIS. STUDY OF THE REACTION PRODUCTS VIA LIQUID 

CHROMATOGRAPHY- DAD – MS

Y.C. Fiamegos, C.D. Stalikas and G.A. Pilidis
University of Ioannina, Department of Chemistry, 45110, Ioannina, Greece

Phenol analysis by liquid and gas chromatography is sensitive and selective. In a previous 
paper published by our group, the sensitivity and selectivity of the spectrophotometric method 

assay with respect to AAP, were studied.

Six 4-aminopyrazolone compounds were synthesized and their complex products with phenols 
were monitored by color intensity.

In the present work the quinonoide products formed by the reaction of the six newly synthe-
sized 4-aminopyrazolones with phenols were studied in order to fi nd out the relation between 
color intensity and structure as well as the interference from other colored by-products in the 
spectrophotometric analysis. The products formed in this reaction were analogues to those 
between 4-AAP and phenols. The condensed reaction products are analyzed by liquid chroma-
tography-diode array detection (DAD) – Thermal Beam Mass Spectrometry (TB-EI/MS) and 
Atmospheric Pressure Chemical Ionization Mass Spectrometry (APCI/MS). In all cases these 
products were analogous to the ones formed by the respective reaction between 4-AAP and 
phenols.

Diaminopyrazolones (DAP, DADP) do not form diquinone-imide structures. The amine group 
in 4 position of the pyrazolone ring seems to react more readily with phenols without allowing 
the formation of other quinonoid by-products. 

Theoretically, the 4-amino group is more reactive due its participation in a conjugated system 
present in the pyrazolone ring, which stabilizes intermediate cationic forms or radicals.

All 4-aminopyrazolones form dimers and numerous other by-products. None of them absorbs 
in the critical spectrophotometric range 420-500 nm and therefore they do not interfere in the 
implementation of the method.
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ANGUILLA ANGUILLA L. BIOCHEMICAL AND GENOTOXIC RESPONSES TO 
BENZO(A)PYRENE 

V.L. Maria 1,2, A. C. Correia 2, M.A Santos 1

1Animal Physiology/Ecotoxicology Sector, Department of Biology
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University of Aveiro, 3810-193 Aveiro, Portugal
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Anguilla anguilla L (eels) were exposed during 3, 6 and 9 days to 0 (control), 0.3, 0.9 and 2.7 
µM benzo(a)pyrene (BaP). 

Liver biotransformation induction, was measured as liver ethoxyresorufi n O-deethylase (EROD) 
activity and cytochrome P450, compared with the genotoxic effects, measured as erythrocytic 
nuclear abnormalities (ENA) and blood and liver DNA strand breaks, induced by BaP. 
The eel’s liver exhibited a highly signifi cant EROD activity increase at 3 and 6 days exposure 
to 0.3 µM BaP and at 3, 6 and 9 days exposure to 0.9 and 2.7 µM BaP. Liver P450 did not suffer 
any signifi cant increase during the experimental exposure for any BaP concentration. However, 
a signifi cant increase in liver ALT activity at 9 days exposure to 2.7 µM BaP was observed.
The liver DNA integrity measured as DNA strand breaks was signifi cantly decreased at 3 and 6 
days exposure to 0.9 and it was signifi cantly decreased at 3 days exposure to 2.7 µM BaP. 
Blood DNA integrity was signifi cantly decreased at 3 and 6 days exposure to 0.3 µM BaP and 
at 3 days to 0.9 and 2.7 µM BaP. Furthermore, the ENA frequency was signifi cantly increased 
at 6 and 9 days exposure to 0.3 µM BaP. However, ENA increased at 3 days to 0.9 µM BaP and 
at 3, 6 and 9 days exposure to 2.7 µM BaP. 

From the above results we may conclude that the blood DNA is more susceptible than liver 
DNA. to genotoxic substances namely to the liver BaP metabolites. 

Our experimental, results demonstrate that an increase in the eel’s blood and liver DNA integ-
rity corresponds either to a DNA repairing process and/or decreased genotoxic potential of BaP. 
Whereas an increased ENA frequency may correspond to a cell repairing process similar to 
healing wound process where the cell spits off the damaged DNA. The previously proposed 
experiments allowed us to relate Phase I biotransformation enzymes with different levels of 
genotoxicity biomarkers such as DNA strand-breakage and ENA frequency.
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NAPHTHALENE AND Β-NAPHTHOFLAVONE TOXICITY TO ANGUILLA 
ANGUILLA L.: EFFECTS ON HEPATIC METABOLISM AND GENOTOXICITY

M. Pacheco and M. A. Santos

Animal Physiology/Ecotoxicology Sector, Biology Department, University of Aveiro,
3810-193 Aveiro, Portugal. 

A battery of biomarkers was adopted to evaluate naphthalene (N) and β-naphthofl avone (BNF) 
effects in European eel (Anguilla anguilla L.). The assayed biomarkers include liver cyto-
chrome P450 content (P450) and ethoxyresorufi n O-deethylase (EROD) activity as indicators 
of biotransformation activation, liver alanine transaminase (ALT) activity as indicator of the 
hepatic health condition, erythrocytic nuclear abnormalities (ENA) and immature erythrocytes 
(IE) frequencies as indicators of genotoxicity and haematological dynamics disturbances, 
respectively. Eels were exposed to an N or BNF concentration range (0, 0.1, 0.3, 0.9, and 2.7 
µM) over 3, 6, and 9 days.

Both xenobiotics revealed to be strong biotransformation inducers. After 3 days exposure, liver 
EROD activity was signifi cantly increased by all N and BNF tested concentrations, exhibiting a 
similar dose-response dependency, i. e., a progressive increase up to 0.9 µM and a less accentu-
ated increase for 2.7 µM. This pattern of response was also observed for 6 and 9 days N expo-
sure. P450 was signifi cantly induced after 3 and 6 days exposure, respectively for BNF and N. 
Liver damage, expressed as liver ALT activity decrease, was observed after 6 days exposure 
to 0.9 µM BNF. Oppositely, the lowest BNF concentration increased ALT activity after 3 days 
exposure.

In terms of genotoxicity, only BNF displayed a signifi cant ENA induction. This response was 
measurable in a well-defi ned point in time. Thus, ENA frequency kept similar to the control at 3 
days exposure, exhibiting a signifi cant increase only on day 6, where a dose-response relation-
ship was clearly observed. At day 9, ENA frequencies returned to the control levels, showing 
inclusively a signifi cant decrease for 0.9 µM BNF. Concomitantly with this ENA response, IE 
frequency demonstrated a general decrease along all the experiment, indicating haematological 
disturbances able to impair the ENA expression. Despite the absence of a statistically signifi -
cant ENA induction in N-treated groups, seems to be evident an ENA increase tendency, sug-
gesting that this PAH cannot be conclusively assumed as a non-genotoxic compound.
The present results elect EROD activity, carried out in A. anguilla, as a useful short to medium-
term biomarker of exposure to both PAH and fl avonoid substances. However, some problems 
can emerge in the presence of high doses of xenobiotics. Concerning genotoxicity, it is hypoth-
esized that ENA response depends on the exhaustion of the detoxifi cation process and/or on the 
balance between erythropoiesis and erythrocytic catabolism, as well as on the fi sh DNA repair-
ing capacity.
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THE EVALUATION OF ATTENUATION PROCESS USING RISK ASSESSMENT 
METHOD

A.Skácel*, V. Riha**, J. Volf*

*-   Regional Institute of Hygiene, Partyzánské nám. 7, Ostrava, Czech Republic
**- Thurnova 7, Tábor, Czech Republic

The attenuation process is one of the ways how the natural decontamination of soil can be 
achieved. During this process the degradation of contaminants can be seen by the dechlorina-
tion of the polychlorinated hydrocarbons. During the process typical sequence of chlorination 
is detected. The composition of the mixture is developing during time and space as the „con-
tamination cloud“ moves downstream the groundwater fl ow. On this way the composition of 
the mixture predictably changes. The change of the risk of this mixture during the attenuation 
process is evaluated by Risk Assessment Method in the contribution.
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INFLUENCE OF NATURAL AND ANTHROPOGENIC SOURCES ON HEAVY 
METAL DISTRIBUTION IN URBAN SOILS – A CASE STUDY FROM NAPLES 

(CAMPANIA), SOUTHERN ITALY

R. Somma * , D. Cicchella *, B. De Vivo *

* Dipartimento di Geofi sica e Vulcanologia.Universita’ di Napoli “Federico II”. Via Mez-
zocannone n.8, Napoli 80134, Italy

In the last decades, because of the recognition of potential health risks associated with heavy 
metal pollution, many scientists involved in environmental studies have focused their interest 
on levels and behaviour of these elements both in natural and contaminated environments. The 
role of the soil processes in accumulating or mobilising metals is very important in environmen-
tal science due to the central position of the soil in the hydrological cycle and ecosystem.

The metropolitan area of Naples due to intense human activities is an emblematic area affected 
by various environmental pollution of soils and waters in addition to hydrogeological volcanic, 
seismic and bradyseismic hazards. The geology of the area is prevailently represented by vol-
canics, erupted from the Upper Pleistocene to Recent by Mt. Somma-Vesuvius on the east and 
the Campi Flegrei fi elds on the west. The morphology of the metropolitan area of Naples city 
can be subdivided in fl at areas, constituted by reworked pyroclastic terrains, and by hills origi-
nated by the overlapping of different welded pyroclastic fl ows (i.e.: Campanian Ignimbrite and 
Neapoletan Yellow Tuff) intercalated with pyroclastic deposits of different origins and ages 
(i.e.: Campi Flegrei, Mt. Somma-Vesuvius, Ischia).

In order to compile a multi-element baseline geochemical of the metropolitan area of the Napoli 
we have sampled for this study, in situ top soil and imported fi lling material (mainly soil, vol-
canic ash, pumice and scoriae). The sampling, pH and radioactivity surveys have been carried 
out on about 200 sampling sites covering an area of about 120 Km2, with a grid of 0.5 x 0.5 km 
in the urbanised downtown and 1 km x 1 km in the sub urban areas. In each site has been deter-
mined the pH and radioactivity of each soil sample. The pH values range from 5.93. to 8.21. Pb 
isotope compositions, for a selected number of samples, will be determined to discriminate the 
natural (geogenic) from the anthropogenic components in the soils. All the geochemical data 
set for the top soils of Naples metropolitan area, so far investigated, have been processed to 
compile geochemical single element distribution, R-mode factor analysis element associations 
and risk maps by means of a Geographical Information System (GIS). These maps will be 
a useful tool for land use planning; in particular, areas potentially dangerous for residential/
recreational and commercial/industrial activities will be enhanced.
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GENOTOXICITY OF THE EXTRACTS FROM COMPOSTS  OF DIFFERENT 
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C. De Simone*, U. Tomati**, E. Galli**, M. Belardinelli**,  M. Andreu**, M. Owczarek***, 
A. De Marco***.

*Istituto Sperimentale per lo Studio e la Difesa del Suolo. Sezione di Conservazione del 
Suolo. P.O. box 117. Via Casette 1, 02100 Rieti, Italy. E-mail: claudes@tin.it

** Istituto di Biochimica ed Ecofi siologia  Vegetali. Consiglio Nazionale delle Ricerche. 
Montelibretti (Roma). Italy

***Centro di Genetica Evoluzionistica Consiglio Nazionale delle Ricerche. Roma, Italy

The ever increasing population growth, industrialization processes and development of new 
chemical substances have caused a drastic increase in the presence of harmful pollutants in 
the environment. About one-third of these chemicals showed signifi cant genotoxic activity in 
different organisms. Consequentely, it is not surprising that in recent years there has been con-
cern regarding the genotoxic hazards linked to the accumulation of mutagenic substances in 
the different environmental compartments, through the release of both industrial and domestic 
wastes. 
Among the different ways of treating these wastes, compost production is an ever increasing 
practice because of its importance from both the economic and environmental  point of view.
Unfortunately, very little information is available on the possible genotoxic effects of complex 
mixtures, such as compost, on the different biological systems, while the genotoxicic properties 
of some organic and inorganic substances present in the compost are well known (e.g.  some 
heavy metals, policyclic aromatic hydrocarbons and polychlorinated biphenyls).
In the present study, the micronuclei test in Vicia faba seedlings has been used in order to assess 
the genotoxicity of both acqueous and organic (DMSO 5%) extracts  from six composts coming 
from  different starting materials: organic fraction of solid urban wastes, rumen waste sludge,  
source separated municipal solid waste, high quality municipal solid waste, olive mill pomace 
and pig slurries.
The evaluation of the genotoxic effects of the extracts was carried out by studying the frequency 
of Micronucleated cells (MC) in root meristems of Vicia faba. Micronuclei are Feulgen posi-
tive corpuscles, localized within the cell wall in the cytoplasmatic area surrounding the main 
nucleus and formed by chromosome  or chromosome fragments that are not incorporated into 
daughter nuclei at the time of cell division. Micronucleated cells frequencies were scored from 
15,000 cells (15 root tips, 1,000 cells for tip) for each experimental group. Means and standard 
errors were obtained and Student’s t test, at 0.01 level, has been used for analyzing the signifi -
cant differences among the treated groups and one untreated sample (Control).

The results from this study showed different behaviour of the compost studied, depending 
on the starting-material features: no genotoxic damage was induced by compost from olive 
mill pomace, source separated municipal solid wastes and high quality municipal solid wastes, 
whereas a signifi cant increase in MC frequency was observed when Vicia faba seedlings were 
treated with organic fraction of solid urban wastes, rumen waste sludge and pig slurries.

Finally, preliminar results seem to suggest that composting process could be able to reduce 
the genotoxic activity present in some starting-materials considered in this study.
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In Germany 360.000 tons of biodiesel (mainly rape seed oil methylester) were sold in the year 
2000. More than 500.000 tons are expected in 2001. Besides the benefi t of the CO

2
-reduction 

from regenerative fuels it is necessary to judge the environmental and health effects that derive 
from the use of biodiesel in combustion engines. 

Therefore, regulated and some important non-regulated emissions from neat fuels and from 
blends of biodiesel and fossil diesel fuel (DF) were determined. With regard to the current dis-
cussion about emissions of particles, measurements of particle size distributions, analyses of 
particulate matter, and determinations of its mutagenic effects were carried out. Moreover, the 
emissions of ozone precursors were compared for both fuels.  

Biodiesel differs in its physical properties slightly from DF. This enables the engine adaptation 
on biodiesel by software optimization for an improved combustion. For this purpose a biodiesel 
sensor was developed. Preliminary modifi cations of injection settings like injection time and 
pressure indicate the opportunity of a biodiesel optimized engine.  

In all, biodiesel leads, compared to DF, to positive and negative effects. However, the main posi-
tive aspects are the signifi cant soot and PAH reductions. Moreover, the mutagenic potency of 
its exhaust particulate matter is much lower than that originating from DF. 
On the other hand at some engines NO

x
, aldehyde, and other ozone precursors like alkenes 

increase by use of the alternative fuel. Therefore a higher ozone forming potential was observed 
during some investigations.

In course of the engine tests an oxidising catalytic converter (OCC) was used, too. It was found 
that this OCC increases the mutagenic potency of both DF and biodiesel particulate matter 
emissions. With regard to this effect the use of this OCC cannot be recommended. Current tests 
shall reveal, whether this is a singular or a general trend.
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Every year in Greece more than 300.000 tn industrial hazardous wastes (IHW) are generated. 
Main sources of IHW are a small number of large and major industrial plants such as metal, 
chemical, refi nery, cement and fertilizer industries. Those industries generate about 90% of 
IHW in Greece. About 600 small and medium size industries such as tanneries, textile dyeing 
plants, galvanizing and agricultural industries are considered to be minor sources of IHW. IHW 
are also produced by shipyards, petroleum transportation and storage activities. Generation of 
IHW in Greece is characterized by the production of small quantities and reduction of those 
quantities during last decade.

The fi rst EC Directive on hazardous and toxic wastes ( 78/319/EOK) was enforced in 1978 
and became also Greek law by the Ministerial Decision (Y.A. 72751/3054/85). This Directive 
lays down the general rules for the management of toxic and hazardous wastes. According to 
that, waste generators must ensure that the wastes they produce are properly transported and 
disposed off in a site or facility approved by a competent governmental authority. Storage, treat-
ment and disposal of hazardous wastes can be carried out only by companies that have been 
granted a relevant permit and that holders of those wastes assign storage, treatment and disposal 
of hazardous wastes only to those companies. A series of EC Directives followed the fi rst one in 
order to prevent environmental degradation. These Directives refer to transboundary shipments, 
specifi cations for temporary storage, collection, transportation, recovery/reuse, thermal treat-
ment and sanitary landfi ll, elimination of dangerous gas emissions from incineration of hazard-
ous wastes, elimination of PCB’s PCT’s and batteries containing dangerous substances.

Currently in Greece there are not any disposal facilities for IHW. The applied principal IHW 
management methods include:

- Temporary storage.
- Transportation and treatment abroad.
- Reuse, recycle, regeneration. 

Until today, the majority of the produced quantities of IHW are temporary stored in their pro-
duction sites, creating problems both for the industry and the environment.

This study presents the production processes and types of IHW produced in Greece, reviews the 
current European Union and Greek legislation and evaluates and suggests potential treatment 
methods and disposal alternatives.
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By O.M.W. (olive mill wastewater) we mean, in general, the watery residual waste coming from 
the transformation processes of the olive into oil. It contains the own olive water and the water 
from its washing and processing. The O.M.W. causes serious problems when it is poured into 
the rivers and soil. It represents an enormous organic matter addition, (COD between 40.000 
and 210.000 ppm and BOD between 10.000 and 150.000 ppm). It generates a superfi cial fi lm 
in the waterways and soil due to the oil content and its toxicity for the fl ora is remarkable. 
Other environmental problems that the O.M.W. produces are its phytotoxic effects, especially 
for the plants germination, the premature fall of the fruit and the vegetables senescence. To have 
a rough idea of the high pollutant power of the O.M.W., it can be said that the processing of 
1.000 kg of olive it causes an equivalent contamination as a population of 300-500 inhabitants. 
An additional problem in the O.M.W. purifi cation is its seasonal production. It is only generated 
for a period of fi ve months per year (from November to March) that is the time that lasts the 
picking up and mill process of the olive. Its degradation in the nature is quite diffi cult basically 
because it contains products with high antibacterial power.
All these characteristics have motivated the total prohibition in Spain of O.M.W. pouring to the 
public network since 1983, encouraging  ponds and lagoons construction for its elimination by 
natural evaporation.
Since 1993, several researchers of Valladolid University and CARTIF Technology Centre have 
studied the serious problem of the olive mill wastewater purifi cation, their possible elimination 
and use, to avoid their poured to the annoying and problematic evaporation pools. Fruit of this 
research is the development of industrial plants’ family based on a physico-chemical process. 
This has resulted in a spin-off company,  which has already  built some industrial plants, as fol-
lows:
− Mobile plant for the treatment of the OMW produced by a  three-phase system mill. It has 

been shown and operated at various industry sector exhibitions.
− In Sotoserrano (Salamanca) for the treatment of the OMW generated by a mill equipped 

with a three-phase olive milling facility of 50 tonnes/day.
− In Jimena (Jaén) for the treatment of the OMW produced by a mill equipped with a 

two-phase capacity of 100 tonnes/day.
− In Atarfe (Granada) for the treatment of the OMW produced by a mill equipped with a 

two-phase capacity of 300 tonnes/day
The paper discusses the preliminary work made with the aim to design this innovative purifi ca-
tion Plant. The main characteristics of this plant are:
 total elimination of the liquid effl uent and of the evaporation ponds, with the resulting clear-
ing of space in the mill;
 water recovery from the effl uent and its recycling;
 energy savings derived from the use of the olive stones as fuel in the purifi cation process, 
and recovery of the waste heat from water evaporation for internal use;
 total independence from fossil fuels;
 valorization of the residual cake as organic fertilizer (composting)
 use of ashes from the combustion chamber as mineral fertilizer;
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Throughout the word, the assessment of wastewater discharges or effl uents is focused on the 
precautionary principle i.e. the reduction of specifi c pollutants or substances in the framework 
of their emission policies. Chemical procedure alone can not provide suffi cient information 
on the potential harmful effects of chemicals on the aquatic environment. In other words, the 
toxicity could not be explained totally by using physical and chemical information. A toxicity 
evaluation is an important  parameter in wastewater quality and in the monitoring of discharged 
effl uents. Many effl uents are of a complex nature. This complexity limits a complete assess-
ment with chemical analysis because of lack of analytical technologies. The toxic effects of 
unknown and often undetermined substances in complex mixture or with  possible synergistic 
effects among compounds to wastewaters can be detected only by toxicity  testing. In addition 
to these, although in some cases the effl uent quality of wastewater is not violating the discharge 
limits, the wastewater could show toxicity.

Acute and conventional bioassays were done in the effl uent samples of current leather  industry 
treatment plant. The enrichment toxicity tests are novel applications and give an idea whether  
there is potential toxicity or growth limiting and stimulation conditions. Different organisms 
were used such as bacteria (Floc and Coliform bacteria) algae( Chlorella sp.), fi sh( Lepistes 
sp.)and protozoan(Vorticella sp.) to  represent four tropic levels. Furthermore, the COD frac-
tionation tests were done and the results were compared to these tests for assess the effect of 
COD subcategories such as soluble inert COD, soluble slowly and readily biodegradable COD 
on possible toxicity for leather industry. While the COD in effl uent not exceed the discharge 
limits (COD= 260 mg l-1), toxicity was determined in leather industry effl uents on day 100. 
This result was explained by high soluble inert COD level (145 mgl-1). On the other hand, 
while the COD was exceed the discharge limits, toxicity was not determined on day 1. This 
could be attributed to high slowly degradable COD ratio  in wastewater( 50% of the total solu-
ble COD  consisted of slowly hydrolyzable COD). The leather industry results showed acute 
toxicity for at least two organism in 7 out of 20 effl uent samples. The toxicity test results were 
assessed with chemical analyses such as COD, BOD,  phenol, sulfur and chromium.
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In the Mediterranean Area, the olive mill industry produces a huge quantity of wastes that can 
be considered either as a polluting stream or a resource to be recycled. If considered as a pollut-
ing wastes, they must undergo depuration before their release in the environment; if considered 
as a resource, they can be utilised as a soil conditioner, and/or as a starting material to obtain 
high value products. A wide body of literature confi rms these possibility. However, due to the 
huge quantity of waste produced yearly, land application and composting are the technologies 
which can mainly be proposed to solve the problem.

The double aspect of olive wastes generates antagonism among various political groups, mainly 
agriculture and environment ones, because of their different point of view on this topic.
Every Country has its own regulation that often vary greatly among them with a consequent 
non-uniform application of generally accepted guidelines. Due to the insuffi cient  regulation, 
there is a need of a normative that impose a common behaviour among the UE Countries. 
The preliminary points to propose  suitable laws are:

1. The knowledge of the state of the olive mill industry.
• Olivemill industry dislocation;
• Working potentiality;
• Oil extraction technologies;
• Waste production and management

2. Environmental Knowledge 
• Pedomorphological, hydrological and climatic situation;
• Agricultural practices.

3. Knowledge of technologies proposed to face waste disposal and possibility of using them in 
effi cient and economic way

4. National regulations and ecopolicy
• Protection of resources
• Re-utilisation of olive mill wastes;
• Avoidance of waste
• Environmentally compatible disposal of wastes

5. Economic valuation

The paper discusses the preliminary work made with the aim to:
 compare the regulation of the main oil producers (Spain, Italy, Greece and Portugal), taking 

into consideration the applicability of technologies in the environmental situation of every 
country , 
 elaborate common rules about the management of olivemill waste industry to propose few, 

clear and effi cient laws. 
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DEVELOPMENT OF AN INTEGRATED PLAN FOR SOLID WASTE 
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Cyprus is at the European Union pre-accession stage, therefore it needs to satisfy all require-
ments that E.U. sets in the European Environmental Policy, in order to achieve protection of 
the environment and public health. The management of solid waste is among the priorities of 
the European environmental policy, hence Cyprus it is currently developing the necessary leg-
islative framework to address this issue. The project aimed at developing an integrated action 
plan for the management of solid waste in Cyprus (hazardous and non-hazardous) taking into 
account the special features of the island. After careful consideration of the current European 
and Cypriot legislation as well as the present situation, a strategic plan of targets and actions 
is proposed for the effective and integrated management of solid waste. The main effort should 
focus on the prevention and reduction of the quantity and volume of waste, promotion of reuse 
and recycle over energy recovery and fi nal disposal. In cases where fi nal disposal is unavoid-
able, this should be made in an environmentally friendly way. A legal gap analysis between 
the Cypriot and E.U. legislation concerning waste management was carried out. The basic E.C. 
Directives as well as the main Cypriot laws were described. A specifi c legislative framework 
referring to solid waste management, which shall govern all the targets and actions, needs to be 
implemented.

The categories of solid waste that were examined are the following: (i) non-hazardous solid 
waste (household waste, packaging waste, waste from electrological and electronic equipment, 
end of life vehicles) and (ii) hazardous solid waste (industrial waste, PCBs, waste oils, batteries, 
infectious wastes). 
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IMMOBILIZED NATIVE BACTERIA AS A TOOL FOR BIOREMEDIATION OF 
SOILS AND WATERS :  IMPLEMENTATION AND MODELING
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Water and soil contamination by chlorinated and recalcitrant compounds has recently become of 
increasing concern. The relatively new concept of bioremediation provides a potentially cheap 
alternative to traditional disposal techniques in addition to representing a genuine removal of 
contaminants by microbial degradation as compared with the relocation of contaminants in 
such processes as land fi lling. The effi cient application of bioremediation projects remains to 
understand the behaviors of microorganisms involved in the degradation or removal of the 
target pollutants at the remediation sites.

The aim of this study was to perform bioremediation systems, using isolated soil bacteria able 
to degrade different herbicides: Propachlor, Simazine or Oxadiazon. Toward this goal, molecu-
lar biology technology and bacteria adaptation modeling and simulation, were applied.
 
• We have developed molecular techniques as potential tools for effi cient remediation of 

xenobiotics pollutants by natural microbial communities: a) ERIC primers were used in 
amplifi cation by PCR assays, for the general detection of bacteria used in bioremediation 
processes. b) oligonucleotide probes were designed from DNA homologous regions of 
genes involved in aromatic ring-cleavage, and specifi c Fluorescence In situ Hybridization 
(FISH) protocol was implemented.  

 
To understand and predict the behavior of bacteria and pollutants in the system, three modeling 
approaches were discussed:

• Modifi cation of the Chemostat Model (CM): in order to give account of the observed phe-
nomena in the lag phase, poisoning and adaptation to a new substrate. In our version of CM, 
a maximum (poisoning) concentration of substrate is introduced, featuring the chemical 
effects of  cellular membrane damaging. Also, our equations reproduce the increasing abil-
ity of microorganisms to get energy from a new substrate, allowing an increasing maximum 
concentration.

• Introduction  a model of nutrient- adsorption in different media. The porosity of the matrix 
medium is shown to be crucial for substrate distribution and biofi lm  formation.

Simulation with a cellular automaton, at the level of a single cell, is presented to describe the 
process of membrane permeability, considering: substrate liposolubility, adaptation and cell 
immobilization. 
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Olive tree cultivation has been an established feature for a very long time in the Mediterranean 
areas where the oil production industry yearly produces huge quantities of effl uents that can be 
either considered as a polluting waste or as a resource. If considered  as polluting wastes, they 
must undergo depuration before their release in the environment; if considered as a resource, 
they can be utilised as a soil conditioner, and/or as a starting material to obtain high value prod-
ucts. In spite of the efforts aimed at facing pollution and protecting the environment, deterio-
ration is still occurring often due to the increase of wastes, poor use of recycling and re-use 
options. An integrated approach to prevent waste production through new milling low water 
consuming technologies and transformation of olive wastes into a “quality soil conditioner” 
could be an effi cient management of a resource coming from olive mills. In fact the use of low 
water consuming technologies could reduce waste production of about 40 %. Furthermore, the 
waste produced can be easily bioremediated into a “quality” soil conditioner. The improvement 
of soil characteristics and the benefi cial effects on plant growth recorded after compost supply 
to cropland have been object  of a consistent body of investigation.

Composting and co-composting of olive mill wastes have been deeply studied from the theoreti-
cal point of view and many pilot plants demonstrated the feasibility of the process. Nowadays, 
building composting plants in real scale is not anymore a perspective, but a suitable possibility. 
The results obtained in the Italian Research Project: “Recycle of agro-industrial wastes- Sub-
project: Olive oil industry wastes”, a project mainly aimed at transferring  technologies to indus-
try, confi rm the feasibility of composting processes to be applied to bioremediated olivemill 
industry wastes  in the optic of both a sustainable agriculture and environment protection.

The paper discusses some solution proposed for composting olive by-products either near olive 
mills or on social platforms. The fi rst data about the economical aspects will also be presented.
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REMOVAL OF COLOR FROM TEXTILE WASTEWATER CONTANING AZODYES 
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Textile wastewater contains many harmful substance such as suspended solids, organic matter 
and heavy metals. It’s known there is a color problem in wastewater of textile industry. Waste-
water from dyeing is a dangerous source of environmental contamination. Because color is vis-
ible to the public even if the dye concentration is lower than other pollutants and need therefore 
to be removed from the wastewater before it is discharged 

Dyeing which is using in textile industry is getting extremely color character to wastewater. 
Lots of textile industry use pigments and dyes to its products. Wastewater that occurs in textile 
industry, generally COD, has content of solid and high amount color characteristics. Dyeing of 
dyehome wastewater is molecular characteristic and because of carrying environmetal impor-
tances, this wastewater’s treatability researches and exposing the subject of treatment altena-
tives are very important in textile industries. 
 
In this study, the oxditation processes were carried out using Fenton reagent ( Fe 2+ / H

2
O

2
 ). 

FeSO4, H
2
O

2
 was used as meterial in experiment. During the study low pH range (2-3) and dif-

ferent Fe2+ / H
2
O

2
 molar ratios were used . The aim of study is to present result concerning the 

optimization of azodyes removal of color by Fenton’s reagent. The synthetic wastewater was 
prepared by dissolving Remazol Blue RR gran, Remazol Red RR gran, Remazol Yellow RR 
gran in distiled water. Since azodyes are widely application area in textile industry, It was pref-
ered in this study. Color measurement have been made using values of indexes of transparancy 
parameter. Values of indexes of transparancy = DFZ (Durchsichtsfarbzahl) in accordance to the 
EN ISO 7887 standards were measured by taking absorbances in 436, 525 and 620 nm. DFZ 
values were calculated from these measurement.

Fenton’s reagent reactions were conducted in a 1000 mL round-bottom fl ask. The fl ask was 
maintained at 250C with a recirculating about and shielded from light with aluminium foil. 

Consequently, the method of Fenton is predicted to be succesful in removal of color.  
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Most of substances causing water pollution are organic in nature. These substances are biologi-
cally reduced, stabilized by microorganisms and become harmless for environment. Organics 
are converted into inorganic food elements, as a result of biological activities. Activated sludge 
system is a process whose aim is to remove organik matters in aerobic conditions.
 
The most important parameter affecting on system performance and activity is the ratio 
between S substrate concentration and X microorganism concentration, that is S/X (or Food/
Microorganism = F/M) .While microorganisms decomposing organic substances, and synthe-
sizing new cells they produce new products that can not be completely decomposed (inert).

The aim of this paper is to investigate whether it is possible or not to develope a mathematical 
model that can be used for estimation of inert product formation in the activate sludge system 
with the aid of experimental studies depending on different S

0
/X

0
 ratios of initial sustrate and 

biomass concentrations.

Experimental studies were carried out in twenty fi ve reactors consisting of a set of fi ve reac-
tors fed with glucose; each containing 100 mg/L, 200 mg/L, 300 mg/L, 400 mg/L and  500 
mg/L  initial Chemical Oxygen Demand (COD) concentrations respectively for each of 100 
mg/L, 200 mg/L, 300 mg/L, 400 mg/L and 500 mg/L initial microorganisms concentrations. 
The experimentation programme went on almost two years.
 
The results of S (COD), X(Biomass), C(Glucose) and S

R
 (Residual Product) values, from each 

reactors, together with the F/M ratio are given. It is observed that generally whole parameters 
affected by F/M ratios. The kinetic coeffi cients like K

s
, µ

m
, Y and S

R
 parameters, which were 

found by the solution of equation using of least squares method were expressed in terms of F/M 
ratio. Equation were fi tted to experimental data using MATHCAD programme, it was observed 
that there was a good correlation.
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ENVIRONMENTAL CHARACTERISATION OF MIXED ORGANIC/INORGANIC 
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Characterisation of industrial wastes containing inorganic/organic contaminants is a complex 
task, where the normalisation of environmental assessment procedures show many technical 
and scientifi c problems to be solved. From the extensive group of industrial wastes with com-
plex composition, foundry sludges is an interesting example. They are one the most important 
wastes from foundry activities. The foundry sludges, are generated from gas wet cleaning treat-
ment, which are characterised as hazardous wastes by the European waste catalogue, 2000 that 
assigns them the code 100213*. Furthermore, in previous works, taking into account the Span-
ish regulation, the foundry sludges were found to be ecotoxic wastes, due to organic compounds 
such as phenol and organic carbon, and inorganic compounds such as Zn and other metallic 
elements.
Environmental assessment regulatory procedures based on leaching tests, which allowing to 
characterise the environmental behaviour of the waste, have been typically the TCLP and DIN 
38414-S4. Taking into account the classifi cation of tests has been adopted recently by the CEN 
(European Committee for Standardisation), the leaching tests can be classifi ed in relation to 
practise as “characterisation tests” aimed at understanding the leaching behaviour of materi-
als, “compliance tests”, which are generally of much shorter duration that are aimed at a direct 
comparison with regulatory threshold, and fi nally “on site verifi cation” tests are used as a rapid 
check. In this context, the leaching test for granular material and sludges, prEN 12457, at com-
pliance level has been proposed, it is now publicity available for comment. This standard is 
based on different liquid to solid (L/S) ratios and distilled water as extractor fl uid. The driving 
force behind this standard was the European Directive on the landfi ll of waste.
Leaching test results can be expressed either as leachate concentration (mg/l) or a constituent 
release (mg/kg of solid material). The basis selected for expressing leaching results should be 
based on the type of data comparison, which is desired. Regulatory test results are expressed 
most often as leachate concentrations for comparison with limit values but do not always 
take into account the underlying basis for the release phenomena which are observed. Results 
expressed as leachate concentrations permit, when the phenomenon that controls the leaching 
is the solubility, the comparison with the legislated limit. But, when the availability controls the 
leaching and for comparison of the data obtained at different liquid-to-solid ratios,  it is neces-
sary to outline a transformation of measured concentrations into mass release (mg/kg). 
In this work, leaching behaviour the foundry sludges using the compliance test prEN 12457 
have been studied. Results show the solubility versus availability control of leaching. Data 
expressed in mg/kg refl ect availability control, when data for different L/S ratios coincide 
(organic compounds). Data expressed in mg/l refl ect solubility control when data for different 
L/S ratios coincide (metallic compounds). It can be concluded that it should be discussed (e.g. 
as waste acceptance criteria for landfi lls) what the appropriate limit values should be set.
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An environmental problem of the foundry activities is the management of industrial wastes 
from different processes. The foundry sludges from gas wet cleaning treatment, containing 
organic and inorganic compounds and, a high content of water (50%) are characterised as haz-
ardous wastes by the European Waste Catalogue, 2000 (1), assigning them the code 10 02 13*. 
Due to their characteristics, they can be managed using different Stabilisation/Solidifi cation 
(S/S) technologies prior to land disposal. Different mixtures of cement (or lime) and siliceous 
additives (silica fume, sodium silicate, silicic acid and siliceous resin sand) were used as bind-
ers. The purpose of their use is to acidify the S/S products, and at the same time, to promote 
the formation of metallic silicates. Acidifying the mixtures, it is expected to achieve a range of 
pH where, hydroxides from amphoteric metals exhibit a minimum solubility. It is known from 
the literature that the addition of suitable amounts of siliceous materials drives to the forma-
tion of metallic silicates instead of the corresponding hydroxides. The solubility of these spe-
cies is minimum in a wider range of pH. To check if metallic silicates were formed, the Acid 
Neutralisation Capacity test, standardised by the Wastewater Technology Centre (WTC) was 
carried out. This test allows to know the metal concentration in the leachate vs pH. Besides, 
with the purpose of achieving a low cost process, siliceous resin sand was used.

The purpose of the present work was to develop new S/S formulations based on the use of 
mixtures of cement (or lime) and several siliceous materials as additives. This is to control the 
mobility of amphoteric metals, mainly Zn, in both leaching tests using distillate water (DIN 
38414-S4 and prEN 12457), and acidic solutions (TCLP), at the same time, to keep the rest of 
the parameters below the European suggested regulations. Consequently, the S/S products were 
characterised by the determination of ecotoxicity, EC

50
, of the TCLP leachates and the chemical 

characterisation of TCLP and DIN-38414-S4 leachates. 

It is concluded that the best results were obtained using mixtures of cement and sodium silicate 
as binding material. In this system, a silicate amount range of 6 to 10 percent (in the total mix-
ture) gives optimum leachability. It reduces the mobility of the amphoteric, mainly metal Zn 
in both types of tests, and also of the TOC (Total Organic Carbon), another parameter to be 
controlled in the sludge. Therefore, it is relevant to indicate that landfi lling of S/S products is 
allowed for several fi eld conditions.



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Waste Technologies E5
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In the wood-processing industry huge amounts of wood residues arise. These untreated or 
treated wood residues and chipboards have to be disposed of. In the past a great part of them 
was deposited on landfi lls. But it is more advisable to utilize the thermal energy by incinera-
tion of this material. When combusted in small-scale wood kilns up to 1 MW only the emis sion 
of CO and NO

x
 are regulated after the German Immission Prevention Act (BImSchG). As fi lter 

systems to remove emissions from such wood kilns would not be economic we tested the effects 
of primary technical measures on the reduction of pollutants formed.

Two different kilns were under investigation: An underfeed stoker with a power output of 250 
kW of which the geometry of the furnace chamber and the boiler were altered, and a pre-oven 
system with a power output of 65 kW in which the full and partial load operations were tested. 
Different types of wood residues were burned and CO, NO

x
, PCDD/F, and PAH were analy zed 

in fl ue gases. After cooling down the systems ashes from several parts of the kilns were col-
lected and also analyzed for the semivolatile pollutants PCDD/F and PAH as well as for macro 
and trace elements in the fractioned ash particles. The latter were performed to look for the 
infl uence of inorganic wood preservatives on the basis of chromium, copper, and boron (CKB) 
as catalysts on the formation of PCDD/F and PAH.

Results obtained indicated a complex relation between the incineration parameters, emission 
of CO and NO

x
, and the formation of PCDD/F and PAH, as well. Whereas the limit value of 

500 mg/m3 for NO
x
 after German Clean Air Act (TA Luft) could be met in the 250 kW kiln 0.1 

ng/m3 I-TEQ for PCDD/F in fl ue gases of waste incine ra tors (17. BImSchV) was exceed ed in 
all experiments. CO concentrations were in the range of 30-134 mg/m3. Boiler ashes were con-
taminated up to 5,000 ng/kg I-TEQ PCDD/F. These were lower in ashes of the pre-oven system 
(1,000 ng/kg I-TEQ PCDD/F at maximum) and exceeded the limit value in fl ue gases just in 
one experiment. Concentrations of CO (88-771 mg/m3) and NO

x
 increased synchronously, com-

pared with the 250 kW kiln. It could be shown that an optimization of the combustion param-
eters for low emissions of CO and NO

x
 did not necessarily resulted in the reduction of PCDD/F 

and PAH, and vice versa.

Analyses of sieve fractions (< 20 – 500 µm) of chip board ashes for TOC, PAH, macro, and 
trace elements showed that concentrations of PAH and trace elements increased with decreas-
ing particle sizes. TOC content was higher in the larger particles indicating that the latter were 
mainly formed of unburned wood constituents.
This R&D project was supported by the German Environmental Foundation (DBU - Deutsche 
Bundesstiftung Umwelt; Az.: 08206).
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Aqueous processes containing lime are commonly used in desulphurization applications. How-
ever, problems in aqueous processes force as to study this desulphurization further. To remove 
SO

2
 from fl ue gas better besides lime containing aqueous processes, there is continuing need 

for processes which is not effected from CO
2
 in the fl ue gas. 

In this study, Sepiolite mineral, a natural adsorbent found in rich deposits around Eskisehir-
Sivrihisar region of Turkey, is used to adsorb SO

2
 from fl ue gas. For this purpose, a 40 liters 

premixed gas mixture containing 2000 ppm SO
2
, %10 CO

2
, %10 O

2
 and %80 N

2
 and laboratory 

scale adsorption coloum  was used in this study. Relation ship between the particle size 
of adsorbent ( <38µ, 38-53µ, >53µ) and activation temperature with respect to SO

2 
hold-up 

capacity was investigated. Changes in the states of adsorbent after SO
2
 adsorption and in their 

natural state were studied by means of an IR spectrometry. It was found that SO
2
 adsorption 

capacity increases as the particle size decrease and also adsorption capacity increased on the 
temperature of activation increased, and adsorption capacity reached the maximum around 
200oC then after capacity decreased. At 200oC, highest adsorption was 2.996 mg SO

2
/g 

sepiolite.  
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Many xenobiotics, widely diffused in the environment, have the potential to disrupt the delicate 
balance of the endocrine system of wildlife and humans. Substances showing hormone-like 
actions in the living organisms are defi ned EDCs and may mimic, block or interfere with the 
synthesis, release, transport, elimination and binding of natural hormones. Since the normal 
functions of all organ systems are regulated by endocrine factors, small disturbances in endo-
crine functions, in particular during certain stages of the life cycle such as development, preg-
nancy, and lactation, can lead to profound and long-lasting effects. Various investigations have 
shown that endocrine disruptors are products of industry and may get into human body through-
out the water supplies.
Two different ecotoxicological studies have been developed and applied to screen for the dis-
charge of toxic and estrogenic substances in aquatic environment from a small industrial waste-
water treatment plant in Northern Italy.  24h  samples of wastewater were taken in parallel from 
different points of the plant: infl uent, 3 stages of the treatment and effl uent.
Untreated samples, collected in the same point, were assayed with two toxicity test: the Micro-
tox™ and Daphnia magna, recentely approved by Italian regulatory laws for testing wastewater 
effl uent limits. After solid phase extraction of 1 l sewage samples on 1g C18 (ENV+), simplifi ed 
proliferation test with human estrogen receptor-positive MCF-7 breast cancer cells (E-screen 
assay) was performed for the sensitive quantitative determination of total estrogenic activity. 
In the E-screen assay the growth of the MCF-7 cells is strictly dependent on the concentration 
of estrogens in the culture medium, so that the presence of estrogenic substances can be evalu-
ated by measuring the proliferation rate in cells exposed to environment samples. Cells are 
plated into 24-well plates, after 24hr the seeding medium was removed and replaced by experi-
mental medium with different dilution of the sample extracts. This quantitative assay compares 
the cells number achieved, after six days, by similar inocula of MCF-7 cells  in the absence 
of estrogens (negative control) and in the presence of 17β-estradiol at different concentration: 
10-8,-10,-12 M (positive control).The bioassay was terminated by removing the media from the 
wells and then the proliferation was estimated by the assorbance at 595nm after crystal violet 
coloration. A blank sample was prepared and it did not induce cell proliferation. As addittive 
behaviour of the estrogenic response 4-nonylphenol, DSE and benzylbuthylphtalato (sustaces 
suspected to e estrogenic, 5µM) were proven.
The relative sensitivity of the Microtox assay, employing the marine bacterium Vibrio fi scheri, 
was evaluated for its applicability in monitoring wastewater for toxicity. The results of the 
Microtox assay after 5, 15, and 30 min of exposure, were compared with data obtained from 
whole effl uent toxicity testing (WET) methods that employed Daphnia magna.
All samples induced cell proliferation in a dose-dependent manner. The proliferative effect of 
the fi ve points, relative to the positive control 17β-estradiol (RPE) was between 2 and 65% 
while that of the substances (4-nonylphenol, DSE and benzylbuthylphtalato) between 30 and 
85%. The  Microtox assay results showed a toxicity only for the infl uent point.
A fi rst comparison between results from estrogenic activity and toxicity load was performed.
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In recent years, multicomponent activated sludge models have been used instead of conven-
tional activated sludge models containing both substrate and biomass. The importance of the 
using of multicomponent models have increased due to either explanation of activated sludge 
systems or determination of wastewater characterization. 

Studies done in recent years showed that most of the concentration of soluble organic matter in 
the effl uent of treatment systems contained soluble microbial products which occurred during 
biological treatment. In addition to the experimental studies, mathematical models were devel-
oped to explain product formation. For the developing of model, equation of reaction rate repre-
santing better the present situation in the system were selected. 

In connection with the approaches in literature, a mathematical model that is used for estimat-
ing effl uent COD concentration in dispersed media has been developed in this study.  The death-
regeneration approach, an approach of multicomponent activated sludge models that contain 
the formation of soluble inert organic matter in activated sludge systems with which carbon oxi-
dized, was used. Because the differential equations developed for dispersed media were insolv-
able, the system represented with in-series reactor approach, death-regeneration and hydrolysis 
concepts advised in IAWPRC Task Group Model were employed.
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TREATABILITY AND RECYLING STUDIES ON THE WASTEWATER OF THE 
TEXTILE DYEING FACTORIES IN BURSA 
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 Dept. of Environmental Eng., Görükle, Bursa, Turkiye
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Textile industry, one of the most rapidly developing industrial branch in Turkey, plays an impor-
tant role because of large amount of wastewater consuming and pollutants parameters. The 
main pollution source of wastewater comes from the dyeing and fi nishing processes. The dye-
stuff and polyvinyl alcohol (PVA) are the main refractory organics of concern in terms of meet-
ing more stringent effl uent standards of COD and color.

In this study, textile dyeing factories wastewaters were characterized in Bursa. Parallel to this 
characterization studies physical, chemical, biological and advanced treatability studies were 
carried out in wastewater. In physical and chemical treatability studies, %60-80 COD, %80 SS 
and %70-90 color removal effi ciencies were obtained. In biological treatability studies, %90 
COD, %40 SS and %80 color removal were obtained. The initial soluble inert COD of wastewa-
ter was determined by using the comparison methods. Color removal studies were carried out 
on effl uent  for recyling by different chemicals such as hydrogen peroxide, sodium hypocloride 
and activated carbon. %50-90 color removal effi ciencies were obtained.
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ENVIRONMENTAL PROBLEMS FROM THE USE OF SMALL RIVERS FOR THE 
DISPOSAL OF INDUSTRIAL EFFLUENTS.

M.Dassenakis1, F. Botsou1, G. Depiazi1, M. Kontomari1, M. Scoullos1, K. Kachiasvili2, 
C.Chikviladje2

 University of Athens, Department of Chemistry, Section III, Panepistimiopolis,  15771 
Athens , Greece, tel +30-1-7274269, e-mail: edasenak@cc.uoa.gr

 Environmental Protection Ministry, Department of Hydrometeorology, National Center 
of Environmental Monitoring, 150 D.Agmashenebeli Av., 380012, Tbilisi, Georgia

The use of small rivers and streams for the disposal of partly treated or untreated urban or 
industrial effl uents is a common practice in many Mediterranean and Black Sea countries. This 
practice causes a lot of signifi cant environmental problems in the area of disposal but also in the 
downstream-located areas. In this study, based on projects sponsored by INTAS orgainization 
and Greek Secretary for Research and Technology we tried to compare two cases of such rivers 
as it concerns the effects of the disposal of pollutants to their estuaries 
Asopos River, near Athens is the fi rst case. Its length is about 50km and it outfl ows to the 
south Euvoikos gulf where there are a lot of touristic places and also some aquacultures. It 
receives the liquid effl uents (about 10000 m3/day) from about 80 industries, like metallurgies, 
food industries, chemical industries, tanneries, poultry and cattle farms, piggeries, textile and 
paint factories etc. Increased problems are observed during summer when the natural fl ow of 
the river is minimised .
A similar case, as it concerns the industrial pollution is the one of river Kubitskali in Georgia. 
It is also a small river (mean fl ow about 1.5m3/sec) which fl ows through the city of Batumi 
and its estuary is in the Black Sea. Its length is about 6.5Km. The effl uents of some industries 
pollute it and mainly the effl uents of one big refi nery, which is located near its estuary into the 
city of Batumi, which is the main port of Georgia. The effl uents of the river affect the coastal 
environment of the city, which is also used for swimming and fi shing. 
During 1999-2000 period two samplings took place in every river, one in the, low fl ow and one 
high fl ow period. Water and sediment samples were collected and analysed for metals, nutri-
ents, hydrocarbons and organic load. Parameters like pH, temperature, dissolved oxygen, and 
conductivity were measured in situ. The results of the measurements in combination with the 
information that we have collected about the main polluting sources in the studied rivers have 
given very useful information about the environmental problems of both rivers.
Although some treatment plants have been established in industries near Asopos river the pol-
luting load that is transferred through the river to the coastal area of Oropos is still high. A 
signifi cant percentage of the pollutants are in particulate form and are settled to coastal sedi-
ments. The concentration of dissolved oxygen is low and there is apparent danger for the estua-
rine ecosystems. In the Georgian river also, an increased polluting load has been determined, 
although the most industries in the area are out of work.. The percentage of particulate pollut-
ants was lower than in Asopos, the dissolved oxygen higher. It is clear that in both cases a differ-
ent management is needed in order to achieve both better environmental quality and economic 
development. The data of our study indicate some urgent actions in order to prevent further 
environmental deterioration.  
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CATALYTIC EFFECTS OF FE(III) DURING IN THE OXYGENATION OF FE(II) IN 
CONTINUOUS FLOW IRON REMOVAL SYSTEMS

N.Tufekci  and  G.Demir

     University of Istanbul, Faculty of Engineering,
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34850 Avcilar - Istanbul, Turkey
e-mail: demirg@istanbul.edu.tr

It is known that the oxygenation of ferrous iron is catalyzed by the reaction product, ferric 
hydroxide.  Catalytic action of the ferric iron sludges on the oxidation of ferrous iron by aera-
tion has been identifi ed and the kinetics of this catalytic reaction has been formulated by the 
authours.  The oxidation of  Fe(II)  was studied in batch reactors in which the concentration of  
Fe(III)  was in the range of  0-600 mg/lt .  It has been experimentally demonsrated that there 
is no signifi cant effect of Fe(III) on the ferrous ýron oxidation at Fe(III) concentrations beyond 
600 mg/lt.

However, in natural waters Fe(II) is found commonly to be  in the range of 0.01-10 mg/lt. These 
ferrous  iron concentrations are not high enough to maintain  the high levels of  ferric iron  
in the  aeration  tank .Therefore,similar to the activated sludge  processes used in wastewater 
treatment,it is suggested that  the required  Fe(III) concentrations  can be maintained by recy-
cling Fe(OH)

3
 sludge  back to the aeration  tank.

In this study, an iron removal process which makes the use of the catalytic effect of ferric iron 
is proposed.  For this propose, a lab scale continuous fl ow aeration/sedimentation unit with or 
without recycle was built.  The aim of the study was to verify the validity of the fi ndings of 
the batch type oxidation experiments for also continuous fl ow conditions.  The effi ciency of 
oxidation was about  57-79% when the  system was operated without recycle.  Fe(II) removal 
effi ciencies were increased to 80-89 %, 90-97 % and 98-99.6%, for the recycle ratios of  50 %, 
80% and 100% respectively.  The increase of the Fe(II) removals were explained by an increase 
of ferric concentration in the aeration tank as a result of recycling.  The higher the Fe(III) con-
centration in the aeration tank the better was the Fe(II) removal effi ciency upto  to the Fe(III) 
concentration of 300mg/l.  Beyond this level, no signifi cant increase in removal effi ciency of 
ferrous iron was observed with increasing ferric iron concentration.
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One of the methods for removing Fe(II) from drinking water is the oxidation of Fe(II) by atmos-
pheric oxygen and precipitating in the Fe(OH)

3
 form.  Catalytic effect of Fe(OH)

3
 on the oxi-

dation of Fe(II) has been investigated by several researchers (Tamura, 1976; Sarikaya,1990; 
Tüfekci, 1996).  In this work, the catalytic effect of Fe(OH)

3
 slurries on the oxidation of Fe(II) 

was studied at various pH values using a batch reactor.  Reaction kinetics was studied at three 
different pH values (pH= 6.2, 6.5, 6.7) and Fe(OH)

3
 concentrations ranging from 0 to 1000 

mg/l.  Reaction rate constant (kcat) was found to increase linearly with increasing Fe(III) con-
centrations up to 500 - 600 mg/l and decreased with further increases.  The model developed for 
batch system was applied to a continuous system.  The results have shown that smaller reactors  
can be used due to catalytic effect of Fe(OH)

3
 on Fe(II) oxidation.
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In oxygen-free aquatic environments, such as groundwaters and hypolimnetic waters of 
eutrophic lakes, manganese exists predominantly in the manganese state Mn(II). In these 
waters, certain natural organic compounds like humic material also exist. The aim of this study 
is to fi nd out the effect of tannic acid and acetic acid on the stabilizing Mn(II) to Mn(IV). 
Experimental studies have been carried out in two stages in a batch system. In the fi rst stage, 
the catalytic effect of Mn(IV) on manganese oxidation by atmospheric oxygen is studied for the 
range of 0-300 mg/l Mn(IV) concentrations, keeping Mn(II)=25 mg/l. It has been found that 
k

cat
 increases linearly with increasing Mn(IV) concentration up to about 300 mg/l. In the second 

stage, it has been studied how oxidation of Mn(II) and catalytic effect of Mn(IV) are effected 
from tannic acid and acetic acid. The results of this stage are tannic acid comoletely inhibited 
the oxidation of manganese, acetic acid had no observable effect on the oxidation reaction.
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PCP (Pentachlorophenol) and PCNB (Pentachloronitrobenzene) are included among potential 
environmental pollutant due to their strongly durable aromatic structures with chlorine groups. 
In order to minimize negative effects of these material used in large quantities as fungicide, 
a study was made on determination of their biological break-down rates and respective condi-
tions thereof. White rot fungi (Phanerochaete chrysosporium) is used in determination of bio-
logical breakdown. Culture medium containing basic nutrients and tracing items are utilized at 
the experimental work performed. pH rating of culture  medium adjusted to 5. PCP, PCNB and 
fungi were added to the culture medium of 50 ml volume in separate containers with desired 
consistency. PCP and PCNB are added to culture medium by solving in acetone. These erlen-
meyer fl asks were left to incubation at 35 0C for measurement at specifi c times. In order to 
investigate the effect of the utilized solvent to  the effi ciency of the biological degradation, 10 
times more solvent was  used while  PCP and PCNB were added to the culture medium. Results 
were compared with the trials in which the solvents were utilized as minimum.

By the end of 21 day incubation, It was observed  that the  used solvent inhibited the  biologi-
cal degradation of PCP and PCNB dramatically and accordingly decreased  the amount of the 
formation of biomass.
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Biofi ltration is a promising technology involving the passage of a polluted air stream through a 
packed-bed containing micro-organisms that are able to degrade pollutants into harmless prod-
ucts. This technology has signifi cant economic advantages over other air pollution control tech-
nologies. The operating/energy costs and the relative capital cost are low, the removal effi cien-
cies exceed 90%, the system operates at ambient temperature and the by-products are harm-
less or even reusable. The “heart” of a biofi ltration system is the fi lter bed or packing material, 
which provides a nutrient source, a method of attachment for micro-organisms and, frequently, 
its own microbial population. This material should have the following characteristics: (1) high 
moisture retention capacity, (2) high porosity and high buffer capacity, (3) high available nutri-
ent content, (4) a diverse and adaptable microbial population, (5) low cost, (6) and long life 
(mechanically resistant and chemically inert and stable). The effects of continuous biofi lter 
operation on the physical and chemical properties of the packing material are poorly described 
in literature. Furthermore, the changes involved in the system should be carefully studied as this 
information will determine the lifespan and suitability of the packing bed and the possible fi nal 
use of this material after biofi ltration.
The main objective of this work was to study the composition of the leaching solution obtained 
from a selected support material after different periods of operation in a biofi lter used for 
H

2
S degradation. The support material used in this study consisted of a compost made of pig 

manure and sawdust and extruded into pellets in order to reduce pressure drop. This material 
was packed into a plastic material bioreactor, with an inner diameter of 0.1 m and height of 1 m 
divided into three sections of 0.33 m each. At the laboratory, we used a synthetic raw gas stream 
which was generated by mixing H

2
Spure gas (Liquid Air, purity 99%) with prehumidifi ed air. 

The in-fl ow H
2
S concentration varied from 50 to 250 ppmv.  

In order to study leaching problems from the support material, the metal content in the pellets 
was measured before their use in the biofi lter and after continuous operation for several weeks. 
The content of non-essential metals such as lead, cobalt and nickel in the original pellets 
was 21, 11 and 22 µg per gram of dry material. These values  were low enough so as not 
to inhibit biological activity. Other essential elements for wildlife like copper and zinc, were 
present in important amounts (156 and 506 µg/g dry compost respectively) which, although 
necessary for microbial development, could lixiviate from the reactor. . Elements like iron 
(6294 µg/g), sodium (5647µg/g), potassium (22692 µg/g), calcium (60074 µg/g) and magne-
sium (7552 µg/g) were the main ones in the original support and their lixiviation could cause 
relevant pH changes in the system. 
Acknowledgments: The authors wish to thank the Government of the Basque Country 
(Fondo Euskadi-Aquitania-Navarra 98-00) and the University of the Basque Country (UPV 
112.345-EA108/98) for providing the funding for this work, and the company SLIR for provid-
ing the packing material.
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AS(III) REMOVAL DURING BIOLOGICAL OXIDATION OF IRON 
FROM GROUNDWATER

I. Katsoyiannis and A. Zouboulis
Aristotle University of Thessaloniki, Department of Chemistry, 
Division of Chemical Technology, Thessaloniki 54006, Greece

The use of biological treatment as a potential method for the simultaneous arsenic and iron 
removal from contaminated groundwater was investigated. The method was based on the 
growth of certain species of indigenous bacteria, belonging to the Gallionella and Leptothrix 
genus, which are capable of oxidizing iron cations. Iron was completely oxidized by the bac-
teria and removed from the aqueous stream by 99%, through its transformation to insoluble 
oxides and its removal by a suitable fi ltering device (polystyrene beads). Arsenic was found 
to be removed by 99%, depending on the applied conditions of redox potential and dissolved 
oxygen.

The above treatment method offers several advantages towards conventional physicochemical 
treatment techniques, as it is more economic and environmental friendly, due to the simultane-
ous removal of iron and arsenic and to the fact that any additional use of chemical reagents can 
be avoided, while there is no need for monitoring of a breakthrough point.
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Ion exchange process technologies have commonly been used in some applications i.e. dem-
ineralization, softening and dealkalization as standard water treatment processes. Deminerali-
zation is the process of removing dissolved ionic impurities from water. Basically, deminerali-
zation is a two-step process treatment with both cation and anion resins. The infl uent water is 
passed through a column of strong-acid cation exchange resin in the hydrogen form to exchange 
the infl uent salts. The corresponding acids are then removed by passing the cation effl uent 
through a column of anion exchange resin in the hyroxide form to replace the anions in solu-
tion.

Certain changes appear in the ion exchange material during its lifetime, as it cycles from regen-
erated to exhausted form. These changes frequently due to by fouling of ion exchange resins. 
When water containing objectionable substances comes into contact with resin, impurities 
could clog pores and coat resin surface. In that case, the ion exchange mechanism can become 
inhibited, producing poor water quality and quantity and decreasing the resin’s operating life 
span.

Almost all water supplies contain iron. This metal precipitate may be created by corrosion and 
picked up from piping, tanks, regenerating vessels and other equipments. Iron fouling of dem-
ineralizer ion exchange process results in an increase in the effl uent level of iron, reduction 
in operating capacity, or possibly a reduction in backwash effi ciency under identical operating 
conditions. Because of pore clogging and the degradation of functional groups, particularly iron 
fouling of anion resins must be prevented.

In this study, the changes on the operating capacity of demineralizer ion exchange process in 
the presence of iron ions were investigated. 
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The present investigation was planed to gain information about the removal effi ciency of 
an experimental wastewater treatment plant (Wastewater Stabilization Ponds), designed by 
N.AG.RE.F. (National Agriculture Research Foundation). The system comprised of three inde-
pendent triplet-lines of W.S.P. (A, B, C) through which the sewage was sequentially transferred 
with total retention time 60-75 days. The fi rst pond of each line has a depth of 1.75m and a 
volume of 1380m3 and the second and third ponds have a depth of 1.25m and a volume of 
900m3. The A-line receives preprocessed wastewater from the Municipal wastewater treatment 
plant, which fi rst goes to an anaerobic pond. C-line receives wastewater after undergoing pri-
mary treatment. Biological, physical and chemical parameters were studied on ponds of triplet 
lines A and C during September 1999 – April 2000. Temperature, phytoplankton biomass, pH 
and dissolved oxygen concentration seemed to have a signifi cant infl uence in removal effi -
ciency for both lines. According to these conditions, PO

4
 removal in A and C line varied from 

20-86% and 9.7-80% respectively. Ammonia removal ranged from 9-86% (A) and 19-89% (C). 
COD and TSS acquired negatives values when phytoplankton biomass was increasing in the 
ponds. Finally, the H

2
S removal ranged from 50-89% (A) and 40-92% (C) according to the 

Purple-sulfur bacteria biomass that was dominant when anoxic and sulfi de-rich conditions pre-
vailed in the ponds.  



11th International Symposium on „Environmental Pollution and its Impact on Life in the Mediterranean Region“

Waste Technologies E19

AN INVESTIGATION OF CATALYTIC DECOMPOSITION OF HYDROGEN 
PEROXIDE BY IRON IN WATER TREATMENT

A. Latifoglu and Ahmet Kılıç

Environmental Engineering Department , Hacettepe University, Beytepe, 06532, Ankara, 
Turkey

Catalytic oxidation processes have been demonstrated to be quite effective for the removal of 
various synthetic and natural organic compounds (trihalomethane precursors) in water. The 
effectiveness of these processes are attributed to the generation of highly reactive and non-
selective hydroxyl radicals by the catalytic decomposition of the common oxidants. Among 
these catalytic oxidation processes, the combination of hydrogen peroxide in the presence of 
iron oxide has been under investigation in recent years, for the removal of synthetic organics 
in water. The previous results indicated that the process could remove synthetic organics from 
water. On the other hand, its treatment potential for the removal of trihalomethane precursors 
has not been investigated yet. Upon chlorination, humic substances have been indicated to be 
the trihalomethane producers in natural water. 

In this research, catalytic reactions of hydrogen peroxide with iron oxide particles in the pres-
ence of humic substances was examined in order to provide an insight to the treatment poten-
tial of the process for the trihalomethane precursors. For this purpose, catalytic decomposition 
characteristics of hydrogen proxide and the corresponding changes in the UV absorbances 
related to the concentration of humic substances was investigated at various operational condi-
tions and water quality characteristics. The experiments were conducted in the solutions at vari-
ous dosages of hydrogen peroxide and iron oxide and concentrations humic acid and inorganic 
carbon and pH values. Granular geothite, (α−FeOOH) with a size range of 30 to 80 mesh was 
used in the study. Commercial humic acid was purchased from Aldrich Chemical Company. 
Experiments were conducted in batch reactors containing 500 ml of synthetic solutions that 
was mixed throughly for uniform distribution. Samples were withdrawn from the solutions at 
specifi c time intervals and fi ltered through Whatman No.1 size fi lter paper to seperate the iron 
oxide particles from the solution. Then, fi ltrate was analyzed for the hydrogen peroxide and 
dissolved iron concentrations,  and UV absorbances. Based on the experimental observations, 
decomposition kinetics were determined and the reactions in the process have been evaluated.

The results indicated that hydrogen peroxide was decomposed on iron oxide in the presence of 
humic acid.  Compared to the decomposition characteristics in the absence of humics (based 
on the previous studies of other reserachers), decomposition rate of hydrogen peroxide was 
observed to be decreased in the presence of humic substances.  The application of various dos-
ages of hydrogen peroxide did not affect the decomposition rate signifi cantly. On the other 
hand, increase in iron oxide dosages increased the decomposition rate of hydrogen peroxide. 
The effect of pH, inorganic carbon and humic substance concentrations was observed not to 
be substantial on the rate of decomposition. The UV light absorbances of the solutions were 
observed to be slightly affected during the experiments. 
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and 
Dipl.-Ing. Georg Niehaus (Fa. Egger, Brilon, Germany).

For the production of particle boards and MDF-boards used in the furniture industry the com-
pany Egger in Brilon needs steam and electricity. This steam and electricity is produced in a 
power plant consisting among other plants of two 100 t/h steamgene- rators with circulating 
fl uidized beds combusting waste wood derived from waste furniture and production waste like 
wood dust from grinding the boards.

For start up oil or gas can be used.

The special design of the fl uidized bed are the separation bars instead of cyclones, which are 
now installed after the combustion chamber before the convective superheater and economiser 
tube banks and the multiple cyclone before the gilled tube economiser.

In the paper the problems of the initially not cooled separation bars are described, which led via 
several design stages to the totally cooled design, which is now in satisfactory operation since 
more than two years.

Also other changes like a cooled ash recirculation pipe with a siphon from the seperation bars 
to the bottom of the combustion chamber, evaporator panels in the combustion chamber and  a 
so called open nozzle bottom are described.

The non symetric arrangement of the ash rearculation led to some problems concerning the 
emission limits, which could initially not kept all at once. After some changes in the overfi re air 
also these problems could be solved, so that  the steam generators are now operating satisfacto-
rily since more than one year.
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 Any material sited on the earth surface has a specifi c spectral response as   result of the 
reaction between the object and the incident electromagnetic energy. Until recently, not many 
results have been published concerning the spectral response of uncontrolled landfi ll sites and 
its relationship with electromagnetic energy. The way in which satellite detectors register emit-
ted radiation from waste has not been  well known to scientists.
 In order to fi nd out and fi nally register the spectral response of solid wastes not covered with 
soil we worked on fi eld research and selected as a case study area Lesvos island, Greece. 
The disposed satellite image was taken on 26 August 1999 by satellite Landsat TM covering the 
whole island of Lesvos. We worked on 13 uncontrolled landfi ll sites. 
The fi eld and computer analysis showed that waste reaches a spectral response different from 
the neighboring land covers. In addition, supervised classifi cation procedure, using specifi c 
remote sensing software, incorporates all the uncontrolled landfi lls in one class.  
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The coagulation process is a versatile method used in: i) drinking water production, ii) indus-
trial and domestic wastewater treatment, iii) sludge conditioning, iv) hazardous wastewater 
treatment. Coagulation is mainly based on the use of Al(III) or Fe(IIII) metal salts alone or with 
the combination of calcium salts and the use of polyelectrolyte as fl occulants. Coagulant and 
fl occulant dosages vary in a wide range aiming at maximum removal effi ciency of pollutants 
using minimum (optimum) dosages at optimum pH. 
S. Giovanni a Teduccio wastewater treatment plant was initially designed in 1960 as a classi-
cal biological treatment plant, in 1970’s the necessity of the enlargement of the system upon 
the infl ow increase was implemented by changing system to chemical treatment process con-
sidering the lack of space. The present system includes screen, sand grinder, oil removal, 
coagulation/fl occulation /sedimentation units, disinfection using hypochlorite, mechanical 
dewatering, thermal sludge conditioning following a disposal to the landfi ll area.
Infl uent chemical characteristics of the plant, representing a medium-sized municipal waste-
water including industrial and urban drainage wastewater, are calculated on the basis of 
mean and standard deviations of 34 measurements as: infl ow rate=198±89 m3/h; pH=8±0.2 ; 
COD=448±170 mg/l; TSS=153 ±75 mg/l; BOD

5
=139±69 mg/l; T-P=4±1,5 mg/l; NO

3
¯=30±6.3 

mg/l; NH
4

+=32±12 mg/l; Org-N=7±7 mg/l; Fe=1±0.7 mg/l, Cd=0.3±0.5 mg/l; Ni=0.4±0.3 
mg/l; and Pb=2±0.2 mg/l. On the other hand, effl uent chemical characteristics are obtained as: 
pH=8; COD=211±61 mg/l; TSS=69±26 mg/l; BOD

5
=87±17 mg/l; T-P=3±3 mg/l; NO

3
¯=22±6 

mg/l; NH
4

+=24±10 mg/l; Org-N=4±2 mg/l; Fe=1±1 mg/l, Cd=0.2±0 mg/l; Ni=0.4±0.3 mg/l; 
and Pb=2±1 mg/l. Frequency analysis COD measurements were 680 mg/l and 280 mg/l at a 
90 % of time in infl uent and effl uent, respectively. Besides, microbiological parameters were 
measured in infl uent as: 10.7*106; 5.5*106; 1,7*106 and effl uent wastewater after disinfection 
as, 8.2*106; 4.3*106; 0.7*106 of total coliforms, fecal coli and Streptococcus faecalis.
Italian water quality control discharge limits allow to have 160 mg/l of COD and 80 mg/l of 
TSS before discharging to the receiving water. Thus, this study was designed to improve the 
removal effi ciency of the system. A series of Jar-test experiments with 1 min for rapid mixing, 
20 min for slow mixing and 30 min for sedimentation, was conducted on 15 samples having 
COD and TSS contents varying between 215-380 mg/l and 100-150 mg/l, respectively. Al and 
Fe salts were tested at different pH values varying between 4-10 for Al and 5-8 for Fe salts and 
coagulant dosages were chosen as 150 and 450 mg/l considering proper COD/coagulant ratios. 
Although each coagulant provided high COD and TSS removal effi ciencies between 45-90 % in 
accordance with the literature, it is concluded that the maximum removal effi ciency providing 
discharge limits is obtained for the combination of FeSO

4
.7H

2
O + Ca(OH)

2 
even at a concentra-

tion of (150 + 50) mg/l using the same polyelectrolyte at a concentration of 12 mg/l  at pH 8. 
Meanwhile, in the plant 200 mg/l of FeSO

4
.7H

2
O is being used with the addition of 60 mg/l 

Ca(OH)
2 
at pH 8-9, the required effi ciencies are not obtained upon the technical application 

problems including non existency of an automated system.
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OPERATIONAL PROBLEMS IN SMALL WASTEWATER TREATMENT PLANTS:
A CASE STUDY

Süreyya Meriç , Eser Ökten , Deniz Kaptan, Süleyman Övez
Istanbul Technical University, Civil Engineering Faculty , Envinron. Engineering Depart., 
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Small wastewater treatment plants are designed to serve for 1000-10000 population equivalent 
and a basic characteristic of them, many operational problems, including bulking and foaming, 
occur because of the infl ow fl uctuations.

The plant is located in Silivri which is a town of Istanbul at a distance about 65 km in the SW 
direction for serving around 7 thousands population equivalent living in an apartment block 
district. In fact, Silivri maintown has a physical treatment following a deep sea discharge line. 
But, the future capacity for the year 2020, has been already reached by unexpected population 
increase because of a huge amount of imigration. So, the apartments had to solve their wastewa-
ter problem locally. During the EIA phase, the best ultimate disposal alternative was consid-
ered to be the disposal to the river fl owing nearby as far as the effl uent characteristics of the 
biological treatment plant which are the following: COD=170 mg/l, BOD

5 
= 50 mg/l, SS = 200 

mg/l, oil and grease= 30 mg/l, NO
3

-= 5 mg/l, Total phosphorous (T-P) = 1 mg/l and NH
3
-N=0.2 

mg/l meet the receiving water standards. The plant was designed as activated sludge system 
assuming 10 days of sludge age and 8 hrs of hydraulic retention time. Infl uent BOD

5
 was also 

assumed as 240 mg/l while effl uent characteristics would be COD=100 mg/l, BOD
5
=50 mg/l, 

SS=15 mg/l, TKN=10 mg/l which would be lower than limits. In fi ve years of total operational 
period, especially in summer season odour problem, sludge bulking, aeration capacity decrease 
resulting in a decrease of sludge activity  with respect to low system performance obtained were 
observed.

Including April- June, 2001, a wastewater characterisation study was realized parallel with   
microbial population examinations, and fl uctuations in infl ow. Chemical analysis showed that 
infl ow was presenting a strong domestic wastewater character as refereed by Metcalf&Eddy 
(1995) in tems of COD, BOD

5
, SS, TKN and T-P parameters which were measured in a range of 

500-700 mg/l, 250-400 mg/l, 190-220 mg/l, 70-85 mg/l, and 9-15 mg/l respectively. The infl ow 
rate  was changing daily and also hourly which was tried to compansate by a balancing tank 
of 12 hrs retention time. Moreover, the infl ow ratio was higher than expected which means that 
system was under overloading. Although system performance is still high in terms of carbon-
based substrate removal (> 90 %), discarge limits were not provided  especially for N and P 
parameters related to the microbiological examinations showing us there was a high density 
of Nocardia bacteria which is the most signifi cant evidence of foaming and bulking and an 
occurance of low or high SVI and low MLVSS/MLSS ratio. For the improvement of the system 
effi ency and to solve the other operational problems, different approaches were applied includ-
ing increasing of return sludge ratio, incresing of oxygen concentration in the aeration basins 
which provided an increse in removal effi ciency parallely to a better microbial population.   
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EFFECT OF THREE ORGANIC WASTES ON THE ADSORPTION BEHAVIOUR OF 
NORFLURAZON IN SOILS
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Norfl urazon is a selective herbicide effective against many annual broad-leaved weeds. Its 
retention in soils is related to the organic matter, being subject to considerable leaching in sandy 
soils with low organic matter content. 
Application of organic wastes to soils can be a good method to reduce pesticide losses due to 
leaching processes, and also has been generally accepted as a disposal practice that recycles 
benefi cial plant nutrients. However, a wide diversity of organic wastes can be applied on soils 
of very different characteristics, and the behaviour of these systems with respect to pesticides 
adsorption can be also very different. For this reason, the aim of this study was to asses the 
infl uence of three organic waste amendments on norfl urazon adsorption-desorption processes 
in several soils with very different properties, as a fi rst step to evaluate the potential leaching of 
this pesticide through organic fertilised soils. 
Three organic amendments were used: a commercial product manufactured from olive mill 
wastewater and other plant residues, an urban waste compost, and  wastes from paper industry. 
The organic carbon amendment of the soils was carried out by mixing thoroughly, during 24 
hours, 300 g of the original soil with 20 g of the three amendments. The amended soils were 
used immediately after preparation and also after aging during two months at 37ºC, adding 
water periodically. 
Quadruplicate adsorption experiments were done by mixing 10 g of the native and amended 
soils with 20 mL of  0.01 M Ca(NO

3
)

2
 solutions, containing various concentrations (4, 8, 12, 

16, 20 mg L-1) of norfl urazon. After shaking for 24 h at 20 ± 1 ºC, the suspensions were cen-
trifuged and the concentration of norfl urazon in the supernatant was determined. Desorption 
experiments were performed after adsorption equilibrium was reached, by removing half of the 
supernatant after centrifugation, replacing it by 10 mL of 0.01 M Ca(NO

3
)

2
 solution, allowing 

equilibration for an additional 24-h period, and after that operating as in the adsorption experi-
ment. This process was repeated twice more.
As a consequence of the basic pH of the residues, the soil pH was higher after the addition of 
the waste fertilisers. The OM content of the soils also increased after fertilisation, but decreases 
a little after ageing.
Norfl urazon adsorption increases in some of the fertilised soils, specially in those soils with 
a very low OM content, but decreases in those soils that adsorbed a high amount of pesticide 
before fertiliser addition. The effect of the different waste fertilisers added on norfl urazon 
adsorption depends on the properties of the soil in which it is applied.   
Norfl urazon desorption increases in all cases in fertilised soils in comparison to pesticide des-
orption from native soils, even in those fertilised soils in which the pesticide adsorption was 
very high. The waste fertiliser that gave a higher norfl urazon desorption was the urban waste 
compost.  
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CHEMICAL ANALYSIS OF SEDIMENTS OF THE WASTEWATER TREATMENT
PLANT IN MOBARAKEH STEEL COMPANY

K. Movassaghi, M. Alavi, and M. Talebi
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A huge amounts of sediments are producing in wastewater plants in Mobarakeh steel factory 
every year. In order to investigate reusing and adverse environmental effects of these sludges, a 
chemical analysis and determination of heavy metals was performed.(1)

In this work, several samples from the sediments of wastewater treatment plant of the factory 
were collected. A mechanical sedimentation was performed for fractionation separation. Sev-
eral samples were digested with a mixture of HNO

3
 and HF. The extracts were analysed for Pb, 

Cd, Cr, Ni, Zn, Mo, and Al.(2) The determination were carried out on a Varian-Techtron, Model 
A-1000 atomic absorption spectrometer. Table 1 indicates the results of this determination.

                 Table 1: Concentrations of heavy metals in wastewater treatment plant sludge 
                                                                    (µg/g).

 Element Concentration
 Pb 33
 Cd 3.8
 Cr 37.8
 Ni 79
 Zn 300
 Mo --
 Al 540

Identifi cation of different phases in the sediments were also performed by using SEM and EDX 
techniques. As a result the sediments can not be used in agricultural any more and these sedi-
ments should be disposal in a suitable manner. 

References:

1) Y. P. de Pena, M. Gallego, and M. Valcacel, Talanta, 1995, 42, 211.

2) C. M. Davidson, A. L. Duncan, D. Littlejohn, A. M. Ure, and L. G. Gordon, Anal. Chim. 
Acta, 1998, 45, 336.
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DISPOSAL SITE

S.Nemlioglu, C.Bayat, M.Borat, G.Demir, and B.Soyhan

University of Istanbul, Faculty of Engineering,
Department of Environmental Engineering, 

34850 Avcilar - Istanbul, Turkey
E-mail: snemli@istanbul.edu.tr

Istanbul is one of the biggest cities in Mediterranean Region. Because of huge number of its 
population there are massive amount of solid waste in Istanbul. Major portion of this solid 
waste contains organic substances. Because of this phenomenon vast amount of landfi ll gas 
is produced by solid waste in Istanbul. For example Kemerburgaz that is a major solid waste 
disposal site in Istanbul there are some important landfi ll gas emissions. In this study some of 
landfi ll gas emission data were given and evaluated on environmental impacts.
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The buildings fi eld, for his particular nature, represents one of the most dangerous activity for 
the worker’s health and safety.
The present research showed that most labour accidents happen both for initial choices carried 
out before the beginning of works – it is necessary, for this reason, to carry out the survey about 
safety and health already in the fi rst phase of the project – and the extremely variety of duties 
of workers which is frequently the cause of a dangerous and irrational works.
It was noticed that the italian situation related to the accidents, even lethal, in this fi eld – 
although the current regulations about prevention and safety – is however worrying.
Often the fi rms consider the safety as an added cost or a mass of bonds and so they don’t respect 
the law.

The general factors of risk are related to the necessity to guarantee the safety of workers and the 
hygiene of work sites. The most frequent risk are mechanic, electric, biological, microclimatic, 
fi re and exposure to chemical products (with corrosive, toxic, harmful, irritating, properties, 
etc,) and to pollutans substances (for instance the Persistent Organic Pollutans –POP), etc.
The fundamental aspects related to “diseconomies” and “disaffections” are neglected – more 
than primary aspects related to human safeguard which proceed from a default of a “safety 
culture”.

An other cause of accidents, sometimes even lethal, is related to imprudence or distraction. 
Besides the “habit” stands in the way of workers to choose a safe behaviour. 
To reach an opportune knowledge in this fi eld it is necessary to involve political and managerial 
forces.

Particularly the aim of the present research, starting form a thorough examination of national 
and european regulations about the legal-institutional and technical-environmental aspects of 
the “building site-directive”, is to set up the necessary conditions in order to interpret the D.Lgs. 
494/96 – awaiting a supplementary and corrective legal intervention – considering the purpose 
of the directive and getting the planned result, following the constant leanings of the Court of 
Justice of the European Union.
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The present study is addressed to depict the present state of the industrial waste management 
in the greater area of Thessaloniki and to suggest methods for their treatment. It presents the 
Greek and European legislation. The main industrial wastes were estimated and the state of the 
art regarding the production and disposal of the industrial wastes in Thessaloniki is presented. 
It was resulted that the major quantities of waste concern phosphogypsum, anhydrous gypsum, 
used catalysts, olive ginning waste, and acid alkali sludge. Methods for their treatment are rec-
ommended.
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Landfi lling has been a common practice of management of wastes. However, this provokes an 
important environmental impact when technical considerations are not taken into account.

In this work is assessed the environmental impact that an iron activity from Northern Spain 
causes when wastes from its process are disposed into lagoons. Several areas adjacent to the 
plant were excavated and sludges and waste water were transported into the excavation. Little 
attention was paid originally to the characteristics of deposited wastes and the technical condi-
tions of soil.

A preliminary research was performed to characterise the wastes originated at the factory. Sub-
sequently, the environmental effect of these wastes deposited in the lagoons was evaluated. The 
methodology of characterisation has been performed following the criteria of Spanish and UE 
regulations. Physical and chemical parameters (moisture, heavy metals, Total Organic Carbon, 
phenolic compounds and cyanides) have been analysed. Besides, the ecotoxicity of samples has 
also been determined.

It is important to note the sampling methodology made on the lagoons in order to obtain a reli-
able information. Techniques used in sampling of soils and sediments have been applied.
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Olive mill wastewater (OMW), a toxic effl uent from the olive oil production, constitutes a 
major environmental problem, especially in the Mediterranean countries. OMW is a mixture 
of oily compounds, inorganic salts and water, containing large amounts of sugars, phenolic 
compounds, tannins, polyalcohols, fatty acids and lipids. As a result, OMW are highly toxic 
towards microorganisms and plants and several studies have been performed in order to develop 
an effi cient method for their treatment. However, until now, no economically acceptable method 
for OMW treatment has been found. The aim of this study is to determine an effective biologi-
cal method for the treatment of OMW by developing specifi c aerobic and anaerobic microor-
ganisms, to study their optimum growth conditions and to investigate a number of solid natural 
materials acting as supports for the biodegradation of toxic substances.

OWM samples were collected from an olive oil mill located in Thessaloniki, Northern Greece. 
From these samples several microorganisms were isolated, including 19 aerobic and 3 anaero-
bic species and their growth was observed in contact with wastewater samples for 1-2 months. 
Among the aerobic microorganisms, 11 of them were able to grow up in the presence of OMW. 
However, different growth patterns were observed for these microorganisms, ranging from very 
fast values (4 hours) to slower ones due to differences in the acclimatization period. In addition, 
the use of cellulose rich materials as microorganisms support, resulted in the enhancement of 
toxic substances biodegradation and in an effi cient OMW treatment.
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Activated sludge systems are widely used in wastewater treatments currently. Considering 
water quality management, not only organic carbon removal, but also nutrient removal are 
important for stringent water discharge  standarts. Therefore, the activated sludge systems are 
widely used both carbon and nitrogen and phosphorus removal in new wastewater treatment 
systems or upgrading of existed systems. The determination of system compounds and kinetic 
parameters for modeling of these systems are important. For this purpose, the respirometric 
measurements are used in order to show electron consumption rate of biomass.

In order to determinete OUR (oxygen utilization rate) and NUR (nitrate utilization rate) param-
eters, the lab-scale activated sludge including anaerobic anoxic and aerobic zones was used. 
Firstly, the performance of the system was continously controlled from infl uent and effl uent 
samples. OUR and NUR measurements gave an idea about the this kind of nitrogen-phosphorus 
removal systems. Moreover, P uptake in the anoxic zone was investigated. It was found that 
phosphorus uptake in the anaerobic zone was related to substrat type consumed biologically. 
OUR and NUR measurement were observed lower compered to continous activated sludge 
measurements. This could be considered that mix culture of the system affected the system 
performance, due to competition of denitrifi cation bacteria and poly-P  bacteria. 
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The phenomenon of anoxic phosphate uptake with simultaneous denitrifi cation was studied. 
Experiments have  been carried out with biological nutrient removal in a single sludge sys-
tems by using the activated sludge samples from the modifi cations of nutrient removal acti-
vated sludge systems. The lab-scale reactor allows nitrifi cation, denitrifi cation and phosphorus 
removal after alternatively by adding anaerobic, anoxic zone prior to activated sludge system. 
The aim of the study was to evaluate the denitrifi cation behaviour in biological excess phospho-
rus removal (BEPR) activated sludge systems. Based on experimental study, the performance 
of the system for the KOI, NH

4
 and phosphorus parameters was reported. The study indicate 

that a signifi cant fraction of the poly-P organisms can use as an electron acceptor in the absence 
of oxygen for oxidation of stored PHB and simultaneous uptake of phosphorus. 
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 Conventional systems used wastewater treatments are based on the use of the activities 
of the both immobilized and suspended systems in order to remove of carbonaceous and nitrog-
enous compounds. The immobilized cells act important factor for removing of the organic and 
inorganic compounds from domestic and industrial plants. The biofi lm or fi xed fi lm reactors are 
widespread form of immobilized cells for wastewater treatment. They are known with high spe-
cifi c surface area since they have high level of liquid fl ow and partly easy of operating skills.
In this paper, the fi xed fi lm column reactor was used with the Paracoccus denitrifi cans  
(hetetrophic microorganism) pure culture for the nitrate included wastewater denitrifi cation. 
Microorganism was immobilized by using support material as pumice fi lling materials. 

Pumice was used as fi lter material and artifi cial components were used for the preparation of 
feeding solution and the effect different carbon sources (ethanol, methanol, acetate acid, glu-
cose), process and nitrate removal rate were examined. The best nitrate removal rate and opti-
mum C/N ratio was observed with methanol and 3, respectively. 
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Industrial wastes are able to transfer pollutants to the Environment. The waste  contact with 
surface  and ground water allows the toxic components of the waste to leach out at fi nite rate. 
In order to predict the migration of pollutants,  leaching tests have been developed to study 
the environmental risks and to set standard values for the  management of wastes. However, a 
leaching test cannot provide information about the complexity of the interactions between the 
waste, the liquid phase and the type of soil, but it provides a characterisation of the wastes in 
terms of solubility and an evaluation of the soluble fraction of the main pollutants. Nowadays, 
the development of leaching tests in EU is  one of the main tasks in the characterisation of 
wastes. There are three areas under current  research: basic characterisation tests, compliance 
tests and on-site verifi cation tests. 

It has been  carried out a comparative study  on  the  characterisation of Electric Arc Furnace  
Dust (EAFD) following four different acidic leaching tests. As leaching agents have  been used 
HCl, H

2
SO

4
, HNO

3
 and acetic acid, the parameters evaluated on Leachates were: pH, conduc-

tivity, potential redox and concentration of 11 metals: Cd, Cr, Pb, Cu, Ni, Zn, Al, Ca, Fe, Mn 
and Si.

Results allow a better understanding of the heavy metals mobility from EAFD, industrial 
waste.
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Some organic and inorganics at toxic levels have been detected in industrial discharges resulting 
in plant upsets and discharge permit violations. In addition to this, even though in some cases 
the effl uent wastewater does not exceed the discharge limits, the results of toxicity tests show 
potential toxicity. The chlorinated organics present in effl uent from kraft mills employing either 
chlorine or chlorine dioxide in the bleaching process has become a matter of concern due to its 
recalcitrance to biological degradation, toxicity to aquatic species, genotoxicity and potential 
to accumulate in the body of a variety of organics. The environmental effect of halogenated 
organic pollutants have long been the subject of vigorous legislative control and research. They 
are not only poorly destroyed by conventional biological treatment but also reduce the effective-
ness of the process. AOX removal has been reported as 30-35%  in the aerobic treatment and 
40-45% in  the anaerobic treatment systems. Chlorine bleachery effl uent are considered toxic to 
the environment owing their highly structured formation under chlorinated phenolic contents. 

In this study, it was aimed to investigate the acute toxicity of kraft bleachingl industry wastewa-
ters by traditional and enrichment toxicity tests and emphasize the importance of toxicity tests 
in wastewater discharge regulations. The enrichment toxicity tests are novel applications and 
give an idea whether  there is potential toxicity or growth limiting and stimulation conditions. 
Different organisms were used such as bacteria (Floc and Coliform bacteria) algae( Chlorella 
sp.), fi sh( Lepistes sp.)and protozoan(Vorticella sp.) to  represent four tropic levels. The  toxic-
ity test results of kraft  bleaching  industry  showed acute toxicity for at least one organism in 7 
out of 20 effl uent samples. The toxicity test results were assessed with chemical analyses such 
as COD, BOD, color and AOX. It was observed that the toxicity of the effl uents could not be 
explained by using physicochemical analyses in 4 cases for kraft bleaching industry. The results 
clearly showed that the use of bioassay tests produce additional information about the toxicity 
potential of industrial discharges and effl uents.
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The mechanical olive oil extraction process generates huge amounts (3.0 x 107 m3 per year) of 
an effl uent, usually termed olive mill wastewater (OMW). Currently, seasonal land-spreading 
of this effl uent represents the major tendency in several Mediterranean countries. The main 
environmental risks associated to this disposal practice are due to the high organic load and 
the signifi cant presence of phenolic components of OMW. The concentration of the phenolic 
fraction may widely range from 1 to 10 g L-1, depending on the cultivar, the harvesting season 
and the extraction process. Phytotoxic effects as well as antibacterial activity have been associ-
ated with the phenolic fraction. Consequently, the fate of phenols is one of the main informing 
criteria to evaluate the effi cacy of a OMW disposal treatment. Therefore, the choice of appropri-
ate biological agents to perform OMW treatment has to take into account the intrinsic capability 
of the selected microorganism to degrade aromatics.
Fungi belonging to the ecological group of white-rot basidiomycetes have developed a non-
specifi c radical-based degradation mechanism of aromatics based on extracellular enzymes and 
low-molecular weight agents. In fact, several white-rot species and/or their oxidative enzymes 
proved to be capable of degrading OMW phenols and to effi ciently decolourise the effl uent 
(Pérez, et al., 1987; Sayadi & Ellouz, 1995; D’Annibale et al., 1998; 2000). 
In the present study, the degradative capability of the white-rot basidiomycete Panus tigrinus 
CBS 577-79 in the aerobic treatment of OMW was assessed under different submerged bio-
process conditions  (shaken fl asks, stirred-tank and air-lift bioreactors) and the kinetics of phe-
nols and COD removal, decolorization were investigated. In particular, when using a 2-l stirred 
tank reactor, the effect of  different regimes of agitation (250, 500 and 750 rpm at 1.0 vvm) 
and aeration (0.5, 1 and 1.5 vvm at 500 rpm) on the depolluting capability of the fungus was 
investigated. 
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In this study, the concentration measurements of atmospheric pollutants for a thirteen year 
period, in  a industrial area in north western Greece, are analyzed. The analysis of the measure-
ments is focused on the assessment of air quality levels by using environmental indicators. The 
Pollutant Standards Index (PSI) is calculated and the spatial and temporal variation of the PSI 
is studied for this particular location. From the analysis an attempt is made in order to provide 
information about air quality levels, which are identifi ed by descriptors relevant to the health of 
the population.
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Ion exchange resins have been used to treat and improve the quality of water and wastewater 
throughout the world for well over 40 years. Ion exchange resins are not only used to improve 
the quality of potable waters, which affects our daily lives, but their use is critical in the devel-
opment of new technologies, such as the nuclear power and semiconductor industries, where 
high purity water is an essential part of the process.

Ion exchange resin can be contaminated because the ion exchange process depends upon ions 
transferring from an aqueous solution to the insoluble ion exchange resin and upon the subse-
quent elution (removal) of these ions from the resin with the regenerant solution. This exchange 
takes place not only on the surface of the resin particle, but also within the interior of the 
resin. If the pores are clogged by deposits, or if the resin surface is coated by inert matter, ion 
exchange capacity is reduced and water quality from the ion exchange unit is impaired. In some 
cases, the ion exchange resins become so fouled or deteriorated that replacement with new resin 
is necessary. Therefore it causes economical loses.

In this study, the changes on the capacity of ion exchangers because of oil fouling were inves-
tigated. Oil very rarely reaches to the ion exchangers via water continuously. More often, oil 
trickles from pumps or mixing into water by accident bring about oil fouling. In the case of 
oil fouling, whatever the source is, pores can be fi lled up and plugged by the oil and, during 
regeneration, this plugging can not be reserved. Since the ion exchange centres inside the ion 
exchange beads were blocked this blockage causes a drop in the capacity. Fouling of strong 
acidic ion exchangers with oil (0.5, 1.0 and 2.0 mL) results in a decrease in operating capacity 
of 11%. This means that even at low concentrations oil fouling leads to loss in the operating 
capacities. Fouling of strong basic ion exchangers results in a decrease in operating capacity of 
31 – 32%. The high capacity loss by strong basic exchangers is an expected result, because its 
known that generally basic ion exchangers are less stabil than strong ion exchangers.
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Phytoremediation is gaining increased attention for treatment of organic wastewater. Con-
structed wetland is one of the techniques, which practice phytoremediation to remedy polluted 
ecosystems. The effectiveness of the constructed wetland in treating an artifi cial 2,4,6-trini-
trotoluene (TNT) contaminated wastewater was examined in this study under the addition of 
sucrose as cosubstrate and aeration. 

TNT contaminated wastewater was treated in a surface fl ow constructed wetland. The con-
structed wetland consists of a cascade, which contains four steel tanks fi lled with lava and 
planted with Typha spp. and Scirpus lacustris. Sucrose was used as cosubstrate to stimulate 
the removal of TNT with constructed wetland. Results showed that only 91% of the TNT was 
decreased after passage of  the fi rst tank under the conditions of without sucrose as cosub-
strate. In contrast, with the addition of sucrose as cosubstrate, more than 99.8% of the TNT 
was removed after passage of the fi rst tank, which achieved by passage of two tanks under the 
conditions of without sucrose. In the viewpoint of practical applicant, the use of sucrose as 
cosubstrate can reduce treatment facilities and save the constructed area and provide a cost-
effective wastewater treatment technology. 

The effect of aeration on TNT removal with constructed wetland was also examined, no signifi -
cant difference was found between the experiment with aeration and without aeration. The main 
extractable metabolites were Aminodinitrotoluenes (4A2,6-DNT and 2A4,6-DNT). In addition, 
Dinitrotoluenes (2,6-DNT and 2,4-DNT) were detected as metabolites of TNT. 

The adsorption of TNT and its metabolites on Lava can be neglected. The highest level of TNT 
and its metabolites in plant materials was found in stems. 

It is determined that it is necessary and effective to introduce co-substrate into phytoremedia-
tion of TNT wastewater treatment. Further investigations should be performed to study other 
cheaper external carbon sources such as molasses as cosubstrate.
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Industrial activities consume a huge amount of resources and energy, and discharge enormous 
emissions to the environment. Those emissions are causing various local and global environ-
mental pollution problems. It is needless to say that minimization of pollutants from industrial 
activities is of great importance in the future. From this recognition the idea of sustainable 
development has arisen. The chemical industry can contribute decisively to this guiding princi-
ple.
The harmful effects of wastewaters on receiving streams, caused by insuffi cient quality of effl u-
ents, inadequate dimensioning and overloading of present treatment plants, as well as the trends 
of science and technology call for improvement of the treatment technologies, development of 
advanced treatment processes and above all for waste minimization in industrial processes to 
meet the increasing water quality standards.
The organic chemicals and synthetic fi bres industry is of importance in terms of its impact to 
the environment. Wastewaters are generally strong and may contain toxic parameters. Treat-
ment of these wastewaters requires combination of several stages of conventional as well as 
advanced methods of treatment. In-plant controls and recoveries are important for pollution 
control. Other alternative of wastewater management such as transfer to a central plant is also 
possible. 
We were faced with wastewater from a chemical factory that produces raw materials for vari-
ous industries: high pressure and technical laminates, different melamine- and urea-formalde-
hyde resins, impregnated textile materials and foils. The wastewater (of maximum fl ow rate 40 
m3/day) is discharged into the sewerage system and treated in a municipal wastewater treatment 
plant. The effl uent was highly polluted with organic substances, was toxic to aquatic organisms 
and therefore did not meet the prescribed criteria for its discharge into the sewerage system. 
Consequently, the factory was facing a requirement to reduce pollution, especially of toxic 
components, and to determine actions necessary to achieve compliance with effl uent limits. 
The purpose of this research was to evaluate the effect of lab-scale effl uent pretreatment includ-
ing different stages: physico-chemical treatment (precipitation and fl occulation with FeCl

3
 and 

organic polyelectrolyte) and biological batch reactor treatment with adapted activated sludge. 
As characterization of the harmful properties of effl uent was a critical element in our assess-
ment and a key element of strategy, it was necessary to rely on a specifi c chemical characterisia-
tion and whole effl uent toxicity tests with Daphnia magna, bacteria Vibrio fi scheri and activated 
sludge organisms. Comparative results showed the reduction of pollution in physico-chemical 
treated effl uent due to removal of inert waste resins, while evident reduction of toxicity in bio-
logically treated effl uent was attributed to decrease of priority pollutants formaldehyde, metha-
nol and buthanol. The fi nal quality of effl uent met standards for discharge into the sewerage 
system.
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AEROBIC BIOLOGICAL WASTEWATER TREATMENT PLANT
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In many developed countries, toxicity and biodegradability tests on an industrial effl uent are 
required to ensure that the discharge will not have adverse impacts on the aquatic organisms 
in the receiving water. Because majority of the wastewaters pass through some kind of a treat-
ment before entering the surface waters, a reliable wastewater characterization is a perequisite 
for an acceptable treatment strategy. The widely used biological treatment could be drastically 
affected by changes in wastewater composition and properties, which in spite of an egalisation 
basins could fl uctuate due to the batch processes in the industry. The aim of our work was to 
determine the impact of two different industrial wastewaters to the municipal wastewater treat-
ment plant. We selected two wastewaters: wastewater from the pig farm and wastewaters from 
metals industry. Both effl uents are treated in municipal wastewater treatment plant (6000 m3 of 
aeration basin with activated sludge, hydraulic retention time (HRT) = 6-7 hours) which treats 
58 % of municipal wastewater and 42 % of industrial one (annual average volumetric load). 
Besides wastewater from the pig farm (2 %) and metals industry (9.9 %), there is also a signifi -
cant load of the wastewater from textile, pharmaceutical and variety of other industries. 

The impact of both wastewaters on biological treatment plant was evaluated on the basis of 
whole effl uents. Random grab samples of both wastewaters were analysed, TOC, COD, BOD

5
, 

concentrations of nitrogen, phosphorous and suspended solids were determinated, using stand-
ardized methods. We performed toxicity studies with mixed culture of microorganisms, col-
lected in the aeration basin of the plant (activated sludge) and determined toxicity of wastewa-
ters with measurement of inhibition of oxygen consumption after addition of different concen-
tration of the wastewater (ISO 8192, 1986) and we measured growth inhibition after 3 hours 
exposure of microorganisms to wastewater (ISO 15522, 1998). Biodegradability was deter-
mined in a closed respirometer, where oxygen uptake and carbon dioxide release were simulta-
neously measured 28 days. Experiment was accomplished according to demands on assessment 
of ready biodegradability to demonstrate potential for degradation in common environmental 
conditions. Wastewater from the pig farm inhibited oxygen consumption less than growth. 
According to measurement of oxygen consumption 180minEC

50
 was 35.4 vol.%, while it was 

15.4 vol. % on the basis of growth inhibition after the same exposure period. The EC
50

 increased 
within next two hours (to 21.1 vol.%), indicating adaptation of microorganisms to the waste-
water. It degraded readily (83 %, lag phase was 3 days, biodegradation rate was 0.07 day-1 (r2 
= 0.99) with presumption of the fi rst order kinetics) on the basis of O

2
 measurements. The bio-

degradation, calculated from the CO
2

 measurements was comparable. Abiotic degradation was 
less than 5 %. Wastewater from metals industry was non-toxic to activated sludge. It degraded 
less than 25 % in 28 days, after signifi cant lag phase (8 days). Abiotic degradation was 15 %. 
In spite of toxicity of wastewater from the pig farm and low biodegradability of the wastewa-
ter from metals industry, effi ciency of the treatment plant was not reduced. Optimization of 
biological treatment should be considered using different recovery methods or pretreatment of 
persistent wastewater from metals industry, due to high load of this wastewater (9.9 %). 
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