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PREFACE

Environmental security and sustainability are important considerations in
NATO, Partner, and Mediterranean Dialogue countries. It is the goal of envi-
ronmental security to protect people from the short- and long-term ravages of
nature, man-made threats, and deterioration of the natural environment.
Environmental security includes activities related to pollution prevention,
environmental conservation, compliance with regulations, and environmental
restoration. Transition countries have legacy issues (e.g., contamination issues
associated with historical and continued industrial operations), and ongoing
challenges (e.g., supplying safe, clean drinking water, dealing with solid waste
and sewage), which are not unlike those in other countries. These issues can
affect environmental security and sustainability within the transition countries,
and may develop into transborder security and sustainability issues if left
unresolved.

Transition countries (especially the Eastern and Central European ones)
have the political and economical will to partner with or join international
organizations (e.g., NATO, the European Union), although this requires adhe-
rence to many environmental laws and regulations. However, risk assessment
and management frameworks, approaches, methods, priorities, and solutions
have been developed primarily in the USA and other countries where funding is
not a significant limiting factor when addressing environmental and health
issues. Therefore, the environmental laws and regulations are not only new to
many transition countries, but extremely expensive for them to meet.

Transition in Eastern and Central European countries, as well as in former
Soviet Union countries, requires a practical approach to prioritizing, assessing
and remediating significant environmental problems. Experience at similar
sites and with similar issues around the world allows focus on the most critical
issues and allows prioritization of actions and funds so that significant envi-
ronmental security and sustainability improvement can be achieved, reco-
gnizing the constraints of limited resources, and different social, cultural, legal,
political, and economic situations.

This volume presents case studies and other experience addressing a variety
of environmental security and sustainability challenges. While the focus was to
assist transition countries, the tools described herein are equally applicable for
developed countries to ensure cost-effective methods are used and significant
environmental issues are not overlooked.

The NATO Advanced Research Workshop (ARW) on “Strategies to Enhance
Environmental Security in Transition Countries” took place from 6 to 9
September 2006 in historical Sibiu, Romania. As many as 35 participants from

X
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14 countries participated in the ARW. Participants had diverse backgrounds
and experiences, from current graduate students studying in former Soviet
countries, to experienced professors from NATO, Partner, and Mediterranean
Dialogue countries, to consultants and government researchers.

A field trip to a community close to Sibiu, impacted by historical and
ongoing smelter emissions, promoted discussion of a real-world case. Copsa
Mica is a site situated 40 km north of Sibiu where a smelter has been polluting
the area with heavy metals for more than 60 years. Nowadays, the smelter is
owned by a Greek holding company and is under pressure by Romanian
authorities to comply with national (and European) regulations. The elevated
levels of cadmium (50-100 mg/kg) and lead (500—1000 mg/kg) in soil, as well
as in air, pose a great threat to the local people. Some people want the smelter
to be closed others do not, due to the high unemployment rate in the area (60%
of the active population). While at the site, the group discussed issues such as
the most significant health and environmental concerns around the site, cost-
effective approaches and tools for risk assessment, and risk management, risk
communication challenges, and the balance between economic and envi-
ronmental security priorities. Visiting the site provided the group with a better
understanding of the environmental security challenges that such sites impose
on transition countries.

Our hope is that academic researchers, private consulting firms, and gov-
ernment scientists will be encouraged to tackle the challenges related to envi-
ronmental security using the ideas and tools that are presented in the various
chapters of this book. Readers are welcome to contact the various authors of the
chapters to continue the discussions.

Publication of this book would not have been possible without the
assistance of Gary Williams and Victoria Putyrskaya who participated in the
editing and formatting of the chapters. Our gratitude also to Dr. Deniz Beten,
Programme Director of NATO’s Public Diplomacy Division and her assistant
Ms. Lynne Campbell-Nolan for their support for us holding this workshop, and
their advice during workshop planning and completion. Thanks to NATO and
to Mrs. Wil Bruins and Ms. Annelies Kersbergen of Springer for their support
in bringing this book to completion. Finally, we thank all of the participants of
this ARW for their willingness to share their experiences, their contributions to
stimulating discussions, and the many wonderful personal and professional
relationships that were built during our time in Sibiu.

Ruth N. Hull
Constantin-Horia Barbu
Nadezhda Goncharova



LIST OF CONTRIBUTORS

S. Allen-Gil

Environmental Studies Program,
Ithaca College, Ithaca, NY 14850
USA

A. Amster

The Arava Institute for
Environmental Studies, D.N. Hevel
Eilot, 88840 Israel

D. Bairasheuskaya

Laboratory of Environmental
Monitoring, International Sakharov
Environmental University, Minsk,
Belarus

D. Banaduc

“Lucian Blaga” University of Sibiu,
Faculty of Sciences, Ecology and
Environmental Protection
Department, Sibiu, Romania

H. Barbu
“Lucian Blaga” University of Sibiu,
Sibiu, Romania

O. Blum

M.M. Gryshko National Botanical
Garden, National Academy

of Sciences of Ukraine,
Timiryazevs'ka 1, 01014 Kyiv,
Ukraine

O. Borysova

Kharkiv National Academy of
Municipal Economy, 12 Revolutzii
St., Kharkiv 61002, Ukraine

S. Brenner

The Arava Institute for
Environmental Studies, D.N. Hevel
Eilot, 88840 Israel

X1

J. Bronders
Flemish Institute for Technological
Research, Mol, Belgium

C. Bucsa

“Lucian Blaga” University of Sibiu,
Faculty of Sciences, Ecology and
Environmental Protection
Department, Sibiu, Romania

D. Cadar
Technical University of Cluj-
Napoca, Romania

A. Coman

Environmental Health Center,
Cetatii 23 A, 400166 Cluj Napoca,
Romania

A. Critto

Interdepartmental Centre IDEAS —
University Ca’ Foscari of Venice,
Dorsoduro 2137, 30123 Venice,
Italy

A. Curtean-Banaduc

«Lucian Blaga» University of Sibiu,
Faculty of Sciences, Ecology and
Environmental Protection
Department, Sibiu, Romania

W. Dejonghe
Flemish Institute for Technological
Research, Mol, Belgium

K. Demnerova

Department of Biochemistry and
Microbiology, Institute of Chemical
Technology Prague; Technicka 5,
166 28 Prague 6,

Czech Republic



xii LIST OF CONTRIBUTORS

L. Diels

Flemish Institute for Technological
Research, Mol,

Belgium

J. Dijk
Catholic University of Leuven,
Heverlee, Belgium

V.G. Dikarev

Russian Institute of Agricultural
Radiology and Agroecology,
Kievskoe shosse, 109 km, 249020,
Obninsk, Russia

N.S. Dikareva

Russian Institute of Agricultural
Radiology and Agroecology,
Kievskoe shosse, 109 km, 249020,
Obninsk, Russia

T. Drozd

Laboratory of Molecular Markers
of Environmental Factors,
International Sakharov
Environmental University, Minsk,
Belarus

L. Eckardt
Eurofins-AUA GmbH Jena,
Germany

T.I Evseeva

Institute of Biology, Komi
Scientific Center, Ural Division
RAS, Kommunisticheskaya 28,
167982, Syktyvkar,

Russia

Z. Filip

Department of Biochemistry and
Microbiology, Institute of Chemical
Technology Prague; Technicka 5,
166 28 Prague 6, Czech Republic

L. Galatchi

Ovidius University, Department of
Ecology and Environmental
Protection, Mamaia Boulevard 124,
R0O-900527 Constanta-3, Romania

S. Geras ’kin

Russian Institute of Agricultural
Radiology and Agroecology,
Kievskoe shosse, 109 km, 249020,
Obninsk, Russia

1. Gishkeluk

International Sakharov
Environmental University,

23 Dolgobrodskaya St., Minsk,
220009, Belarus

N. Goncharova

Laboratory of Environmental
Monitoring, International Sakharov
Environmental University, Minsk,
Belarus

A. Gorobets

Sevastopol National Technical
University, Management
Department, Streletskaya Bay,
Sevastopol 99053, Ukraine

P. Gramatikov

South-Western University “Neofit
Rilski”, Ivan Mihailov 66, 2700
Blagoevgrad, Republic of Bulgaria

1. Grdzelishvili
Cooperation for a Green Future,
Tbilisi, Georgia

N. Grinchik

International Sakharov
Environmental University,

23 Dolgobrodskaya St., Minsk,
220009, Belarus



LIST OF CONTRIBUTORS xiil

A.E. Gurzau

Environmental Health Center,
Cetatii 23 A, 400166 Cluj Napoca,
Romania

E.S. Gurzau

Environmental Health Center,
Cetatii 23 A, 400166 Cluj Napoca,
Romania

K. Hamonts
Flemish Institute for Technological
Research, Mol, Belgium

S.R. Hilts
Teck Cominco Metals Ltd, Trail,
British Columbia, Canada

R.N. Hull

Cantox Environmental Inc.

1900 Minnesota Court, Suite 130,
Mississauga, Ontario L5N 3C9,
Canada

H. Kalka
Umwelt- und Ingenieurtechnik
GmbH, Dresden, Germany

P. Kozubek
AQUATEST, Prague, Czech
Republic

T. Kuhn

Forschungszentrum fiir Umwelt
und Gesundheit, Neuherberg,
Germany

J. Kuklik
AQUATEST, Prague, Czech
Republic

S. Kundas

International Sakharov
Environmental University,

23 Dolgobrodskaya St., Minsk,
220009, Belarus

T. Lange
Consulting und Engineering GmbH,
Chemnitz, Germany

C. Lipchin

The Arava Institute for
Environmental Studies, D.N. Hevel
Eilot, 88840 Israel

A. Lopareva

Laboratory of Environmental
Monitoring, International Sakharov
Environmental University, Minsk,
Belarus

M. Maesen
Flemish Institute for Technological
Research, Mol, Belgium

G. Malina

Institute of Environmental
Engineering, Czg¢stochowa
University of Technology,
Brzeznicka 60A, 42-200
Czestochowa, Poland

A. Marcomini

Interdepartmental Centre IDEAS —
University Ca’ Foscari of Venice,
Dorsoduro 2137, 30123 Venice, Italy

P. Marozik

Laboratory of Molecular Markers of
Environmental Factors, International
Sakharov Environmental University,
Minsk, Belarus

R. Meckenstock
Forschungszentrum fiir Umwelt und
Gesundheit, Neuherberg, Germany

S. Melnov

Laboratory of Molecular Markers of
Environmental Factors, International
Sakharov Environmental University,
Minsk, Belarus



Xiv LIST OF CONTRIBUTORS

T. Nawalaniec

Poznan University of Technology,
Institute of Electronics and
Telecommunications, ul. Piotrowo
3A, PL-60965 Poznan, Poland

W. Nawrocki
Poznan University of Technology,
Institute of Electronics and

Telecommunications, ul. Piotrowo
3A, PL-60965 Poznan, Poland

1. Neamtiu

Environmental Health Center,
Cetatii 23 A, 400166 Cluj Napoca,
Romania

L. Oprean
«Lucian Blaga» University of
Sibiu, Sibiu, Romania

A.A. Oudalova

Russian Institute of Agricultural
Radiology and Agroecology,
Kievskoe shosse, 109 km, 249020,
Obninsk, Russia

A. Ozunu
«Babes-Bolyai» University of
Cluj-Napoca, Romania

S. Pazniak

International Sakharov
Environmental University,

23 Dolgobrodskaya St., Minsk,
220009, Belarus

J. Perner
Eurofins-AUA GmbH Jena,
Germany

N.H. Peters
Umwelt- und Ingenieurtechnik
GmbH, Dresden, Germany

D. Petrescu
«Dimitrie Cantemir» Christian
University, Cluj-Napoca, Romania

V. Putyrskaya

Laboratory of Environmental
Monitoring, International Sakharov
Environmental University, Minsk,
Belarus

A. Rieger
Consulting und Engineering GmbH,
Chemnitz, Germany

M. Rutgers

Laboratory for Ecological Risk
Assessment, National Institute for
Public Health and the Environment,
RIVM. P.O. BOX 1, 3720 BA
Bilthoven, The Netherlands

A. Ryngaert
Flemish Institute for Technological
Research, Mol, Belgium

C. Sand
«Lucian Blaga» University of Sibiu,
Sibiu, Romania

R. Sathre
Cooperation for a Green Future,
Thilisi, Georgia

E. Semenzin

Consorzio Venezia Ricerche, Via
della Liberta 5-12, 30175 Marghera,
Venice, Italy and Interdepartmental
Centre IDEAS — University Ca’
Foscari of Venice, Dorsoduro 2137,
30123 Venice, Italy

H. Smidt
Wageningen University,
Wageningen, The Netherlands



LIST OF CONTRIBUTORS XV

D. Springael
Catholic University of Leuven,
Heverlee, Belgium

M. Sturme
Wageningen University,
Wageningen, The Netherlands

S.M. Swanson
Golder Associates Ltd., Calgary,
AB

I Tanasescu

University of Agricultural Sciences
and Veterinary Medicine, Cluj-
Napoca, Faculty of Animal
Breeding and Biotechnology, Civil
Engineering and Technical Design
Department, Romania

V. Tarasenko

International Sakharov
Environmental University, 23
Dolgobrodskaya St., Minsk,
220009, Belarus

V. Tasoti

Babes-Bolyai University, Faculty
of Chemistry and Chemical
Engineering, Str. Arany Janos 11,
400028, Cluj-Napoca, Romania

G. Torosyan

State Engineering University of
Armenia 105 Teryan, 375009
Yerevan, Republic of Armenia

D.V. Vasiliev

Russian Institute of Agricultural
Radiology and Agroecology,
Kievskoe shosse, 109 km, 249020,
Obninsk, Russia

J. Vos
Flemish Institute for Technological
Research, Mol, Belgium

D. Wilzcek
Flemish Institute for Technological
Research, Mol, Belgium

N. Zohdi

International Development and
Environment Associates (IDEA),
37 Syria St., 4th Floor, Apt. #8,
Mohandessin, Giza, Egypt



PART1
INTRODUCTION TO ENVIRONMENTAL
SECURITY CHALLENGES



1. INTRODUCTION TO ENVIRONMENTAL SECURITY

CONSTANTIN-HORIA BARBU", CAMELIA SAND,
LETITIA OPREAN
“Lucian Blaga” University of Sibiu, Sibiu, Romania

Abstract: The term “Environmental Security” refers to a range of concerns that
can be organized into three general categories: (1) concerns about the adverse
impact of human activities on the environment, seen as an asset to be inherited by
the next generations; (2) concerns about the direct and indirect effects of various
forms of environmental change (especially scarcity and degradation), which may
be natural or human-generated on national and regional security; (3) concerns
about the loss of security individuals and groups (from small communities to
humankind) experience due to environmental change such as water scarcity,
air pollution, global warming, and so on. In order to provide sustainability,
environmental security represents the intersection between social and political
systems with ecological systems. All individuals should have fair and reasonable
access to environmental goods, and mechanisms to address disputes/crises/
conflicts exist or should be created. The activities encompassed by environmental
security may also be pollution prevention, environment conservation, compliance
with existing regulations and norms, and environmental restoration. This advanced
research workshop was developed due to recognition of the environmental
security challenges faced by transition countries and in the hope that together we
can identify practical approaches to prioritizing, assessing, and correcting
significant environmental problems, which make the best use of limited financial
and other resources.

Keywords: environmental security; sustainability

“To whom correspondence should be addressed. Dr. Constantin-Horia Barbu, “Lucian Blaga” University
of Sibiu, Sibiu, Romania; e-mail: horiab@rdslink.ro

3
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© 2007 Springer.



4 INTRODUCTION TO ENVIRONMENTAL SECURITY
1. Historical and Conceptual Backgrounds

At the beginning of the 20th century, the general perception was that nothing
new can be discovered in physics, and no war can occur. Because it took only 5
years until E = mc® opened new perspectives in physics, and another 9 years for
the outbreak of the First World War, optimism was not the main characteristic
in predicting how the 21st century would be. It was less than 2 years before
9/11 changed the world, proving that the conflicts and mistakes of the last
century are more dangerous than anyone can imagine. Armed conflicts, terrorism
on both large and small scales, floods, hurricanes, earthquakes, and tsunamis
are topping the news.

In this context, environmental protection and the sustainable use of natural
resources (which is part of sustainable development) is of paramount impor-
tance because neglecting them can cause either an adverse response from
nature, or conflicts due to the scarcity of these resources.

Since the early 1990s, a great deal of research has tried to determine the
relationship between environment and security. According to Oli Brown
(2005), there are four main approaches concerning the links between security
and environment:

1. The Toronto school approach (name given to the research groups led by
Thomas Homer-Dixon). This approach focuses on resource scarcity as a
cause for insecurity and conflict. The Toronto school argues that simple
scarcity as a result of environmental change and population growth is only
part of a much more complex picture. They focus on situations where elites
extend their control over productive resources (in a process called “resource
capture”) and displace poorer communities (“ecological marginalization”).
Resource capture and ecological marginalization, they argue, may lead to
conflict (as people resist marginalization) and environmental damage (as
displaced people move into fragile, marginal environments). In some cases,
this process may be connected to state failure and political violence,
especially in developing states where insurgencies are fueled by grievances
related to injustice and inequity.

2. Another approach is proposed by the Swiss Environment and Conflicts
Project (ENCOP), led by Giinther Baechler. ENCOP research links environ-
mental conflict more directly to a society’s transition from a subsistence to a
market economy. They argue that violence is most likely to occur in more
remote areas, mountainous locations, and grasslands — places where environ-
mental stresses coincide with political tensions and inequitable access to
resources. In many cases, conflict occurs where communities resist the
expropriation of resources and the environmental damage caused by large-
scale development projects.
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3. The approach proposed by the International Peace Research Institute in
Oslo (PRIO) suggests that violence in many developing countries occurs
when different groups attempt to gain control of abundant resources. World
Bank studies indicate that countries heavily dependent for their income on
the export of primary commodities are at a dramatically higher risk of
conflict than other poor countries, particularly during periods of economic
decline. Other studies suggest that many wars concern control over revenues
from valuable resources — especially so if they are easy to transport and
hard to trace.

4. A fourth approach argues that environmental degradation is one of the
many “network threats” that face the world. Climate change, like epidemic
disease or international terrorism, is an example of a network threat. People
make decisions about their energy use based on their immediate social,
economic, and ecological surroundings. These decisions constitute an
informal, transnational web of individual behaviors that ultimately present a
truly global security problem. Like epidemic disease, the threat is dispersed,
and so is difficult to neutralize through negotiations or force. And although
climate change could be extremely dangerous and costly, it is hard to
identify an effective mitigation policy, since no single incentive structure
can modify the behavior of all the actors.

Thus, the need to protect people from the short-term and long-term ravages of
nature, man-made threats in nature, and deterioration of the natural environment
has been defined as major aims of a new concept, named “Environmental
Security”.

If there is a consensus on the meaning of “environment”, the concept of
security has for too long been interpreted narrowly: as security of territory from
external aggression, or as protection of national interests in foreign policy or as
global security from the threat of a nuclear holocaust. It has been related more
to nation—states than to people. The legitimate concerns of ordinary people were
forgotten, disregarding that for many of them, security symbolized protection
from the threat of disease, hunger, unemployment, crime, social conflict,
political repression, and environmental hazards (UNDP, 1994).

Although sustainable development and environmental security are mutually
reinforcing concepts and directions for policy, they are not the same thing.
Sustainable development focuses on environmentally sound development that is
economically, financially, socially, and environmentally sustainable.

Environmental security focuses more on preventing conflict and loss of state
authority due to environmental factors, as well as the additional military needs
to protect their forces from environmental hazards and repair military-related
environmental damage. The UN and related commissions and conferences have
popularized sustainable development as meeting the needs of the present without
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compromising the ability of future generations to meet their own needs. There
is not yet a similar universal definition of environmental security (Glenn and
Gordon, 2004).

2.

Definitions and Aspects of Environmental Security

The term “Environmental Security” was officially introduced in 1994 by the
United Nations Development Program (UNDP), which has stated in the Human
Development Report that the scopes of global and human security should be
(Henk, 2005):

Economic security, assuring every individual a minimum requisite income.
Food security, guaranteeing “physical and economic access to basic food”.

Health security, guaranteeing a minimum protection from disease and
unhealthy lifestyles.

Environmental security, protecting people from the short-term and long-
term ravages of nature, man-made threats in nature, and deterioration of the
natural environment.

Personal security, protecting people from physical violence, whether from
the state, from external states, from violent individuals and substate actors,
from domestic abuse, from predatory adults, or even from the individual
himself (as in protection from suicide).

Community security, protecting people from loss of traditional relationships
and values, and from sectarian and ethnic violence.

Political security, assuring that people “live in a society that honors their
basic human rights”.

In the complex world in which we are living, besides or maybe due to the
increase in the quality of life in most countries, there are a lot of major threats
that can destroy the fragile equilibrium on earth. These major threats are:

Human population growth and loss of biodiversity

Climate change

Water scarcity and pollution, including ground water contamination
Food security

Environmental refugees

Deforestation

Industrial contamination of air and oceans

(Toxic) wastes
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e Soil conservation/erosion

e Nuclear safety issues

e Ozone depletion

¢ Global warming

The extent of these threats and their causes are summarized in the table below
(Glenn and Gordon, 2005).

By ignorance and/or

By intention

Mix of natural and

mismanagement human actions
Within a Aral Sea depletion in Russia ~ Sarin gas attack in Floods
country Forest fires (Greece, Tokyo subway Famines
Turkey) Chemical attacks and ~ Salinization
Groundwater contamination  draining marshes in Earthquakes
and freshwater scarcity Iraq Introduction of exotic
Hazardous wastes Poisoning or species
Soil erosion diversion, or misuse
Human settlement and of water resources
development patterns
Transborder  Rain forest depletion Burning oil fields in ~ Solar radiation

River usage (Jordan, Nile,
Tigris, Euphrates)
Chernobyl nuclear accident
Diminishing biodiversity
Ozone depletion

Fisheries depletion

Global climate change
Acid rain and air pollution
Poverty

Radioactive waste

Kuwait

Poisoning water
Dam construction
and water diversion

Biological weapons

changes

Global warming
New, emerging, and
drug resistant diseases
such as AIDS and
others affecting plants
and animals
Desertification
Population growth

Rich—poor gap

When analyzing these threats, one should consider two major aspects:

e Timescale in which an event/threat can occur (short-term: 0—5 years, mid-
term: 5-25 years and long-term: >25 years).

e Responsibility of national and international bodies: international organi-
zations, national governments, regional bodies, nongovernmental organizations
(NGOs), and corporations.

Based on these considerations, from the multitude of definitions, we consider
that the most significant one is: environmental security is the relative public
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safety from environmental dangers caused by natural or human processes due to
ignorance, accident, mismanagement, or design and originating within or across
national borders.

In this respect, the term “Environmental Security” refers to:

1. Concerns about the adverse impact of human activities on the environment,
seen as an asset to be inherited by the next generations

2. Concerns about the direct and indirect effects of various forms of envi-
ronmental change (especially scarcity and degradation), which may be
natural or human-generated on national and regional security

3. Concerns about the insecurity individuals and groups (from small comm-
unities to humankind) experience due to environmental change such as water
scarcity, air pollution, global warming, etc.

3. Global and Regional Actions to Enhance Environmental Security

Due to the complexity posed by environmental security problems and to the
great efforts involved in enhancing it, this issue is part of the conjugated efforts
of the United Nations (UN) (mainly of UNDP and United Nations Environment
Program), of the Organization for Security and Cooperation in Europe (OSCE),
and of the North Atlantic Treaty Organization (NATO).

Some major achievements in defining the actions and goals of environ-
mental security are the elaboration of a long-scale program (Millennium Project)
and the Resolution adopted by the UN General Assembly in September 2000
(United Nations Millennium Declaration), and the Environment and Security
(ENVSEQC) Initiative, focused mainly on Southeastern Europe (SEE) and Central
Asian environmental problems.

One of the largest actions, the Millennium Project started in 2002, defines
environmental security as environmental viability for life support, with three
subelements:

e Preventing or repairing military damage to the environment
e Preventing or responding to environmentally caused conflicts
e Protecting the environment due to its inherent moral value

To make the world a safer place, ensure sustainability, and reverse the trend
of environmental degradation, scholars and decision makers are examining the
links between environment and security, the environmental risk factors that
might trigger political tension, and the key players and their actions in order to
achieve these goals. The Millennium Project conclusions are:
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e Environmental security threats often involve transborder and/or global impacts
that would require international cooperation.

¢ Nation-states acting alone can not provide environmental security.
¢ International organizations do not have the capacity to address the threats.

e The weight of decision power rests with national governments. As a result,
national sovereignty can come in conflict with actions necessary to insure
environmental security.

The OSCE, UNEP, and UNDP set up the ENVSEC Initiative in 2002 with the
aim of identifying, together with regional stakeholders (such as governmental
representatives and NGOs), environmental issues that are a threat to stability
and peace, and using environmental cooperation as a confidence-building
exercise in vulnerable regions. Since 2004, NATO has become associated with
ENVSEC through the NATO Program for Security through Science and the
activities of the Committee on the Challenges of Modern Society. NATO
involvement coincides with focusing the activities on Eastern Europe countries
(Belarus, Moldova and Ukraine), where the priorities are: rehabilitation of
deprived areas, such as Chernobyl; pesticides destruction; transboundary river
monitoring; underground pollution affecting wells; military dumps; and dis-
posal of melange (a hazardous rocket fuel oxidizer).

In the future, NATO should continue to send information to the OSCE,
UNEP, and UNDP on its newly awarded environmental projects for their
screening against the ENVSEC criteria. These criteria relate to questions such
as “Does the project have an impact on security? Does it integrate environment,
security and policy? Is it focused on a vulnerable region?” In this way, NATO
projects that meet all criteria are embedded into the ENVSEC Initiative. There
are currently 16 Science for Peace projects embedded into ENVSEC, including,
for example, “South Caucasus Co-operative River Monitoring” and “Study of
Radioactive Waste Disposal in Turkmenistan”. NATO will also look into the
possibility of initiating more top-down projects on the basis of the ENVSEC
assessments through which the countries identify their environmental security
priorities.

The United Nations Millennium Declaration (the General Assembly Resolu-
tion no. 55/2 of 8 September 2000) considers certain fundamental values to be
essential to international relations in the 21st century, among these being the
respect for nature: “Prudence must be shown in the management of all living
species and natural resources, in accordance with the precepts of sustainable
development. Only in this way can the immeasurable riches provided to us by
nature be preserved and passed on to our descendants. The current unsustain-
able patterns of production and consumption must be changed in the interest of
our future welfare and that of our descendants”.
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Concerning protection of our common environment, the signatory head of
states declared that:

- “We must spare no effort to free all of humanity, and above all our children
and grandchildren, from the threat of living on a planet irredeemably spoilt
by human activities, and whose resources would no longer be sufficient for
their needs.

- We reaffirm our support for the principles of sustainable development,
including those set out in Agenda 21, agreed upon at the UN Conference on
Environment and Development.

- We resolve therefore to adopt in all our environmental actions a new ethic
of conservation and stewardship and, as first steps, we resolve:

e To make every effort to ensure the entry into force of the Kyoto Protocol,
and to embark on the required reduction in emissions of greenhouse
gases.

e To intensify our collective efforts for the management, conservation and
sustainable development of all types of forests.

e To stop the unsustainable exploitation of water resources by developing
water management strategies at the regional, national and local levels,
which promote both equitable access and adequate supplies.

e To intensify cooperation to reduce the number and effects of natural and
man-made disasters”.

The world’s leaders, gathered at the UN headquarters in New York in September
2005, have recognized the serious challenge posed by climate change, being
committed to take action through the UN Framework Convention on Climate
Change and have agreed to create a worldwide early warning system for all
natural hazards.

One of the most sensitive regions for environmental security concerns
is SEE, i.e., Albania, Bosnia and Herzegovina, Bulgaria, Croatia, the former
Yugoslav Republic of Macedonia, Romania, Serbia and Montenegro, and
Kosovo, and the ENVSEC Initiative intends to solve the many environmental
problems still existing here. For this, several meetings were or will be held:

¢ First Regional Meeting on ENVSEC in SEE, December 2002, Belgrade
e ENVSEC Consultations in SEE, September 2004, Skopje

e Reducing ENVSEC Risks from Mining in SEE and the TRB, May 2005,
Cluj-Napoca

e Environment for Europe, 2007, Belgrade.
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The programs are built around four interrelated “pillars”: (1) in-depth vulner-
ability assessment, early warning and monitoring; (2) strengthening policies,
institutions and awareness; (3) capacity building. In areas where specific risks
are present ENVSEC also implements its “4th pillar” “Cleanup and reme-
diation” by mobilizing financial support and technical expertise.

Besides this, many programs are under way, such as:

e Reducing Environment and Security Risks from Mining in SEE
e Management of Transboundary Natural Resources, focused on:
(a) Reducing the Impact of Agriculture in Prespa Region

(b) Reversal of Land and Water Degradation in the Tisza River Basin (TRB)
Ecosystem

(c) Network Development of Local Actors from the Sava River Basin on
Water Resources Management

(d) Enhancing Transboundary Biodiversity Management

As may be seen, the complexity of environmental security and the policies
for its enhancement, enjoy worldwide recognition and efforts, in the hope that
the future will be brighter and safer.

4. Conclusion

In order to provide sustainability, environmental security represents the inter-
section between social and political systems with ecological systems, where all
individuals should have fair and reasonable access to environmental goods, and
mechanisms to address disputes/crises/conflicts exist or should be created.

The activities included in environmental security may also be pollution
prevention, environment conservation, compliance with existing regulations
and norms, and environment restoration.

The mismanagement of natural resources lies at the heart of many conflicts
and disaster vulnerability. Sustainable development is impossible without security.
A better understanding of the links between environmental change and human
security is vital for effective peace-building and postconflict reconstruction.
Conlflict-sensitive conservation could both protect biodiversity and contribute to
peace-building. Better environmental management may help reduce community
vulnerability to floods and droughts. Future work will seek to understand these
links and provide practical advice on how careful management of our
environment and our resources can contribute to conflict avoidance and disaster
resilience.
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1. Introduction

1.1. HISTORY

The term environmental security (ES) was primarily coined in 1970 regarding
conflict situations caused by deforestation and soil erosion, and their related
consequences — runaway population growth and poverty triggering famine in
the highlands and mass migration to the Ogaden lowlands, located between
Ethiopia and Somalia (Ogaden war; Myers, 2004). ES was then confirmed in
the late 1970s, more related to the water quest and its preservation, being a
continuous problem since 1950 (bold increase in world population and shift to
modern life standard) — Jordan River (Israel threatened by Syria and Jordan;
Blue Nile — Ethiopia overhanging Egypt).

The meta-problem of ES began to be widely recognized in the mid-1980s
(Nermine Zohdi, Chapter 11, this volume; World Commission on Environment
and Development, 1987): “The environmental problems of the poor will affect
the rich as well in the not too distant future, transmitted through political
instability and turmoil.” And as Mikhail Gorbachev put it in 1989, “The threat
from the skies today is not so much nuclear missiles as ozone-layer depletion
and global warming.” Since the 1980s the issue has steadily grown in
importance, and especially in the second half of the 1990s, we have witnessed
an outburst of interest from various ambits: research and science, industry and
economy, international relations, etc.

1.2. CONCEPTUAL DETERMINATION

A central point in ES prevails over time: there often rests a number of
additional factors that undermine security — faulty economic policies, inflexible
political structures, oligarchic regimes, oppressive governments, and other
adverse factors that have nothing directly to do with the environment. These
deficiencies often aggravate environmental problems, and are aggravated by
environmental problems in turn. Environmental deficiencies supply conditions,
which render conflict all the more likely: serving to determine the source of
conflict, or acting as multipliers that aggravate core causes of conflict, thus
helping to shape the nature of conflict. Moreover they can not only contribute to
conflict, but also stimulate the growing use of force to repress disaffection
among those who suffer the consequences of environmental decline (Myers,
2004).



SOUTH EASTERN EUROPE AND ENVIRONMENTAL SECURITY 15

All these implications enforce national security’s modern role, super-
annuating the basic need of fighting forces and weaponry alone (military
prowess), but increasingly relating to watersheds, forests, soil cover, croplands,
genetic resources, climate, and other factors rarely considered by military experts
and political leaders. The new paradigm of national security is epitomized by
the leader who no longer proclaims he will not permit 1 m” of national territory
to be ceded to a foreign invader, but the one person who would not allow
hundreds of square kilometers of topsoil to be eroded away each year.

The basic framework for understanding the relationship between environ-
ment and security is the Millennium Ecosystem Assessment (Figure 1), which
looks at all the functions of ecosystems and the services they deliver to people and
nature, depicting their strength linkages one to another (Institute of Environmental
Security, 2005).

Broadly defined, ES affects humankind and its institutions and organi-
zations anywhere and at anytime.

CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES Security
P PERSONAL SAFETY
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Figure 1. Conceptual determination — environment (consisting of ecosystems) and security
(aiming to the well-being). (From Millennium Ecosystem Assessment, 2005, p. 50.)
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2. SEE Perspective on Environmental Security

2.1. THE NEED FOR INNOVATIVE INSTITUTIONAL ARRANGEMENTS

Present global institutions governing worldwide well-being, were established in
response to two world wars fought in the last century. A cause for great concern
is that the world’s political, legal, and economic institutions from the global to
the local level operate on outdated concepts and trail behind in formulating and
implementing preventive policies through improved and innovative institutional
and financial arrangements. Global institutions need to be equipped for the 21st
century and resolve ES challenges by peaceful means.

Notably, beginning with end of the 1990s, Southeastern Europe (SEE)
began to operate programs and international institutions aiming to develop and
govern upon ES. We consider in the following paragraphs just a few of them, to
briefly point out their effect on ES within the SEE region.

The presence of the Stability Pact’s Disaster Preparedness and Prevention
Initiative (SP-DPPI) in the SEE eased the links to common practice on disaster
management. The Disaster Management Training Program (DMTP) started in
2002 as the core activity of the (DPPI) to enhance disaster preparedness and
prevention through disaster management education and training, as well as to train
and practice disaster response. The aims included: strengthening cooperation
among all participants in protection and rescue activities, harmonizing the
activities of the participants in order to eliminate possible failures, and
promoting the understanding of national and international principles related to
disaster management. The DPPI has been an active instrument in the overall
Stability Pact objective of regional cooperation. Now, in the progressive
transfer of the SP responsibilities to the SEE region, it is expected that the
support received from the international community will be increasingly com-
plemented by the DPPI SEE countries in order to transform the DPPI SEE
into a regionally owned mechanism for the enhancement of disaster prepared-
ness and prevention in the SEE.

Environment and Security (EnvSec) is an initiative of United Nations
Development Program (UNDP), United Nations Environmental Program
(UNEP), the Organization for Security and Cooperation in Europe (OSCE),
North Atlantic Treaty Organization (NATO), United Nations Economic
Commission for Europe (UNECE), and the Regional Environmental Centre
(REC) offer countries their combined pool of expertise and resources towards
addressing the links between the natural environment and human security. It
builds on the combined strengths and field presence of the leading organizations
to perform three key functions: assessment of environment and security risks,
capacity building and institutional development to strengthen environmental
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cooperation, as well as integration of environmental and security concerns and
priorities in international and national policy making. Five demonstration
projects will be finalized and launched in the period of 2006-2008 under the
umbrella project “Environment and Security in South Eastern Europe: Impro-
ving regional cooperation for risk management from pollution hotspots as well as
trans-boundary management of shared regional resources”.

Southeastern Europe Simulation (SEESIM) was launched in October 2000,
by the ten Defense Ministers of the SEE Defense Ministerial SEDM process
that endorsed a US proposal for a SEESIM network, to promote cooperation,
coordination, and interoperability among SEDM nations and the initiatives
through effective use of computer modeling and simulation. SEESIM is
designed to serve as a foundation for integrating several initiatives functioning
within the SEDM framework and to be a prelude to regional live exercises and
real world emergency response operations. Representatives from NATO and the
Stability Pact for SEE have a standing invitation to attend SEESIM meetings
and planning conferences.

The Regional Arms Control Verification and Implementation Assistance
Centre (RACVIAC) was established within the framework of the Stability Pact,
Working Table III on security issues. It was initiated by Germany in the middle
of 1999 as a common project with the Republic of Croatia, but it started
working in June 2000, in the city of Zagreb, as a multinational regional center
for the assistance in implementing Arms Control agreements for all SEE states,
which signed or are about to sign such agreements. RACVIAC is a multi-
national center with its twofold aim being: a forum for regional dialogue and
cooperation in different arms control and confidence and security building
measures, as well as to provide assistance in all matters of Arms Control and its
implementation. RACVIAC contributes to the aims of the Stability Pact, supports
and complements the activities of the OSCE, as well as other organizations
working in similar fields in SEE. Since 2005, RACVIAC has expanded its
mission to conducting seminars and workshops in the area of defense conversion.
Seminars are organized not only for military, but also for civilian representa-
tives (civilian experts, parliament members and academics) from SEE states.
Topics for the seminars are as follows: military contacts and cooperation in
SEE, regional dialogue, defense planning and military budget, democratic
control of armed forces to improve stability in SEE, CSBMs in establishing
stability and security in SEE, regional cooperation in combating illicit trade
in small arms and light weapons, disaster assistance and procedures, border
control and management, and defense conversion. Currently, there are 39
members from 16 European states working in RACVIAC. It is continuously
improving its regional position, thus formulating its strategy in the beginning of
April 2006.
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In the period between 9 and 25 July 2006, DPPI organized an 11 SEE
countries assessment, under the 3rd Field Work on Disaster Management
preparedness in the SEE region, in order to establish a structure for disaster
management preparedness for the period of 2007-2008 in the DPPI’s member
countries from the SEE Region to continue DMTP. Conclusions drawn from
interviewing international experts and DMTP coordinators working closely in
DM to enforce ES, pinpoint as the utmost objective to be achieved: set up
innovative institutional arrangements in the SEE to bridge existing expertise
and to benefit synergistically from it.

2.2. INSIGHT UPON ENVIRONMENTAL SECURITY IN THE SEE

SEE countries have to face challenges and problems of ever increasing
dimension and complexity from a wide range of disasters and emergency
arising from technological hazards. The environment (air, water, soil) is liable
to technological aggression all the time and the progressive worsening of its
quality determines social problems, having an impact over the quality of life.

We can safely make several broad statements that apply generally to the
risks nations of SEE face from natural, man-made or technological disasters. In
most cases national authorities were unable or unwilling to attempt to establish
priorities for the risk. There are clearly a number of shared risks that can be
readily recognized by nations in the SEE region and provide the impetus for
mutual cooperation. In a number of cases vulnerabilities as well as the risks are
shared by neighboring nations. Man-made or technological risks rival natural
threats to the nations of the region. The potential problems caused by the
introduction of nuclear power and research facilities and the growing volume
of hazardous material created by economic activity or movement on major
regional transportation arteries require significant planning and preparedness
efforts. Safety standards and guidelines are not uniformly applied and insurance
systems that could assist in managing the risk and providing compensation
when there are casualties are in the early stages of development.

The consequence of recent military actions and the persistence of danger
from munitions and land mines deployed in earlier conflicts have created a
particular type of man-made technological risk requiring close cooperation
between military and civilian authorities to reduce threat of injury and death.

Establishing transboundary environmental monitoring and early warning
systems is key for obtaining relevant and timely information on the state of the
environment for policy makers. Detailed synthesis and analysis of data, in
accordance with predefined criteria, should form the basis for decision making
and elaboration of measures for action. Initiatives of this kind, applying a
regional approach to addressing environmental “hot spots”, technically and
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financially supported by international institutions, deserve the support and
efforts for their implementation.

In the primary EnvSec Initiative, strongly aimed at delivering ES in SEE,
there has been one distinct cluster of priorities for the SEE to be dealt with,
related to technological hazards: managing and reducing transboundary risks of
hazardous activities, in particular related to mining and industrial “hot spots”.
Despite a number of chronic and acute contamination pathways from sites of
mining and mineral processing activity, it is the release of mine tailings waste
through the effects of wind and water, particularly in the form of catastrophic
releases to waterways that remains the most pressing issue related to minerals
activity. A large number of warning “vectors” are present in the region —
ranging from waste types with high environmental toxicity, through an absence
of adequate maintenance and monitoring, to the geographical and seismic
conditions in the region. It was indicated that over 150 major sites of resource
extraction and downstream processing had been cataloged for the region, and
that roughly 30% of these had been identified as “candidate hot spots”. The
transboundary nature of risks required that such activities must involve trans-
boundary cooperation.

3. Technological Hazards

3.1. SEE POPULATION AT RISK

Change of the political influence of areas, the development of democracy, and
the change of certain frontiers all lead, from the point of view of industrial
development, to the profound importance of good marketing positioning, to an
increasing competition among producers, and to implementing environmental
protection as a priority issue. All these problems continually occur to the
detriment of poor and medium developed SEE countries.

All countries in SEE are exposed to various man-made disasters that menace
both population and environment. Technological disasters in one country may
imperil one or more neighboring countries in the region. It is therefore
necessary that each country in SEE possesses a developed system of observing,
informing, and warning the population, and, at the same time, a system for
information sharing with other countries in the region.

At the moment, SEE countries lack centers for information sharing and
networking systems in case of industrial accidents, local and regional experts,
and the knowledge transfer flow among them. These countries’ observation and
information centers serve for local use only, i.e., exclusively for the needs of the
country where the center is located. Given the condition that basic requirements
for quick and effective information sharing hardly exist, the existing local
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institutions and agencies of SEE countries cannot react to man-made disasters
with sufficient speed and means.

For the above reasons, countries of SEE should endeavor to follow the
examples from European Community member countries and establish local
centers with a joint operational system and standard operational procedures.
This would result into fast and efficient information sharing to prevent all kinds
of disasters in SEE, and preparation for networking and effective action.

3.2. ISSUES ON SAFETY REPORT

The requirement to have a major accident policy is a new duty, imposed on
operators of establishments in SEE that comes within the scope of the Seveso II
Directive. The necessity of implementing a Risk Management Program in
accordance with a dedicated law is a priority for countries facing the EU-
enlargement process, as in the case of Romania. Companies need to take
inventory of their current operations to determine the existing risks on human
health and the environment within their plants, with the scope of effectively
communicating them to the stakeholders and the public.

SEE countries have to face challenges and problems arising from ever
increasing dimension and complexity of a wide range of potential disasters and
emergencies related to technological hazards. Neighborhoods with communities
of industrial platforms/parks are dramatically influenced because of air and
water pollution, and soil degradation. There are two major problems to be
urgently addressed: risk assessment and recovery strategy for polluted sites, and
risk analysis and management of technological hazards.

Answers to the two problems share most risk-related methodologies, IT
tools, and data sources, so they can be accomplished in a synergistic coordinated
manner. Companies need to take inventories of their current operations to deter-
mine exactly what health and environmental risks they present. It is difficult to
argue before an Environmental Protection Agency (EPA) or the public that a
particular plant poses no significant industrial hazard and risk when no one has
ever assessed the level of risk from it. The social perceptions, especially in
countries within Eastern European become critical when one tries to combine
environmental and social values with economic issues. Which is more important
in value judgment: the ecology or human health? This relationship is comple-
mentary. In real life we do not have a choice — if we want to maintain a high
level of human health we must invest in the environment. What about a com-
parison between human health and ecological health against the economic risk?
Social perceptions, especially among SEE countries, become critical when one
tries to combine social values, land use, economic issues, property rights, and
expectations.
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Safety studies/reports and safety programs are a relatively new domain.
Concerning these issues, there is no Romanian version of any methodological
guide for environmental risk assessment in the case of an industrial incident
or accident. International consultants’ recommendations embrace guidelines
provided by the work of the Major Accident Hazards Bureau, under the Joint
Research Centre of the European Commission, from Ispra, Italy (Fabbri et al.,
2005).

Industrial risk assessment (safety) and ecological risk assessment are com-
plementary activities. The operators must undertake risk assessments according
to the legislation. The necessity to implement a Risk Management Program
(RMP) according to a specific law becomes a priority for SEE countries towards
assuring their economic development. The RMP minimises the risks relating to
the accidental release of hazardous substances, thus reducing potential risks
to acceptable levels. Developing a RMP implies an analysis of the various
possible hazardous scenarios and subsequent options. Facilities that produce,
handle, or store toxic chemicals must be subject to the more rigorous constraints
of RMP rules. The steps to be followed in developing a RMP should be:

e Identify hazardous chemical risks

o Estimate the on-site as well as the off-site consequences for the public in the
worst case and alternative scenarios

e Design procedures for site facility maintenance

Train employees in the execution of safe procedures

Prevent releases from occurring

Minimize the consequences of releases if they do occur

Inform the public

The requirement to have a Major Accident Prevention Policy (MAPP) is a new
duty imposed on industry that comes within the scope of Seveso II Directive.
The MAPP developments are connected with effective arrangements to promote
safety, health, and environmental (SHE) protection in place and auditing their
performance. Based on the provisions of the Seveso II Directive and on the
existing state of hazard prevention management, internal and external emer-
gency plans must be prepared.

It is necessary to involve the public and their representatives in post-incident
reviews for preventing further hazards at the incident ground and to learn for
the future. The accidents databases are very important and relevant in
emergency response plan preparing. The process industries facilities must
ensure that they have an effective operational and communications strategy for
addressing residual risks of old technologies. The main problems dealing with
the occurrence of accidental water pollution is to estimate residual risk in the
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transport, handling and storage of toxic waste products and to develop an
effective and adequate disaster management plan within european legislation.

4. Conclusions

The environment is the most transnational of transnational issues, and its secu-
rity is an important dimension of peace, national security, and human rights that
is just now being understood.

The SEE region, prior to its full integration into the EU, needs to create
basics for evaluation, monitoring, preparedness, and intervention in any situa-
tion threatening its ES, either by a nation’s own means or through regional
cooperation.

ES is strongly linked to economic welfare as technological hazards are a
priority issue to address, mainly for two reasons:

e The rapid adoption, enforcement, and implementation of EU Directives —
mainly upon environmental aspects

e Marketplace acceptance and positive evolution of industrial operators in a
European producer market

“Sustainable development is a compelling moral and humanitarian issue, but it
is also a security imperative. Poverty, environmental degradation and despair
are destroyers of people, of societies, of nations. This unholy trinity can
destabilise countries, even entire regions.” (Colin Powell, 1999).
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Abstract: Seven objectives are identified that can increase the effectiveness
of environmental security policy: (1) prevent environmental damage before it
happens; (2) take countermeasures that concentrate on more basic causes; (3)
implementing elements of the environmental framework in an integrated way;
(4) combine environmental security policies with other policies; (5) make
appropriate use of the market mechanism; (6) make appropriate use of infor-
mation; (7) appropriately shape the mechanism for linkups and participation by
concerned parties. Developing highly effective environmental security policies
for a sustainable future, implies the need to analyze the environment and trade,
environment and market, environment and information, new measures of local
governments, consumers and business and their corporation, and the basic
environment plan linked to a sustainable future.

Keywords: effectiveness of environmental policies; integrated ways to consider
environment; sustainable future; Romania

1. Introduction

Modern civilization, which has developed by seeking new frontiers and
expanding its range of activities, is approaching the limits of the environment
on a global scale. This is an experience that mankind has never had before.

“To whom correspondence should be addressed. Liviu—Daniel Galatchi, Ovidius University, Department
of Ecology and Environmental Protection, Mamaia Boulevard 124, RO-900527 Constanta-3, Romania;
e-mails: galatchi@univ-ovidius.ro and liviugalatchi@yahoo.com

27
R. N. Hull et al. (eds.), Strategies to Enhance Environmental Security in Transition Countries, 27-34.
© 2007 Springer.



28 HIGHLY EFFECTIVE ENVIRONMENTAL SECURITY POLICIES

Developed countries, in particular, have used trade and other avenues to deepen
their relations broadly with the nations of the world so as to achieve rapid
economic growth. These developed countries have come to hold much influ-
ence in international society both economically and from the point of view of
placing burdens on the environment. They also have a large role to play in
international society toward resolution of environmental problems, together
with the developing and underdeveloped countries.

All countries have to build a sustainable society. But while the basic
direction of environmental policy has been set, the real task of developing an
environmental policy that specifically changes the modern socioeconomic
system still remains ahead. Environmental policy should be not merely the
province of the government or of the local public authorities; businessmen, the
people, and private sector groups also should be actively pursuing it autono-
mously, each working under a fair division of responsibility according to their
positions. But the capital and labor available for these efforts are certainly not
limitless. And if additional problems appear in the near future, such as global
warming, the time frame within which these groups can work to promote their
environmental policies is even more limited.

It is therefore extremely important for policy makers, whether they be
governments, local public authorities, or the private sector, to select environ-
mental policies that are as effective as possible in terms of the investment costs
of capital, labor, and time.

2. Objectives that Boost the Effectiveness of Environmental Policies

The character of environmental security problems today has changed. As can
be seen by such issues as global warming or waste disposal, the emphasis of
environmental security today has shifted toward how to reduce the burden on
the environment caused by business activity or daily life. Moreover, many
environmental problems are global in scale, complexly intertwined in causing
today’s situations. It also is possible that such problems as climate change that
are caused by global warming may appear and cause damage when it is too late
for mankind to do anything about it.

It will be necessary in the future to incorporate environmental security
policy into increasingly broad socioeconomic activities, from all sorts of govern-
ment, local public authority, and private sector groups. Assuring a viewpoint
that makes these policies as efficient and effective as possible will probably be
an important point in the achievement of a sustainable economy and society that
smoothly promotes this kind of integration between the environment and
economy.
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This is why we attempt to adjust specific objectives for increasing the
effectiveness of environmental security policy. Methods of adjustment are not
assured, while methods for quantitative analysis of the effectiveness of each
viewpoint are not necessarily assured. These objectives are important for both
the governments and local authorities, and also for the environmental policies
of business and private sector groups, and future studies will be needed on
assessment methods in terms of administration. However, we must remain fully
aware of the fact that many of the costs and their effectiveness in relation to the
environment may be difficult to evaluate in terms of money.

2.1. PREVENTION OF ENVIRONMENTAL DAMAGE BEFORE IT HAPPENS

The first objective is preventing environmental damage before it happens. It is
more cost effective to develop a policy to promote prevention of damage before
it happens than it is to develop a policy after environmental damage has begun
to appear. Moreover, examples from all over the world are beginning to show
that changing the production process itself as a method of preemptive pre-
vention is more cost effective than countermeasures taken at the point of
emissions. The objective of preventing damage before it happens is extremely
important, especially as a policy for those environmental problems from which
it is difficult to recover.

2.2. COUNTERMEASURES THAT CONCENTRATE ON MORE BASIC CAUSES

In studying countermeasures for environmental problems, it is important to go
beyond the cause of primary pollution or the surface phenomena that arise to
consider the underlying socioeconomic structural causes. So, regardless of likes
or dislikes, when the socioeconomic structure leads to a burden on the environ-
ment, each individual and group must be aware of that basic cause and reach
past the difficulties to incorporate countermeasures. When we can consider the
basic cause and make systematic policy reforms, each group’s environmental
conservation activities can become more effective, or in other words, more cost
effective. In waste disposal, for example, restrictions on waste generation,
promotion of appropriate recycling, and promotion of appropriate disposal are
important. These are related to the production side and are also related to the
lifestyles of each and every citizen. This view also incorporates environmental
education, environmental training, and other policies, and promoting it can be
expected to boost its effectiveness.
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2.3. IMPLEMENTING ELEMENTS OF THE ENVIRONMENTAL FRAMEWORK
IN AN INTEGRATED WAY

In promoting countermeasures for chemical substances, for example, policies to
date have mainly been framed according to the medium (e.g., soil, water, air)
impacted. If, at the substance level, we consider that releases into a number of
media and movement between media can lead to exposures from each medium,
then framing countermeasures to account for a number of media should be more
effective. Moreover, an integrated approach is important when taking counter-
measures at the source of impact, or for geographical approaches. Compared
with policies that deal with pollution in a single medium, the study of environ-
mental conservation policies in the context of integrated support for elements of
the environmental framework is much more effective.

2.4. COMBINING ENVIRONMENTAL POLICIES WITH OTHER POLICIES

Combining environmental policy with other policies can result in the promotion
of more effective policies. For, as an example of this approach, this paper discusses
the example, in such areas as traffic congestion policy combined with a policy to
reduce automobile emission gases, or the reduction of fertilizer use combined
with a soil conservation policy, studying policies that take both areas into account
from the first stage is more effective than the relationship of environmental policy
with trade policy in terms of the validity of mutual support of policies having
differing objectives.

2.5. MAKING APPROPRIATE USE OF THE MARKET MECHANISM

Making use of the market mechanism can be expected to be a valid way to
increase the effectiveness of environmental policy. The market uses price as a
signal to distribute complex resources, and price movements are used to resolve
surpluses or shortages of assets or services. One of the major causes of environ-
mental problems is the lack of awareness of the costs to society of environmental
impacts. These costs may be due to socioeconomic activities, and insufficient
pollution countermeasures, so that the costs were not appropriately incorporated
into the market mechanism.

For this reason, external environmental costs should be appropriately
reflected in product and other prices, and an appropriate price assigned from the
viewpoint of the environment. This process should result in the socioeconomic
structure placing a smaller burden on the environment. Of course, while this
environmental price cannot necessarily be completely calculated in monetary
terms, it should open up fields that acquire marketability. Environment-related
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industries have been growing in scale in recent years, a trend that can in a sense
be considered to be increasing activity of the market mechanism.

2.6. MAKING APPROPRIATE USE OF INFORMATION

Appropriate use of information concerning the environment is essential in
promoting an appropriate understanding of the current state of and future
forecasts for the environment, and in promoting effective efforts in the roles
played by each of the major actors.

Information about the economy and society is advancing rapidly in scope.
There are probably both pluses and minuses in determining what the effects on
the environment will be from building the information infrastructure and from
using it. It goes without saying that building the information society must be
directed in such a way as to reduce the burden on the environment. Whatever
happens, as information grows in importance, we should promote appropriate
delivery of information concerning the environment, and the use by the major
actors of such information, to make possible more effective environmental
conservation.

2.7. APPROPRIATELY SHAPE THE MECHANISMS FOR LINKUPS
AND PARTICIPATION BY CONCERNED PARTIES

Should, for example, the industrial sphere have a certain environmental con-
servation goal promoted by the industrial sphere only, or if consumers have a
goal that is promoted by consumers only, their efforts will not be very effective.
However, if governments and all other parties work toward a common goal, under
an appropriate division of roles, then environmental conservation will be promoted
more effectively. We have often seen spontaneous, active efforts by a number of
major actors in recent years, by international linkups (Vadineanu, 2000).

3. Considering the Environment in Integrated Ways in Romania

Considering Romania as a case study, in the last 16 years, it has not attained as
good environmental standards as was expected when compared with efforts and
investment that went into its pollution policy. For example, in the improvement
of energy efficiency or reduction of waste volumes, remarkable displays of
efficiency may have been seen over the short term, yet expanding those results
over the longer term would require making basic changes to socioeconomic
activities (Guvernul Romaniei, 2001). This is why efforts are turning toward
policies that consider the environment in integrated ways.
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Some newly considered integrated security policies for the environment that
can be seen in Romania include: assessment of environmental problems and
ranking of their risks (Guvernul Romaniei, 2001); adoption and implement-
tation of environmental security plans; integrated strategies formed between
policy departments; integrated environmental conservation through geographical
approaches; study and implementation of life cycle assessments; and infor-
mation supply and participation.

3.1. INTEGRATED FOCUS ON SUBSTANCE LIFE CYCLES

Government plans in Romania for the monitoring and control of chemical
substances have been undergoing changes in recent years. Chemical substances
are now beginning to be ranked by their degree of danger, with integrated
consideration paid to their life cycles and the forms they take during use, and
then putting the substances under control (Guvernul Romaniei, 2001). This kind
of planning can be considered to be a shift from the conventional method of
taking countermeasures at the point of emission toward methods that encom-
pass the entire process and entire life cycle to control initial appearances of
substances and to reduce their emissions. This kind of integrated viewpoint
for studying policies at the substance level is now recognized as being very
important.

3.2. INTEGRATED ENVIRONMENTAL VIEWPOINT FOR SOURCE
OF OCCURRENCE POLICIES

Pollutants are known to traverse between such differing media as air, water, and
soil. For example, 25% of the nitrogen burden in Chesapeake Bay in the USA is
believed to be from air pollutants generated by automobiles and power plants.
Moreover, pollutants discovered in the North Pole haze are said to be emissions
from industrial districts transmitted through the air.

If waste water and exhaust gases are disposed of at their source, then the
amount of sludge and other materials that must eventually be properly disposed
of increases. There are cases where districts using tall smokestacks to reduce air
pollution locally become the cause of damage to forests and lakes in quite
distant regions (Guvernul Romaniei, 2001). These cases demonstrate that
assessments taking time and space into account when considering the extent of
the environment affected by policies implemented at the source of the
occurrence will probably be more valid.

As a result, Romania has established (Guvernul Romaniei, 2001) that it is
important to make objectives such as: (1) select the most advanced technology
that can be acquired for each medium; (2) consider opportunities for reducing
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or activating waste materials; and (3) integrate and reduce the costs of
environmental control systems and pollutant emissions.

3.3.  GEOGRAPHICAL VIEWPOINT FOR INTEGRATED CONSERVATION
OF THE ENVIRONMENT

The approach of taking a certain geographical form (distributed forests, lake
fronts, etc.), declaring it a unified environment, and then moving to conserve it,
is perhaps the most effective way to conduct integrated conservation of the
environment. While many examples can be found, there have been some recent
cases where this geographic approach has been used from the viewpoint of
assuring sustainability and preventing pollution. In Canada’s Fraser River
Action Plan, for example, the federal government, province (British Columbia),
local communities, and companies have joined together to develop a policy
based on a sustainable development plan for the 2 million people living in the
area, and for the river ecology (Gray, 1996). In addition, the United States
Environmental Protection Agency (US EPA) has joined with seven states and
Canada to promote a pilot program for the Great Lakes (US EPA, 2006). The
goal of this program focuses particularly on the elimination of organic subs-
tances with high bioaccumulation, and using activities that aim at usage
restrictions at the sources of occurrence, in order to reduce concentrations in the
environment.

Thus, in proposing environmental policies in Romania, one basic objective
is the consideration of geographical characteristics, in order to take a broad
integration of the environment and so conserve the environment over an entire
region.

Developing highly effective environmental security policies for a sus-
tainable future requires the analyses of: environment and trade (controversies
surrounding them, efforts toward mutual support between them), environment
and market (environmental security policy and the market mechanism, eco-
business trends — environment related industry), environment and information
(the development of information-orientation and the environment, the prepara-
tion and utilization of environmental information), new measures of local
governments, consumers, and business and their corporations, and a basic
environmental plan linked to a sustainable future.

4. Towards a Sustainable Future in Romania

Today environmental problems have reached a global scale. Moreover, our
mass production, mass consumption, and mass disposal type of economic and
social system and lifestyle are continuing. In addition, when the problems of
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conservation of the environment of developing areas, and the situation of the
accelerating increase in population are looked at, there is the danger that the
global environment that is the foundation of human existence will be harmed
during the next century if the situation continues in this way. In order to avoid
this kind of situation, we must construct a sustainable society and achieve a
greater environmental conservation effect at an early period by devising the
necessary countermeasures comprehensively and systematically.

The official documents on the environment in Romania have the character
of stipulating the way policy measures should be the roles of each constituency
and the general principles of policies to promote more highly effective
environmental policies that have aimed at the construction of a sustainable
society that conserves the environment. In addition to cooperating with all
related constituencies and following the direction of measures across a wide
range of areas set forth in the plan, the government as one body must promote
countermeasures that serve to heighten the environmental conservation effect.
By these means we must construct a sustainable society before the danger of
harming the global environment that is the foundation of human existence
becomes an actuality.

By means of these countermeasures, we will be able to change our lives
from lives that pursue only material abundance that does not take notice of the
limited global environment that is the foundation of human existence, to lives
that heighten true abundance and are supported by the great blessings of the
global environment.
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Abstract: The increasing demand for the assessment and management of
contaminated land requires the development of new and effective tools for use
in the site-specific Ecological Risk Assessment (ERA) procedure. For this
purpose we propose the DSS-ERAMANIA, a decision support system (DSS)
that aims at implementing the whole ERA procedure and supporting the
expert/decision maker (DM) in its assessment. It was developed according to a
Triad approach, where the results provided by a set of measurement endpoints
are gathered and compared to support the assessment and evaluation of eco-
system impairment (i.e., assessment endpoint) caused by the stressor(s) of
concern. In particular, in the Triad approach, the measurement endpoints refer
to three Lines of Evidence (LoEs): environmental chemistry, ecotoxicology,
and ecology. The rationale is that by integrating the three different LoEs the
uncertainty in the risk estimation will be pragmatically reduced. For the DSS, a
framework including three subsequent investigation levels (i.e., tiers) was
proposed, that enables the completion of the risk assessment once the provided
answer is unequivocal and characterized by a relatively small uncertainty,
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ensuring at the same time an adequate financial investment. The DSS consists
of two multicriteria decision analysis (MCDA)-based modules: “Comparative
Tables” and “Integrated Ecological Risk Indexes”. The former aims at com-
paring the different measurement endpoints belonging to each LoE (i.e.,
bioavailability tools, toxicity tests, and ecological observations) to guide the
expert/DM in the choice of the suitable set of tests to be applied to the case
study. The “Integrated Ecological Risk Indexes” module provides qualitative
and quantitative tools allowing the assessment of terrestrial ecosystem im-
pairment (i.e., the impairment occurring on biodiversity and functional diversity
of the terrestrial ecosystem) by integrating complementary information obtained
by the application of the measurement endpoints selected in the first module.

Keywords: ecological risk assessment; decision support system; riad; megasite;
integrated risk indexes; multicriteria decision analysis; soil ecology

1. Introduction

Criteria and methodologies for the assessment and rehabilitation of conta-
minated sites are urgently needed worldwide because of the huge number of
contaminated sites and the financial implications representing significant
constraints for site redevelopment.

In order to address the rehabilitation of contaminated ecosystems, ecological
risk assessment (ERA) is the appropriate process for identifying environmental
quality objectives and the ecological aspects of major concern (US EPA, 1998;
Suter et al., 2000). At the international level, the principles and procedures
that have been established (UK—EA, 2003; CLARINET, 2001; INIA, 2000;
ECOFRAME, 1999; CARACAS, 1998), suggest an ERA framework based on a
tiered approach, including: (1) a screening phase that allows the definition of
land use—based soil screening values (SSVs), and (2) a site-specific phase in
order to accomplish a more comprehensive risk characterization. Within the
risk characterization, the application of weight of evidence (WoE) methods
(Burton et al., 2002; Chapman et al., 2002) were proposed to determine possible
ecological impacts based on multiple LoEs (US EPA, 1998). Recently, in the
Netherlands an update of the Soil Protection Act is foreseen (VROM, 2003),
clarifying the way for a site-specific risk assessment based on one of the WoE
methods: the Triad approach (Rutgers and Den Besten, 2005). The Triad
approach requires three major LoEs for an accurate assessment of contamination:
chemical contaminant characterization, laboratory-based toxicity to surrogate
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organisms, and indigenous biota community characterization (Long and
Chapman, 1985). In accordance with international suggestions, the new Dutch
approach, to be launched in the new Soil Policy Act of 2006, will be a tier-
based approach and will include: a comparison with standard values in the first
step; an estimation and evaluation of effects due to a mixture of contaminants,
in the second step, by means of multisubstances potentially affected fraction
(msPAF) calculation (Posthuma et al., 2002); and a simple Triad in the third
step. The proposed Triad approach will be based on the calculation of specific
msPAFs for metals and organic compounds for the chemical LoE, the appli-
cation of Microtox (or comparable tests on, e.g., algae, plants, earthworms)
for the toxicological LoE, and a site visit (possibly observing vegetation or
nematode communities) for the ecological LoE.

The results obtained in each tier have to support the decision-making
process, whose main challenge is to find sustainable solutions by integrating
different disciplinary knowledge, expertise, and views (Siller et al., 2004; Kiker
et al., 2005). Technical tools are therefore needed in order to integrate the
wide range of decisions related to contaminated land management and reuse
(CLARINET, 2002a). Instruments, proved to be an effective support for any
kind of decision-making process including contaminated sites management, are
decision support systems (DSSs) (CLARINET, 2002b). DSSs can be defined
generally as tools that can be used by decision makers (DMs) in order to have a
more structured analysis of a problem at hand and define possible options of
intervention to solve the problem (Jensen et al., 2002; Georgakakos, 2004;
Salewicz and Nakayama, 2003). To the purpose of contaminated sites manage-
ment, the currently available systems address in different ways the several
involved issues: supporting the human health risk assessment procedures,
providing selection of the most suitable technology to deal with the cont-
amination of concern, or facilitating the identification of the best management
solution for the site requalification (CLARINET, 2002b). Some of them can
facilitate the achievement of a shared vision for the redevelopment of the site of
interest between both experts and stakeholders (Pollard et al., 2004); for
example, by including multicriteria decision analysis (MCDA) in order to allow
consideration of different stakeholder priorities and objectives (Linkov
et al., 2004; Giove et al., 2006; Kiker et al., 2005) and also integration of
different issues.

Although some specific tools for human health risk assessment are included
within the existing DSSs, relevant development should be made in order to
implement specific support systems for site-specific ESA (CLARINET, 2002b).

For this reason, within the “Ecological Risk Assessment: development of a
Methodology and Application to the contaminated site of National Interest
Acna di Cengio (Italy)” (ERA-MANIA) project, the DSS-ERAMANIA was



38 THE DSS-ERAMANIA

developed, as an MCDA-based system capable to support experts/DMs in the
site-specific phase of ERA of contaminated sites and in particular of megasites.
A megasite is defined as a large (km” scale) contaminated area or impacted area
(current or potential), characterized by multiple site owners, multiple stake-
holders, multiple end users, unacceptable costs for complete cleanup (due to
political, economical, social, or technical constraints) within currently used
regulatory time frames, and by need for an integrated risk-based approach at a
regional scale (WELCOME project, 2005). Due to its complexity, the reme-
diation process may be required to address different issues (e.g., environmental,
economic), to involve different stakeholders and to take into consideration
many different data sets (Agostini et al., 2006).

As far as the ERA-MANIA project is concerned, the Acna di Cengio
contaminated megasite was selected as the case study for the DSS design and
application. Extending over ~550,000 m?, it is located in Valbormida (Savona
province) and is bordered by the Bormida river. From 1882 to 1999, several
industrial activities were carried out at this site, including: production of
explosives, dyes, chemical intermediates for pharmaceutical industries, agro-
chemical compounds, and additives for rubber. Since December 1998, the site
is included in the list of Contaminated Sites of National Interest to be
reclaimed. The complexity of the site contamination was especially useful for
the DSS design that resulted from a close collaboration among different experts
within a multidisciplinary team (including risk assessors, ecotoxicologists,
ecologists, environmental chemists, mathematicians, and informatics) and thanks
to the valuable support of an international steering committee, including also
DMs and stakeholders.

This paper is intended to provide an overview of the DSS-ERAMANIA,
with a major emphasis on its structure and functionalities. The detailed presen-
tation of the MCDA-based procedures implemented in the DSS-ERAMANIA
and of the DSS application to the Acna megasite is beyond the scope of this
paper. They are the subject of four manuscripts either submitted or in pre-
paration (Critto et al., 2006; Semenzin et al., 2006).

2. The DSS-ERAMANIA

In order to support experts and DMs in the application of site-specific ERA for
contaminated soil, a specific framework was developed and implemented into
the DSS-ERAMANIA. The proposed framework is mainly based on the Triad
approach (Rutgers and Den Besten, 2005). Moreover, it includes three sub-
sequent investigation levels, named tiers, each one allowing the assessment to
stop depending on the estimated risk and related uncertainty.
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The first one (i.e., Tier 1) can be regarded as a preliminary investigation
level, in which the analysis can stop only if the estimated risk is considered to
be acceptable and affected by a minimum level of uncertainty. The unacceptable
risks found in Tier 1 can be investigated in the second tier (i.e., Tier 2), to reduce
the uncertainty in the risk estimation and to achieve a more accurate risk
assessment. Because of economic and time reasons, it is preferable to stop the
analysis at Tier 2, when a satisfactory estimation of the investigated risks is
achieved. Nevertheless, site-specific aspects of particular interest, for which the
risk uncertainty could not be reduced in Tier 2, can be analyzed in the third
level (i.e., Tier 3) that represents the deepest degree of investigation. However,
this effort has to be justified by adequate saving of money for the site remedial
actions.

The developed framework identifies two different phases in the site-specific
ERA process. The first phase concerns a comparison of tests (i.e., measurement
endpoints) within each Triad LoE and the selection of a suitable set of tests to
be applied to the case study at each Triad tier. The second one concerns the
estimation and evaluation of impairments occurring in the ecosystem due to soil
contamination.

For each phase, specific MCDA-based tools were developed and imple-
mented in the two modules of the DSS-ERAMANIA: “Comparative Tables”
(i.e., Module 1) and “Integrated Ecological Risk Indexes” (i.e., Module 2) (see
Figure 1).

In the following paragraphs each module of the DSS-ERAMANIA is
presented.

2.1. MODULE 1: COMPARATIVE TABLES

The DSS-ERAMANIA Module 1 aims at comparing the different tests
belonging to each of the Triad LoE (i.e., chemistry/bioavailability, ecology, and
ecotoxicology) to guide the expert/DM in the choice of the most suitable set of
tests to be applied to the case study at each investigation tier.

For this purpose three specific tables were developed to compare the
measurement endpoints belonging to the three LoEs: bioavailability assessment
tools, ecological observations, and ecotoxicological tests. These comparative
tables were respectively named: Comparative Tools Table for bioavailability
(i.e., BAV Table), Comparative Observations Table for ecology (i.e., ECO
Table), and Comparative Tests Table for ecotoxicology (i.e., ETX Table)
(Figure 1).
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Figure 1. Modular structure of the DSS-ERAMANIA.

They can first of all be regarded as databases for the collection of info-
rmation related to the specific measurement endpoints. In addition, the tables
support experts in: excluding those measurement endpoints, which cannot be
applied to the case study; comparing the tests belonging to each Triad LoE in
order to define their suitability to be applied at the first, second, or third Triad
tier; selecting the best set of measurement endpoints for the case study. As
shown in the general flowchart reported in Figure 2, the multiple measurement
endpoints (i.e., bioavailability tools, ecotoxicological tests, and ecological
observations) included in the comparative tables are compared by means of an
MCDA-based procedure where multiple criteria are used to support the tests

comparison performed by different experts.




THE DSS-ERAMANIA 41

DSS-ERAMANIA Module 1: general flowchart
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COMPARISON
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Figure 2. General flowchart of the DSS-ERAMANIA Modulel.

The selected criteria are specific for each table (i.e., BAV, ECO, and ETX
Tables) but generally they refer to three main aspects: specific information
required by the investigation tier (e.g., ecological relevance of the test species),
evaluation of economic and temporal efforts (e.g., cost, analysis time), and test
reliability (e.g., repeatability, test protocol). The involved experts are called
data expert (DE) and system expert (SE), according to their specific role in the
procedure. In fact, the DE should be an expert on the measurement endpoints to
be compared, while the SE should know the tiered Triad-based ERA procedure.
Their judgments are collected in specific tables and elaborated by the software
“DSS-ERAMANIA Module 17 (see Figure 3).

Three outputs are then available: score, ranking, and concordance. For each
tier a score, resulting from the mathematical combination of expert judgments
by means of simple additive weights (SAW) method (Vincke, 1992), is assigned
to each test. Then, for each tier and each LoE (i.e., chemistry/bioavailability,
ecology, ecotoxicology), a ranking of the measurement endpoints is provided,
according to the calculated scores. Finally, an estimation of the judgments’
concordance among DEs and SEs is performed by means of specific indices
(i.e., mean expert concordance and global mean concordance). On the basis of
this information, theDMs, who should represent the responsible people for the
risk management of the contaminated site, can proceed with the selection of the
suitable set of tests to be applied to the megasite of concern.
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Figure 3. Software interface of the DSS-ERAMANIA Module 1.

2.2. MODULE 2: INTEGRATED ECOLOGICAL RISK INDEXES

The DSS-ERAMANIA Module 2 provides qualitative and quantitative tools
that allow the assessment of terrestrial ecosystem impairment (i.e., the impair-
ment occurring on biodiversity and functional diversity of the terrestrial
ecosystem) by integrating the complementary information obtained by the
measurement endpoints’ application. As shown in Figure 1, it includes the
following tools: the integrated effect index (IEI), the ecosystem impairment
matrix (EcoIM), and the global ecosystem impairment evaluation matrix
(GEM).

The general flowchart of Module 2 is presented in Figure 4.

The core of the procedure is the impairment analysis, where the measure-
ment endpoint results, obtained from both contaminated and reference sites, are
evaluated in terms of impairment for the tested endpoints and normalized on a
0-1 scale, according to test-specific thresholds (i.e., negligible impairment
threshold and relevant impairment threshold) defined by the involved experts.
This way, for each LoE, the scaled test results can be aggregated into a single
index (i.e., IEI). The adopted MCDA aggregation operator is a weighted
average, where the weights are criteria that take into account the relevance of
the information provided by each measurement endpoint to the assessment
endpoint (i.e., the terrestrial ecosystem).
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DSS-ERAMANIA Module 2: general flowchart
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Figure 4. General flowchart of the DSS-ERAMANIA Module 2.

The comprehensive understanding of the quantitative estimation provided
by the calculated IEIs is supported by the EcoIM. In fact, using the same scaled
results obtained from the impairment analysis, the EcoIM provides a qualitative
assessment of the impairment at the ecosystem level evaluating both biodiversity
and functional diversity of the terrestrial ecosystem, and highlighting the eco-
system factors stressed by soil contamination. MCDA methods and soil ecology
have been used to develop this tool for supporting risk management. Finally,
the outputs of both IEI and EcoIM tools, obtained for the analyzed con-
taminated and reference sites, can be reported and summarized by the experts in
the GEM, allowing a comprehensive evaluation of the impairment occurring on
the terrestrial ecosystem of concern.

3. Conclusions

The preliminary application of DSS-ERAMANIA to the Acna megasite led to a
transparent selection of measurement endpoints for each Triad LoE (i.e.,
Module 1 application), and to a comprehensive (quantitative and qualitative)
evaluation of the impairment occurring on the site of concern (i.e., Module 2
application). Moreover, Module 1 turned out to be a useful tool for promoting
discussions among experts to reach a common judgment on advantages and
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drawbacks of existing experimental tests; while Module 2 confirmed its capability
of bridging the gap between experimental test results on the one side and site-
specific risk estimation and evaluation for terrestrial ecosystems on the other
side.

However, in order to improve, calibrate, and validate the developed and
implemented MCDA-based procedure, applications to other relevant contami-
nated sites, and further discussions with experts, stakeholders, and DMs would
be desirable.

Finally, the DSS ERA-MANIA complements the DSS DESYRE (Carlon
et al., 2006; http://venus.unive.it/eraunit/research_group projects.htm#desyre).
The latter is a geographic information system (GIS)-based DSS specifically
developed to address the integrated management and remediation of contami-
nated sites. The software provides an integrated platform for the management of
a large volume of different information (environmental, socioeconomic, and
technological) in an effective tool for decision-making at large contaminated
sites. DESYRE facilitates and improves expert valuation and supports stake-
holders and DMs in the definition and ranking of alternative remediation
scenarios, which can be described on the basis of technological options, human
health risk reduction, cost, time, environmental impacts, and socioeconomic
benefits. The simultaneous application of DSS-ERAMANIA and DESYRE will
guarantee a comprehensive risk assessment (i.e., human health and ERA), accor-
ding to international guidelines and national regulatory requirements.
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Abstract: The objective of this article is to review benefits of mathematical
modeling and simulations of different processes that are happening and which
describe a system. A classification of different types of mathematical models is
done as well as the steps in mathematical modeling. Depending on the system
and the case study, an analytic mathematical model could be described by mass
balance, energy, momentum and/or voltage equations, which are the building
blocks in mathematical modeling of environmental systems. The mathematical
models are used for steady state simulation, dynamic simulation, design, or
process control. Packages for model development are identified. Computer
implementation of the mathematical models for a few examples is presented.
Numerical simulations aid in the prediction of future environmental concen-
trations of pollutants under various waste loading and/or management alterna-
tives; in environmental impact assessment; to design, operate, and optimize the
reactors; and, to offer pollution control alternatives. All of these uses contribute
to the enhancement of environmental security.
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1. Introduction

Environmental security is an important issue not only at the national level, but
also at the international level, as environmental problems produced in one state,
potentially have spillover effects on neighboring countries. Prevention of conflicts
and peace keeping can be accomplished by protection of the environment
across national borders and sustainable use of natural resources. Major forms of
environmental degradation, including air and water pollution, nuclear waste,
acid rain, deforestation, soil erosion, depletion of marine resources, and climate
change are the concerns of environmental security. Sustainable development
must be a guiding principle to evaluate measures in the field of environmental
security. Mathematical modeling could be a very good instrument to enhance
environmental security.

2. Mathematical Modeling

A mathematical model is a system of equations that defines the intrinsic inter-
dependencies of a system (Hangos and Cameron, 2001). Mathematical model-
ing in the environmental field has a multidisciplinary character, dealing with
different systems (chemical, biological, ecological), which must be described.
Analytical; statistical (empirical), or mixed models can express relationships
between variables of these systems.

Analytical models are based on conservation equations (mass, energy,
momentum) and laws of physical and chemical processes that are taking place
in the system. Analytical mathematical models have the following advantages:
extended validity domain, increased flexibility, and use in modeling similar
processes. Besides these important advantages, they also have some disad-
vantages:

- They necessitate a good knowledge of the phenomena and processes that
are taking place inside the modeled system

- Users need special training to develop the specific equations of the modeled
system

- They need an additional stage to validate/verify the model, which requires
obtaining experimental measurements in the modeled system

A statistical model is based exclusively on observation dates and measurements
performed on the modeled system. Statistical mathematical models are advan-
tageous because: they are simple from a mathematical point of view; they do not
need extended knowledge about the system, or phenomena and processes that
take place within the system; they need only minimal mathematical knowledge,
regardless of the system modeled. The main disadvantages of statistical models
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are: they necessitate an extended set of experimental data obtained by measure-
ments performed on the system modeled; the mathematical models obtained in
this way are not valid outside the domain of experimental data used initially. To
use these mathematical models on other systems, even similar systems, requires
making new measurements on those systems.

The mixed models are based on conservation equations (mass, energy,
momentum), laws of the processes that are taking place in the system, together
with equations obtained by measurements data correlation based on experimental
data obtained in the modeled system.

Equations of any mathematical model could be algebraic linear or nonlinear,
in the case of a steady state model (when time is invariant), or, a system of
differential equations and algebraic equations, in the case of a dynamic model,
when the equations of the system express the variation with time of the system
variables.

To obtain a mathematical model of a process we need to:

e Write mass, energy, moment, and voltage (in the case of electrochemical
processes) conservation equations; write equations to describe physical and
chemical processes that are taking place in the system; this results in an
analytic mathematical model.

e Make experimental measurements of all variables of the process and
identify the equations that correlate the input and output variables by using
statistical techniques; this results in a statistical mathematical model.

e Combine the previously presented modalities to obtain a mixed mathematical
and experimental model.

A short review of the uses of mathematical models is presented below
(Himmelblau and Bischoff, 1968; Linnhoff and Akinradewo, 1999):

- System design (process optimization; dynamic analysis of processes;
optimization of process parameters; analysis of the factors, which influ-
ence a process; economic analysis of a process; waste minimization;
control analysis of a process; retrofit analysis)

- Process control (examination of different control strategies; optimal control;
modeling predictive control; expert systems)

- Identification of possible failures (identification of perturbative factors;
identification of factors that cause the decline of plant performance)

- Training of working personnel (start-up and shutdown operation; current
operation of the plant; operation in limit conditions)
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- Safety operation and environmental impact of a process (detection of
dangerous operation regimes; estimation of waste products; estimation and
prevention of accidents; characterization of economic and social impact;
dispersion prediction of waste products)

Mathematical models could typically be written for different environmental
media (atmosphere, surface water, groundwater, subsurface, ocean) in order
to solve different issues. These issues include: hazardous air pollutants, air
emissions, acid rain, global warming, wastewater treatment plant discharges,
industrial discharges, potable water source, food chain, leaking underground
storage tanks, leakages from landfills, agriculture, solid and hazardous wastes,
sludge disposal, spills.

2.1. SOFTWARE FOR SIMULATION OF PROCESSES

There are three approaches for the development of mathematical models (Gani
and O’Connell, 1999): visual modeling using process flow diagrams (Flowsheet
Modeling Environment — FME); modeling using a general programming
language (Generic Modeling Language — GML); modeling using knowledge-
based systems (Knowledge-based Systems — KBS). These approaches make
possible and easier the solving of a mathematical model that contains many
equations, which describes a system or phenomena. Commercial software,
which could be used in order to solve mathematical models or to simulate
various processes, are as follows.

2.1.1. MATLAB/SIMULINK

MATLAB (MATrix LABoratory) is an interactive environment for numeric
calculation using matrix (that describe linear equations, keeping track of the
coefficients of linear transformations, and recording data), developed by The
MathWorks Inc., USA. The MATLAB software package can be extended with
over 500 external functions named toolboxes. These external functions are
characteristic for specific domains. MATLAB software is able to: perform
model fitting and analysis (curve fitting); acquire and send out data from plug-
in data acquisition boards (data acquisition); design and simulate fuzzy logic
systems (fuzzy logic); control large, multivariable processes in the presence of
constraints (model predictive control); solve standard and large-scale optimi-
zation problems (optimization solve); apply statistical algorithms and probability
models (statistics).

SIMULINK is an extension of the MATLAB software package created as
an independent modeling and simulation environment of dynamic systems (The
MathWorks Inc., 1999).
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SIMULINK is provided with its own graphic language that uses blocks for
model construction.

2.1.2. FEMLAB

FEMLAB software package is an interactive environment for modeling and
solving scientific and engineering problems based on partial differential
equations. In order to use it, you must define variables and expressions that can
be used within a model; customize the material library; link equations on
multiple geometries; fine-tune the model mesh; and solve and postprocess the
solution. Also it has flexibility giving the possibility of users to customize
predefined equations (PDE), or to write their own PDEs (Comsol Multiphysics,
2001a). It contains different modules (Comsol Multiphysics. 2001b): Chemical
Engineering Module, Earth Science Module, Electromagnetics Module, Heat
Transfer Module, MEMS Module, and Structural Mechanics Module.

2.1.3. ChemCAD

ChemCAD is a software package for mathematical modelling and simulation of
chemical processes developed by CHEMSTATIONS Inc., USA.
The program has the following modules (Nor-Par, 1999a):

e ChemCAD - used for steady state simulation of chemical processes, techno-
logical design, cost estimation etc.

e CC-Batch — used for simulation of batch distillation processes

e CC-Reacs — used for dynamic simulation of chemical processes and batch
reactors (Nor-Par, 1999b)

e CC-Therm — used for design and simulation of shell and tube heat
exchangers

e CC-DColumn — used for dynamic simulation of distillation columns

e CC-Props — used for calculation of physical and thermodynamic properties
of components mixtures

e CC-LANPS — used for management of ChemCAD products in a Local Area
Network (LAN)

2.1.4. HYSYS

HYSYS Plant is a software package for mathematical modeling and simulation
of chemical processes developed by HYPROTECH Ltd., Canada (recently
merged with ASPEN TECHNOLOGY Inc., USA). Using HYSYS software
package, steady state and dynamic simulation of chemical processes can be
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accomplished (Hyprotech, 1995). The main advantages of HYSYS software
package for the mathematical modeling and the simulation of chemical processes
are (Hyprotech, 1995, 1996):

o Integrated system
¢ Intuitive and interactive system

e Open and extensible system

HYSYS Plant provides the user with four interfaces to allow information
exchange between the program and the user. Any modification of one property
value within these four interfaces leads to the property value change in the
whole application.

2.1.5. ASPEN PLUS

Aspen Technology software packages are designed for a large diversity of
chemical processes (petrochemical processes, general chemical processes,
pharmaceutical products manufacture, electrolytic processes, polymerization
processes, metallurgical processes, etc.) (Aspen Technology, 1999a, b).

Aspen Technology software packages are provided with an interactive
graphic interface that makes the programs friendly to use. Also, apart from the
mathematical modeling and the simulation, Aspen Plus software package
allows the accomplishment of broad specific chemical engineering tasks:
estimation and regression of physical property, complex system analysis,
process optimization, cost estimation etc. (Aspen Technology, 1999¢).

2.1.6. PRO II

PRO/II is a software package for mathematical modelling and simulation of
chemical processes developed by SIMULATION SCIENCES Inc., USA.

This software package is designed for a large diversity of chemical
processes. It can be used with success for a large range of chemical processes
from petrochemical processes to pharmaceutical processes (Simulation Sciences,
1999a, b).

The program can be used in a wide variety of purposes: new plant design;
modernization of existing plant; evaluation of possible plant designs; chemical
processes optimization.

2.2. COMPUTER IMPLEMENTATION OF THE MODELS

Different research groups from around the world are trying to develop and
implement mathematical models in order to better define a certain system, and
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to understand how this reacts and how it could be controlled (Turner, 1994;
Schnelle and Dey, 1999; Bumble, 2000; Datta, 2002; Niessen, 2002; McCuen,
2003; Chien et al., 2004). Examples of these activities include:

e There are remarkable activities in fuel cell research and development
worldwide, located in the EU, Japan, and the USA, and not at least in
Australia, Brasilia, China, and Korea. Within the EU, CO, reduction is the
key target and climate change is mentioned as the main motivation
(Argyropoulos et al., 2002; Lunghi and Boye, 2002; Yoon et al., 2004;
Jurado, 2005).

e Magnesium and its alloys are widely used as structural materials for
automobiles and aircraft, due to their high strength/weight ratio. Their
corrosion resistance is relatively poor, especially in a brine environment.
Using classical anodization a protecting oxide film is formed on the surface.
The disadvantage of this procedure is that the electrolyte used (NH4HF,,
Na,CrO,, H;PO,4) contains chromium and is not an environment-friendly
substance and that is why we have not chosen this procedure. Chromate-
based conversion coatings are cheaper, but the hexavalent chromium
involved is both a carcinogenic and a hazardous air pollutant. The Directive
2000/53/EC on end-of-life vehicles makes explicit reference to the reduction
or elimination of its use in cars. An alternative by developing clean and
environment-friendly coatings could be microarc oxidation. In order to gain
a better understanding of the electrochemical behavior of microarc oxidation
(an electrochemical oxidation with a high voltage spark treatment in an
alkaline electrolyte) was developed and implemented into Femlab, a model
which describes the system (Tasoti et al., 2003).

e Other researchers are orientated to the study of sludge systems for
nitrification and denitrification. The mathematical model, based on long-
term experimental results, could be useful for the design of a new treatment
system and operation of an existing one (Argaman et al., 1999). The model
consists of 22 equations with 54 parameters.

e A steady state mathematical model is developed for describing the
completely mixed biofilm—activated sludge reactor (hybrid reactor) (Fouad
and Bhargava, 2005).

e Mathematical models can also serve as a tool to formulate operational and
control strategies for high-rate anaerobic treatment systems. High-rate
anaerobic treatment systems are used for treatment of industrial wastewater
containing large amounts of organic matter in the form of carbohydrates
or proteins. Good strategies will reduce operating costs, improve process
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stability, and enhance treatment efficiency (Ramsay and Pullammanappallil,
2005).

e Different types of pollutants (pesticides, fertilizers, and herbicides) are
applied on the soil surface. Massoudieh et al. (2005) developed a mathe-
matical model in order to simulate transport of herbicides applied to road-
sides into adjacent surface water. They have considered herbicide transport
by overland flow, infiltrating water, and subsurface flow (Massoudieh et al.,
2005).

e The rate of sediment transport is needed for various purposes such as the
control and management of watersheds, river channels, reservoir sedimen-
tation, and pollutant transport. Chiu et al. (2000) developed a mixed model,
which combined application of the deterministic and probabilistic concepts.

Sustainable development is a challenge that gives also opportunities for new
business with new and better products. This fits very well into modeling.
Mathematical model could be used to optimal process design for minimization/
maximization of quantitative/qualitative parameters or in optimal process
control, to determine the optimal parameter of control systems.

3. Conclusions

Modeling of large-scale environmental systems is often a complex and
challenging task. Mathematical modeling is used to help better understand the
transport of pollutants in the environment, to determine short-term and long-
term chemical concentrations in different compartments of the ecosphere, or to
implement the design, operation, and optimization of reactor processes. At the
same time, modeling of environmental systems uses simulation of a complex
system because it is more feasible to work with a substitute than with the real,
often complex system. Also, generated data could be postprocessed (such as
statistical analysis or visualization) for better understanding and dissemination
of information. To conclude, it could be said that mathematical modeling is a
useful instrument for the enhancement of environmental security with real
benefits for research and decision support.
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6. APPLICATION OF COMPUTER MODELING FOR
THE ANALYSIS AND PREDICTION OF CONTAMINANT
BEHAVIOR IN GROUNDWATER SYSTEMS
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NIKOLAY GRINCHIK

International Sakharov Environmental University,
23 Dolgobrodskaya St., Minsk, 220009, Belarus

Abstract: The application of computer modeling for analysis and prediction
of contaminant behavior in groundwater systems is discussed. A new mathe-
matical model of impurity migration in soils and its application for the analysis
of accessibility of toxicants for plants, and prediction of groundwater pollution,
is studied.

Keywords: mathematical modeling; contaminant transport; groundwater system

1. Introduction

Owing to current intensive development of industry and agriculture, the
increase in domestic wastes and the influence of other factors, soil and ground-
water depletion, and pollution have achieved threatening levels. For the
Republic of Belarus, soils contaminated by radionuclides became the most
acute problem after the Chernobyl Accident. Therefore, the study of migration
conditions and contaminant reduction (radionuclides, heavy metals, and organic
compounds) in soil and groundwater is the most acute problem to ensure
environmental safety and protection. Solving of this important problem is
impossible without scientific knowledge about the dominant processes influ-
encing both migration and physical-chemical changes of the pollutants in
different geological and environmental conditions. In our opinion, the leading
role in this research should belong to the computer modeling methods that will
help to understand this complicated and dynamic process more precisely as an
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influence of pollution on human health. Application of modeling methods will
help us analyze different migration mechanisms and the reduction of toxicants
in soils and groundwaters, determine the influence of contaminated soil on the
biosphere, reduce the number of toxicants in crops produced, and prevent their
accumulation in humans and animals (Serebryannyi and Zhemzhurov, 2003).

The main purpose of computer modeling methods is to formulate a mathe-
matical model of the contaminant migration as an algorithm. In the future, this
model will be used as a computer program that will allow us to carry
out numerical experiments and gain insight into the processes involved
(Kudryashov, 1998). Thus, research on the influence of factors such as weather
conditions, physical-chemical characteristics of toxicants, etc. on contaminant
migration in soils is carried out using the mathematical model and determining
the dependence of these factors on any parameter. Such an experiment helps to
investigate questions more deeply in the environment, and reduce the number of
the expensive measurement experiments.

Thus, the main objective of the work outlined in this paper was to research the
possibilities of applying computer modeling to the analysis and prediction of
contaminant behavior in groundwater systems, in particular, radionuclides in soil.

2. Mathematical Model of Contaminant Behavior in Groundwater
Systems

For the analysis and prediction of the migration and concentration of a contaminant
in soils, it is necessary to create mathematical models providing the description of
the main processes that influence the transfer and redistribution of these substances
(Figure 1), while understanding that the level of influence of each process can differ
between various geological environments.

The main physical-chemical processes determining contaminant transport
and redistribution in soils include: (Bulgakov, 1992):

e Convective-dispersion transport of contaminants in solute form

e Movement of groundwater in the liquid and gas phases under the influence
of moisture and temperature gradients

e Redistribution between contaminants dissolved in water and absorbed by
the matrix of solid material

¢ Diffusion of sorbed contaminants in soil by the solid material
e Chemical and radioactive transformation of the contaminants
e Acerosol fallout of contaminants on the soil surface

e Infiltration of water from the soil surface
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Figure 1. Basic processes determining the contaminants redistribution in groundwaters systems.

e Deduction of contaminants from the soil during the evaporation of water

Absorption of toxicants by plants

Evaporation of moisture from the soil surface

Loss of moisture due to the process of evapotranspiration by plants

Contaminant deposition on the soil surface and ingress to the atmosphere
due to wind erosion

Analysis of the foregoing processes shows that the dominant mechanism of
contaminant transport in soils is dispersion and convection in the soil water
(Kudryashov, 1998). Here the soil moisture exists both in the liquid and gas
phases, and its distribution is influenced by moisture and temperature gradients.
In this application, the modeling problem of contaminant distribution in soil has
two subproblems: modeling of the nonisothermal water transport and contami-
nant migration.

In our opinion, progress in the application of computer modeling for the
analysis and prediction of contaminant behavior in groundwater systems is
connected to the substitution of purely empirical descriptions for the informal
descriptions based on the physical mechanisms in nature. This makes the model
more applicable to the processes taking place in nature.
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One method to solve the problem of computer modeling of contaminant
behavior in a groundwater system is the model of impurity migration in soils
developed by the authors (Kundas, 2005). The distinctive feature of this model
from previous models is the more rigorous description of nonisothermal water
transport based on the laws of thermodynamics and physics. This is based on
differential equations for convective diffusion, liquid and gas flow and thermal
conductivity.

Water flow in a porous medium representing soil is defined by the
following equation (Bear and Bachmat, 1991):

o(p,0 K,K
(p.9,) :V(pL oL V(PL—png)J—]—SW (1)
ot N,

where p; is the liquid water density, [kg/m’]; 6, is the volumetric liquid water
content, [m*/m’]; ¢ is time, [s]; K, is the intrinsic permeability of the porous
medium, [m?]; K, is the relative permeability; 7, is the dynamic water
viscosity, [kg/(m-s)]; P, is the pressure difference between the liquid and gas
phases, [Pa]; g is the acceleration of gravity, [m/s’]; z is the coordinate vertical
elevation, [m]; / is the phase change water flux, [(kg/(m*s)]; Sy is the sink term
representing root water uptake, [(kg/( m*s)].

For modeling of water and vapor transport, knowledge of the phase change
water flux, the dependence of the relative permeability from the water content
and the dependence of pressure from the water content and temperature are
necessary. The last relationship can be determined using the moisture sorption
isotherm, which is the experimentally obtained dependence of the mass water
content (1) from relative humidity (¢) at different temperatures.

Relative humidity and water vapor pressure (Py) are related by the equation:

¢=—= 2

where Pgis the saturation vapor pressure as a function of temperature.
The mass water content u is related to the volumetric liquid water content 6,
by the equation:

0, =p—5u 3)

P

where p is the soil density, [kg/m’].
Then, using the sorption isotherm, the functional dependence of moisture content
on water vapor pressure and temperature can be determined as 6, =y(P,,T).
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From this, the function defining the change of water vapor pressure from the
mass moisture content and temperature is derived: P, = f(6,,7).

The relationship between pore pressure, saturation vapor pressure, and
relative humidity is given by Kelvin’s equation:

RTp,

L

P =P+ Ino 4)

where R is the universal gas constant, [8.31 J/(mol-K)] and M is the molar
weight of water, [0.018 kg/mol].

This equation, using the relationship of water vapor pressure to the water
content and temperature is then written in the following form (Grinchik, 2003):

LRTp,  f(6,.7)

P T)=P
L(0,.7)= e SR L

)

Equation (5) relates the physical and chemical properties of liquid water to the
structural characteristics of the soil, and is necessary for the solution of the
equation of water transport as the dependence of pore pressure on water content
and temperature.

In accordance with the hypothesis of local thermodynamic balance widely
used in the theory of sorption, the phase change water flux is defined by the
equation (Grinchik, 2003):

ou ou \OP, (ou)oT
Ps o p{(apyj o [ar] at} ©)
The dependence of relative permeability on water content is defined by the
following empirical equation (Genuchten, 1980):

b i
K, :[—eL e,j 1- 1—[—6L e’} (7)
06,-0, 6,-0,
where 6. and 6, denote the residual and saturated water contents, respectively,
[m’/m’]; b and n are the parameters that denote soil characteristics.
Infiltration of atmospheric precipitations can be modeled using Equation (1)
by defining specific boundary conditions. In the beginning of the precipitation

event, when the soil is not saturated with water, water flux from the soil surface
is defined by the rainfall rate (f):
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KK,

0

Uy

V(PL—png)zf for 0, <0, and p<1 (8)

When the near-surface soil layer approaches saturation, i.e., pores in the soil are
fully filled with water, boundary conditions on the surface of the soil are written
in the form:

+RTpL lnf(es’T)
ML PS

PLsat (t) = PS

for 0, =0, and p =1 )

where Py, is the liquid pressure on the surface of the soil at full saturation of
the soil with water [Pa].

Water vapor flow in the soil, accounting that the content of air in pores
contributes no significant influence on the movement of the water vapor, can be
described by the following equation: (Bear and Bachmat, 1991):

K K
%:v(pVO—VV(PV_pVgZ)J‘FI (10)
v

where py is the water vapor density, [kg/m’]; 6y is the volumetric water vapor
content, [m’/m’]; K, is the relative permeability; 77, is the dynamic water vapor
viscosity, [kg/(m-s)]; Py is the vapor pressure, [Pa].

The relative permeability of the water vapor is defined similarly to the
relative permeability of water:

1 2m
b —
6, -0 6,-0, 1\
K, =|+—=||1-| +—= (11)
6,-06, 0, -0,
The general gas law relates the vapor density with the vapor pressure:
_ME (12)
Py = RT

And the relation between the mass water content and the volumetric water
vapor content is:

0, :m—p—su (13)
P

where m is the total porosity.
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Using Equations (12) and (13), the left part of Equation (10) is written as:

opy0,) [ Ps |M OB
ot p, )RT ot

(14)

Evaporation from the soil surface in the proposed model can be taken into
account by defining the following boundary conditions:

PV (t) = (psu;ff (Z)PS (T) (15)

where ¢y, s the soil surface relative humidity.
The equation for temperature distribution in the soil considering latent heat
of the phase change is given by (Grifoll, 2005):
oT
Cp 5 = V(K VT)+ql (16)
t
where C,, is the volumetric heat capacity, [J/(m*-K)]; K., is the soil thermal
conductivity, [W/(m-K)]; ¢ is the latent heat of the phase change, [J/kg].
Volumetric heat capacity of the soil (C,,) is the sum of the volumetric heat
capacities of the soil constituents:

eipici
>
where p;, C;, and 6, are the density, specific heat capacity and volumetric

fraction of the i” soil constituent, i.e., soil-solids, water, water vapor, and air.
The thermal conductivity of the soil can be calculated in the following way:

% z 0.k,
eq T~ A
2.,
where k; and 6. are the thermal conductivity and volumetric fraction of the i
soil constituent.

Latent heat of the phase change is computed with the use of the Clausius—
Claperon equation:

(17)

(18)

(19)

RT’® (mnPV]
q:

M \ 0InT

The heat exchange of the soil with the atmosphere is defined by the following
boundary conditions:



64 MODELLING CONTAMINANT BEHAVIOR IN SOIL

T()=T,, (1) (20)

where T,,1s the temperature on the soil surface.
Contaminant transport, taking into account sorption, is described by the
equation (Serebryannyi and Zhemzhurov, 2003)

olp, N
8(%;C)+ (pabz )=V(6LDLSVC—VLC)—R—SS @1)
where C is the dissolved concentration, [kg/m’]; N is the mass of the adsorbed
contaminant per dry unit weight of the soil, [kg/kg]; p» is the bulk density
[kg/m’]; D.s denotes the combination of the hydrodynamic dispersion tensor
for water and diffusion in soil-solid [m*/s]; ¥, is the water velocity, [m/c]; R is
the term representing the change of the concentration due to radioactive dis-
integration or chemical reactions [kg/(m®s)]; Ss is the sink term representing
the root solute uptake, [kg/(m™s)].
Solute spreading includes mechanical dispersion in the water plus molecular
diffusion for the water and the soil-solid. These three processes appear in the
liquid—solid dispersion tensor:

D, =0Lg—L+rDm+pbKd% (22)

L L

where « is the soil dependent constant for the dispersivity, [m]; 7 is the soil
dependent constant for the tortuosity; D,, is the molecular diffusion coefficient,
[m?/s], Dy is the diffusion constant in the soil-solid [m*/s].

Distribution of the impurity between soil-solid and liquid phases is des-
cribed by using the distribution coefficient K, :

N=K,C (23)

The value of K, can be determined experimentally or calculated by using the
available information about the sorption properties of the system.

The movement of contaminants in and from the soil to the atmosphere is
defined by the boundary conditions of the second type:

0,D,,VC=¢q (24)

where ¢ is the flow of the contaminants between the soil and the atmosphere.
The value of the flow is calculated according to appropriate expressions
depending on the movement of the contaminant in and from the soil (aerosol
fallout of the contaminant, fallout on the surface of the soil and the movement
of contaminants into the atmosphere due to wind erosion etc.). If contaminant
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transport from the soil into the atmosphere and vice versa is insignificant, the
flow at the boundary is equal to zero: g=0.

The above mentioned mathematical model in the one-dimensional formu-
lation is solved with the use of MATLAB and FEMLAB, and allows computer
modeling of contaminant migration in the groundwater system.

3. Results of the Computer Modeling and Discussion

Prediction of the radionuclide migration depth in the soil, and analysis of
the contaminated groundwater used as a drinking water source, is of practical
interest to the Republic of Belarus after the Chernobyl accident. It is also
interested in predicting the change in the amount of radionuclides available for
absorption by plants. It is in this application that the models outlined above will
be discussed further.

It is assumed that as a result of the nuclear fallout, the surface of the soil is
contaminated by *’Sr that, under the influence of infiltrating rainfall, migrates
deep into the soil. It is necessary to determine the quantity of radionuclides that
remain in the root layer versus the quantity impacting the groundwater after
a specified period of time. Experimental measurements would allow us to
determine the concentration of radionuclides in the soil at given depths, and
their concentration in groundwater and crops, but would not allow prediction of
the concentrations in the future.

Physical-chemical soil properties which determine the process of migration
were determined for the podzolic soil. The influence of climatic factors was
also taken into account by defining the temperature and rainfall intensity
changes with time.

As a result of the modeling, changes in *’Sr content with depth for different
total amounts of deposited radionuclides were determined (Figure 2A).

Comparing the radionuclide distribution in soil with the root system
distribution of the crop (Figure 2B) it is obvious that during the analyzed period
of time (20 years) most of the nondecayed radionuclides remain in the soil layer
from 0 to 0.60 m, making it available for plant uptake by root absorbtion. At the
same time, it can be determined that there is no danger of the radionuclide
entering the groundwater situated deeper (0.8—-2.0 m).

Analysis of the modeling results (Figure 3) shows that the contribution of
vertical migration to the purification of the root zone (0-0.6 m) from radio-
nuclides during the first stage (20 years) is not significant in comparison to
radioactive decay. But in the next period of time (>20 years) a sharp decrease of
Sr in the root zone is observed due to the vertical migration of radionuclides
to the lower soil layer.
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Figure 2. The distribution of **Sr (A) and root system for the maize (B) in the soil.
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Figure 3. The role of the vertical migration and radioactive decay in the removal of PGy from the
soil level: 0—-0.6 m.
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The decrease of radionuclide content in the root zone twice in comparison
with total amount of fallout on the soil surface, due to the processes of
radioactive decay and vertical migration can be expected in 19 years and 100
times in 78 years (Figure 4A).

Radionuclides that have fallen on the soil surface will reach the level of
groundwaters (1.4 m depth) in 40 years. The maximum accumulation of *Sr by
groundwaters will be observed 110 years after nuclear fall-out, and will be 25% of
the total amount of radionuclides that have fallen on the soil surface (Figure 4B).
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Figure 4. The dynamics of the relative concentration of *°Sr in root-inhabited layer (A) and *°Sr
pollution density of groundwaters (B).

4. Conclusion

It is shown that the application of computer modeling for analysis and pre-
diction of contaminant behavior in groundwater systems is an effective
instrument to investigate the problem of environmental safety.

The contaminant migration model was discussed and analyzed in the article.
The model was based on strict mathematical description, taking into account
physical processes and environmental factors essential to the examined process.

Results of modeling the vertical migration of radionuclides in the soil have
been obtained with the use of the proposed mathematical model, which illus-
trates its effective application for the prediction of long-term change of the
radiological situation in a defined area.

Progress in the use of computer modeling methods to research radionuclide
migration in the environment can be achieved with the use of universal software
integrating mathematical models, databases with the information about different
soil types, and long-term hydrometeorological conditions for the defined area
and geographic information systems.
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7. INTEGRATED MANAGEMENT STRATEGY
FOR ENVIRONMENTAL RISK REDUCTION
AT POSTINDUSTRIAL AREAS
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Abstract: An approach is presented on how to deal with postindustrial areas in
Poland. First, an overview is given on the status of postindustrial areas, and the
current legal framework is briefly discussed. Then, the National Program for
Postindustrial Areas recently approved by the Polish government is presented.
The rationale for application of integrated management systems for risk
reduction is provided. Activities related to preparing, adjusting, and verifying
the integrated management strategy, are based on the classical structure of
Deming’s cycle. Information systems and criteria, and sets of activities required
for running such systems are discussed. Examples of integrated management
for environmental risk reduction applied at postindustrial areas in Poland are
presented, including the cases of a chemical plant (Tarnowskie Gory), a zinc
smelter (Piekary Slaskie), and a lignite opencast mine (Bogatynia) in the “Black
Triangle” area (Southwest Poland).

Keywords: postindustrial areas; legal framework; integrated management systems;
National Program for Postindustrial Areas; case studies

1. Introduction

Long-term diverse activities in industrial areas of Poland resulted in direct
emissions of waste products into environmental compartments (atmosphere,
surface water, and soil/groundwater), which consequently led to major environ-
mental problems (GIOS, 2003; GUS, 2003; Siuta and Kucharska, 1997). Of
these, soil and groundwater systems respond much slower to remediation
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measures and need more time to improve their quality. Moreover, soils and
groundwater reservoirs have been contaminated by numerous spills and landfills.
This has resulted in diffuse pollution on a mega scale (e.g., brownfields, post-
industrial areas, military bases, etc.), which makes the active conventional
remediation within an intermediate time frame (25 years) not feasible, or even
impossible for technical and economical reasons (Malina et al., 2006). Such
areas are, therefore, continuous and long-term potential and actual sources of
regional contamination of soils, surface water, groundwater, and/or sediments.
Shifts in environmental policy have been observed since the mid-1990s from
multifunctionality into risk reduction for humans and ecosystems to acceptable
levels (Malina, 2005). Consequently, remediation goals changed from target-
oriented to risk-oriented. The currently applied risk evaluation procedures are
commonly based on the source—pathway—receptor sequence.

Postindustrial areas are defined as degraded, abandoned, or not fully used
areas previously designated for industrial/business activities that have been
terminated (Program Rzadowy, 2004). These areas (excluding those having
military or agricultural functions) are degraded to a degree that limits the
possibilities of development and/or returning to their previous economic func-
tions. Risk related to humans, and correlation between degraded area and
economy are taken into consideration. These criteria can be applied for areas
where no activity is carried out, and for areas still having industrial functions,
thus causing further degradation.

The goal of this paper is to indicate the need of applying integrated manage-
ment for postindustrial areas. In particular, such management should take into
account soil, surface water, and groundwater quality protection, including infor-
mation systems (environmental monitoring, statistical reporting, official infor-
mation, and research and development — R&D), as well as criteria and activities
required for implementing it. As examples, integrated management for envi-
ronmental risk reduction is applied at three postindustrial areas in Poland,
including the cases of: a chemical plant (Tarnowskie Gory), a zinc smelter (Piekary
Slaskie), and a lignite opencast mine (Bogatynia) in the “Black Triangle” area.

2. Current Status of Postindustrial Areas in Poland

Postindustrial areas may have economic, social, and spatial functions. Economic
functions may include: (i) exploitation and processing of natural resources,
(ii) generation of gross national product (GNP), and (iii) induction of other
economic sector development. Social functions are related to generation of jobs,
and improvement of living conditions and education levels. Spatial functions
are responsible for transformation of the environment (e.g., coal mines, factories,
urbanization).
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Based on the degrading factor, the Organization for Economic Cooperation
and Development (OECD) distinguishes the following types of postindustrial
areas (Zatozenia Programu Rzadowego, 2003): (i) degraded chemically — cleanup
required, (ii) degraded physically — reclamation and redevelopment (natural
landscape) required, (iii) not degraded physically or chemically, but having lost
their previous economic functions. Postindustrial areas are usually degraded
physically and/or chemically, thus requiring remediation. During their migration
from the sources at the surface towards the receptors (e.g., aquifers), chemical
compounds contaminate surface water, soil, unsaturated zones, and aquifers. As a
result, degradation of the area is observed, at a scale dependent on the conta-
mination source, migration rates, and persistence of the contaminants.

Within postindustrial areas one can observe: (i) changes in hydrogeological
conditions, (ii) changes in consolidation (degree of noncompact soils due
to varying loads), and (iii) penetration of contaminants (especially chemical
compounds) to the bedrock from wastewater and solid waste.

Depending on the area, the following types of degradation can be distin-
guished (Bolingier, 2004):

e Point degradation — an effect of one or several industrial objects that form
the concentrated source of degrading factors (e.g., depots of industrial, mine
and steel wastes, chemical plants, steelworks, etc.)

e Surface degradation — a result of more than one source of degradation
factors (e.g., industrial complexes, recently often referred to as mega sites)

e Regional degradation — caused by big cities and towns, the so-called agglo-
merations, with significant contribution of industry hazardous to the
environment

Three basic types of postindustrial areas can be distinguished:

1. Areas used for production: exploitation of natural resources, energy
production, production, and distribution of goods, as well as waste mana-
gement/neutralization/disposal. They can be: (i) part of the production process,
e.g., quarries, open pits, shafts, dumps, landfills, water reservoirs; (ii) places
of the production process (repository of resources, engine rooms, workshops,
etc.; and (iii) places, where the infrastructure (building sites, motorways, and
highways, railways, lawns, etc.) is located.

2. Areas associated with production, such as administration and research
centers, design offices, centers of culture and sports, medical and education,
logistic ad telecommunication centers, water supplies, and wastewater
treatment plants, etc.

3. Areas affected by production: (i) physically/chemically (contamination,
degradation), and (ii) economically (generation of GNP).
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Degradation is often a result of industrial waste generated mainly by black coal
(and other natural resources) mining, the power engineering industry, and
metallurgy. Due to their origin, chemical and biological composition, and other
properties and circumstances, hazardous waste is particularly important in terms
of the risk it poses to humans and the environment. In 1996, hazardous waste
constituted 3.5% of the total amount of industrial waste. This dropped to 1.1%
in 2001 (Ciesielski and Motak, 2001). The maximum amount of hazardous
waste in 2001 was generated in Malopolska (~55%), Lower Silesia (~10%) and
Silesia (~8%) provinces.

In Poland, no full inventory of postindustrial areas has been made to date.
It is estimated that 8.5 x 10° km? has been affected by degradation pro-
cesses, including 1.5 x 10° km® degraded to a “high” and “very high” degree
(Zalozenia Programu Rzadowego, 2003). Moreover, an additional 40 x 10° km®
is potentially threatened.

2.1. AREAS OF ECOLOGICAL HAZARD

Areas of ecological hazard have a high density of contamination sources and
intensive degradation of the environment, often connected with bad sanitary
status and health risk, which have led to disturbance or collapse of ecological
balance. The basic criteria used to separate these areas include: (i) exceeding
contamination standards, or serious degradation of at least two environmental
compartments, and (ii) multiple or particularly heavy exceeding of acceptable
levels in the case of a particular toxic substance, or serious degradation of one
environmental compartment.

In 1982, 27 areas of ecological hazard were identified, which comprised
~11% of the total area of Poland and supported approximately one-third of the
total population (~13 million) (Zatozenia Programu Rzadowego, 2003). There
are three types of areas of ecological hazard (Program Rzadowy, 2004):

e Of particularly strong hazards also known as areas of ecological disaster
(regions of Upper Silesia, Krakow and Rybnik, the Legnica-Gtogdéw copper
district, the Gdansk Bay, including the Puck Bay)

e Of strong hazards (regions of Opole, Konin, Szczecin, Turoszow, Bydgoszcz-
Torun, Tarnow, Walbrzych, Kielce, Wroctaw, Czestochowa, Inowroctaw,
L6dz, Poznan, Myszkéw-Zawiercie, Chelm, Belchatow, Tomaszow,
Wioctawek, Putawy, and Ptock)

e Of strong contamination of the atmosphere (regions of Tarnobrzeg,
Wioctawek, Putawy, and Ptock)
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Currently, the situation is systematically improving, and more than half of
the areas of ecological hazard no longer exist, while the quality of others is
continuously improving (Bolingier, 2004).

2.2. AREAS DEGRADED BY INDUSTRIAL ACTIVITIES

Since the 1990s, significant environmental improvement in general has been
observed in Poland. New principles of using and managing degraded areas have
been introduced, including strict injunctions not to build or develop industrial
plants that are particularly hazardous to the environment, resulting in an
improvement in environmental quality (Zatozenia Programu Rzadowego,
2003). It is assumed that currently the highest load of multifactor degradation of
the environment is in the provinces described below (Program Rzadowy, 2004).

2.2.1. The Silesia Province

The degraded areas here originate from extractive industry, mainly black coal
and nonferrous metal mining. Mining activities require continuous drainage,
and pumped saline waters are often discharged to rivers. Mining is also
responsible for the biggest surface transformations in Poland, including depres-
sions and cavities, as well as dumps (~300 dumps covering ~3,000 ha). Toxic
substances, including heavy metals, chlorides, and sulfates leached into subsoil
due to long-term infiltration of precipitation. The atmosphere is impacted by
dump fires, due to easy access of air into dumps, as well as high contents of
flammable fractions and sulfides in dumped materials. Other dumps consist of
energy-related waste materials from electric power plants, thermal—electric
power stations, and the steel industry.
Degradation is also the result of processing industries:

e Fuel and power — electric power plants: “Rybnik”, “Jaworzno III”,
“Laziska”, “Siersza”, and refineries in Czechowice-Dziedzice and Trzebinia

e Steel — big plants “Katowice” and “Czgstochowa”, smaller and older
steelworks in w Dabrowa Gornicza, Chorzow, Ruda Slqska, Katowice,
Swietochtowice, Sosnowiec, Gliwice, Bedzin, a steel processing plant in
Zawiercie, and zinc and lead plants in Miasteczko Slaskie, Piekary Slaskie,
and Szopienice

e Chemical — the chemical plant in Tarnowskie Gory, the cement plant in
Rudniki near Czestochowa

e Wood and cellulose — plants in Klucze, Zywiec, Krapkowice, Myszkow,
Kalety, and Koniecpol
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2.2.2. The Lower Silesia Province

This province in Poland has the second highest number of degraded
(postindustrial) areas. It is the region where one of the most contaminated areas
in Europe, known as “the Black Triangle”, is located. Near Walbrzych, there
are also many postindustrial areas (dumps, embankments, settlers, and quarries)
related to the terminated coal mines, as well as coke, porcelain, and textile
plants. These facilities caused heavy air and soil pollution, and resulted in a
number of mining waste dumps. They are also responsible for surface water
contamination (mainly with phenols) due to the direct discharge of industrial
wastewaters (Wojcik, 1997).

In 1996, the Legnica-Glogow copper district was designated as an area of
ecological disaster. Existing copper ores deposits (one of the biggest in the
world) are exploited in numerous mines, and processed afterwards in copper
plants in Gtogéw and Legnica. Substantial amounts of industrial waste are main
sources of degradation at this area (Berkel, 1996).

2.2.3. The Matopolska Province

Environmental degradation in this province is mainly due to industry located in
the neighboring Silesia Province. Long-term emissions of contamination from
electric power, steel, and chemical plants resulted in soil acidification and
contamination with heavy metals.

The local industry of the Province responsible for environmental problems
includes (GIOS, 2003): the Sendzimir steel plant; the aluminum plant in
Skawina; the mining and steel plant “Bolestaw”; the electric power plant in
Skawina; two thermal—electric power stations: “Krakéw” and “Skawina”; the
chemical plants in Alwernia, Tarnow, and O$wigcim; the pharmaceutical plant
“Polfa”; and the sodium plant “Solvay” in Krakow.

2.2.4. The Podkarpackie Province

Environmental problems here are related to sulfur and sulfuric acid industry
based on the sulfur deposits (some of the biggest in the world) near Tarnobrzeg
and Lubaczow. The exploitation of sulfur deposits by strip mining resulted in
strong geo-mechanical transformations of the land surface, similar to that
originating from the lignite mining, with the formation of internal and external
dumping grounds and final excavations. On the other hand, the application of
hot water pumping into deposits and subsequent extracting of hot solutions,
resulted in increased areas (~3000 ha) of geo-mechanical, hydrological, and
chemical transformations.
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2.2.5. The Province of £odz

The biggest lignite open pit in Poland is operating in Belchatow with a dumping
site for waste (ashes and slag) from the electric power plant in Belchatow. Due to
emissions of SO, above the standards and deposition of waste products, this power
plant was in 1990 included in the “List of 80” most hazardous plants in Poland.

2.2.6. The Province of Lublin

Emissions of industrial dusts from cement plants located near Chetm and
Rejowiec are responsible not only for air pollution but also for soil erosion. In
the mine “Bogdanka” near Leczyca, black coal is exploited. In Putawy, the
biggest plant of nitrogenous fertilizers in Poland is operating since 1996. The
neighboring forest complex has been degraded due to the emissions of gases
and dusts.

2.3. LEGAL FRAMEWORK

According to the Constitution: Poland protects national heritage and assures
protection of environment by following the sustainable development principle.
This principle is achieved through a number of acts of the Polish Parliament.
Principles of land protection, including soil, surface water, and groundwater,
are given by: the Environmental Protection Law (Dz.U.2001.62.627 with
further changes), the Act on the Waste (Dz.U.2001.62.628 with further changes),
the Law on Nature Protections (Dz.U.2001.99.1079 with further changes), and
the Water Law (Dz.U.2005.239.2019 with further changes) (Figure 1). In
addition, some issues of soil and land protection are included in a number of
other legal documents (Malina, 2006).

Soil
Protection

in PL
-D{ Environmental ProtectionLaw ]
v
[ Decree on Soil & Land Quality ]
—;E Act on the Waste J
-P[ Law on Nature Protection ]

-P{ Water Law J

Figure 1. Polish soil and land protection related acts and laws.
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Based on the Environmental Protection Law, the Decree on Soil and Land
Quality Standards (Dz.U.2002.165.1359) identifies when soil is considered as
contaminated. It is based on soil standards for the actual and planned land
functions, for the following groups (Malina and Kwiatkowska, 2006):

(A)
(1) Land included in the areas protected under the Water Law
(i1) Areas protected under the Law on Nature Protection, if the actual conta-
mination is not considered hazardous for humans and environment
(B) — Croplands and grasslands, forest lands, barren and urban lands
(C) — Industrial, mining, and communication areas

To achieve sustainable soil/land protection, the New National Ecological Policy
was established (M.P.2003.33.433), with the strategic goals including: effective
management of natural resources — sustainable development principle, counter-
action/prevention of impacts to the environment causing its degradation, and
restoration of the environment. This policy is based on five main principles:

1. The prevention principle — (i) prevention of contamination and other
arduousness, (ii) recycling (closing materials and resources cycle, reuse of
energy, water, and resources from wastewater and solid waste), and (iii)
integrated neutralization of contaminants and hazards

2. The foresight principle — solving problems already at established reasonable
probability of occurrence

3. The Best Available Technology (BAT) principle

The subsidiary principle — decentralized decisions related to environmental
protection (“closer to citizens”)

5. The efficiency principle — costs minimization and maximization of effects
of environmental protection

Within the frame of ecological policy, the following actions related to soil
protection are recommended: (i) protection of soils used for agricultural/
horticultural purposes (including redevelopment of postindustrial and abandoned
areas), (ii) soil protection against erosion and physical-chemical degradation,
(iii) soil remediation and reclamation of contaminated land, (iv) holding/
returning high quality of soil required for food growing.

Until now, there has been no legislation to assure soil protection against
overuse of natural soil productivity potentials. Therefore, ecological policy
should focus particularly on protection of soils against intensification of
agricultural production (increased fertilization, use of pesticides and herbicides,
concentration of pigs and stock-breeding, areas of monoculture cultivation, and
transportation for agricultural production), remediation of degraded soils to
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include them again for natural use (forestation, plant growing, tillage), or
redevelopment in the case of postindustrial areas.

The goals of ecological policy from the soil protection viewpoint in Poland

until 2010 are as follows (Malina and Kwiatkowska, 2006):

Education of soil and land users on soil overuse issues and irreversibility of
soil degradation processes

Organization of structures for protection and efficient soil/land use
Agricultural production according to the principles of ecological farming

Monitoring of soils, including physical-chemical and biological changes
due to types, intensity of use and negative effects (erosion, urbanization,
industry, emissions, waste, wastewater, etc.)

Introducing principles and procedures to limit soil and land overuse (e.g.,
through changes of the direction of use), and to determine the minimum
action required (e.g., risk analysis procedures)

Identification of risks and intensification of remediation and reclamation
actions at contaminated areas

Redevelopment of postindustrial areas to include them again in the eco-
nomic cycle (revitalization)

Based on the document: “Towards Thematic Soil Protection Strategy” (COM,
2002), all EU members, including Poland, are obliged to prepare a number of
regulations and economic instruments to reduce soil degradation and contami-
nation related to main hazards (Figure 2).

U Erosion \
0 Depletion of SOM
Q Soil contamination Towards Thematic Soil
- point Protection Strategy in Poland:

(draft document to be approved in 2006)

- diffused > ‘

Q Sealing of soil
9 task groups related to these

0 Soil compaction hazards

0 Depletion of biodiversity

Q Soil salinity

Q Flooding (& land slide) /

Figure 2. Main soil protection related hazards.

The industrial activities having a significant environmental impact are

indicated in the Integrated Pollution Prevention Control (IPPC) Directive
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(96/61/EC), which is one of the most important legal acts of the EU related to
environmental protection (Koztowska, 2004). Its strategic goal is to syste-
matically adjust methods of planning and production to the requirements of
permanent sustainable development and to assure environmental protection by
prevention of pollutants emissions (or, if not possible, by maximal reduction of
emissions). The most important problems are related to a full control of process
production, modernization of existing plants, and technological processes
(known as the “cleaner production” principle). The IPPC Directive requires that
appropriate authorities force upon the installation operators defined duties for
integrated environmental protection, in particular through applying the BAT,
and avoiding environmental pollution and waste generation. After terminating
the operation of installations, all necessary cautions should be applied to avoid
hazards related to the contaminated area where the activity was carried out, and
to return this area to the proper status.

Directive 82/501/EC addresses the problems of risk related to some
industrial activities, and Directive 96/82/EC addresses risk control from severe
accidents involving toxic substances.

Environmental management systems are addressed by one decree and two
decisions. Decree EC/1836/93 comprises voluntary participation of an enterprise
in the environmental management system and ecological audits within the EU.
Decision 97/264/EC is related to the procedures of certification approval, while
Decision 97/265/EC to the approval of ISO 14001, and the European Standard
EN ISO 14001, as consistent with the system of voluntary participation.

Finally, management of postindustrial areas is important with regard to the
Water Framework Directive (WFD) (2000/60EC), and Groundwater Directive
(GWD) — under preparation — that establishes specific measures as set out in
Article 17 of the WFD, in order to prevent and control groundwater pollution.
These measures include:

e Criteria for the assessment of good groundwater chemical status

e Criteria for the identification and reversal of significant and sustained
upward trends, and the definition of starting points for trend reversal

e Requirements to prevent or limit indirect pollutants discharges into ground-
water

Specific trend assessment should be carried out for relevant contaminants in the
groundwater bodies that are affected by point sources of pollution, including
historical point sources in order to verify that plumes from contaminated sites
do not expand over a defined area and do not deteriorate the chemical status
of the groundwater body. The integrated management for postindustrial areas
should take these EU requirements into account, as well.
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2.4. NATIONAL PROGRAM FOR POSTINDUSTRIAL AREAS

The National Program for Postindustrial Areas approved by the Polish
government in 2004 provides the framework for the integrated management to
be developed to reclaim and redevelop contaminated/degraded abandoned areas
(Program Rzadowy, 2004). The organizational structure of the program is
presented in Figure 3. The strategic goal is to create conditions and mechanisms
for revitalization of postindustrial areas according to the sustainability principle.
The direct goals include:

e Development of the management system to revitalize postindustrial areas,
and consequently reduce use of nondegraded areas (i.e., greenfields) for
industrial purposes,

e Development of the sector engaged in remediation and revitalization of
degraded areas, thus generating new jobs

The Minister of Environment is responsible for the realization of the program.
He is coordinating via the program coordinator, and with the assistance of the
Steering Committee, all activities including:

e Verification of the approved task plan
e Determination of the order of works planned for a given year

e Giving opinions on annual breakdown of costs and tasks, and implemen-
tation reports

e Monitoring the performed works and expenditures
e Essential and organizational support in realization of works

e Application for funding from the national budget, and the National Fund for
Environmental Protection and Water Management (NFEP)

e Assistance for potential beneficiaries in preparing applications for reme-
diation and revitalization project financing

o Selection of pilot areas for revitalization
e Invitation tenders for program tasks and calls for research projects

The program tasks introduced in parallel should be complementary and realized
with different strengths under the supervision of Field Coordinators at three
fields: (i) pilot revitalization projects, (ii) developing the management system
for postindustrial areas, and (iii) R&D and education.
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Figure 3. Organization of the National Program for Postindustrial Areas.

The Act on Spatial Site Planning (Dz.U.1994.15.139 with further changes)
defines goals and principles of development plans in communes, districts, and
provinces, based on the sustainability principle. Transferring many rights to
local governments creates possibilities of undertaking decisions important for
given areas with respect to postindustrial areas.

Registers carried out by local governments according to the Environmental
Protection Law are done exclusively based on contaminated land criteria, for
both industrial and agricultural areas which have an owner or ruler. They do not
take into account the specificity of postindustrial areas and, therefore, only to a
certain degree can be used as a management tool. It is then necessary to make
an inventory of postindustrial areas at the national level, upon which a
comprehensive information system can be developed with the help of geo-
graphic information system (GIS) databases and associated mathematical
models. Furthermore, priorities for revitalization can be set up based on
previously defined uniform criteria and, consequently effective policy of land
protection can be planned and implemented. The management of postindustrial
areas should be in accordance with development plans of the communities
where they are located.

Effective management of postindustrial areas requires also introducing
certain legal changes related to: (i) range and ways of carrying out tests on soil
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and land quality; (ii) principles and rules of carrying out registers of post-
industrial areas, taking into consideration liquidation of industrial plants, mines,
hazardous waste deposits, etc., which are recognized as activities having signi-
ficant impacts on the environment; (iii) technical projects of revitalization,
negotiations, and implementation; and (iv) creation of financial benefits for
potential investors.

3. Integrated Management for Postindustrial Areas in Poland

3.1. INTEGRATED MANAGEMENT SYSTEMS

Community, economy, and environment create a macro system with strong
interactions, thus requiring integrated management. This management should be
based on conscious and rational formation of relations between individual
elements of a system, with regard to the following: organizational structure,
planning, sources of financing, procedures, processes, and resources. Manage-
ment is defined as an efficient use of human, capital, and material resources
(Matuszak-Flejszman, 2002).

Management of any system is always based on the same principles and
requirements, and is represented by the Deming’s circle (Hamrol and Mantura,
1998). Planning lies in determining the goals and intentions, preparing pro-
cedures of actions and required documents, implementing planned actions,
and controlling the process, verification, i.e., comparing the effects with the
assumptions and intentions, and correction of inconsistencies and indication of
possible revisions. Important issues of the management process are: program-
ming (i.e., designing the most desired events from a prospective situation
viewpoint) and planning (i.e., transcription of goals into tasks and working out
the organizational and financial ways of execution). These principles were first
introduced in the ISO standards (series 9000). Integrated management systems
allow for complex examination of the problem, an integrated working plan that
includes elements required by different standards, simultaneous inspection of
the system and certification process, open access and flexibility for introducing
further requirements, as well as getting the synergistic effect that rises during
cooperation of different elements of management systems.

The most popular way to create an integrated management system is to
build it for one component and, subsequently, gradually integrate the next
systems into the existing one(s). Integration is possible by connecting different
ways of acting at a given area with the management consistent with the
approved goals. Such connection should be dynamic, i.e., currently verified and



82 INTEGRATED MANAGEMENT STRATEGY

updated, and experiences gained during creation of the first system can be used
to build the next one(s). Integration comes gradually and in a natural way.

Creation of separate management systems for individual elements can be
applied if, due to complexity of a process to be managed or organizational
changes (e.g., restructuring), it is preferred to separate the systems during the
implementation process. In this case, integration takes place gradually after
some years of functioning of individual systems. The final stage after imple-
menting individual management systems is the certification according to the
standards: ISO 9000, ISO 14001, and/or PN-N/OHSAS 18001 (Matuszak-
Flejszman, 2002; Podskrobko, 1998).

The sources of specific information for integrated management systems for
postindustrial areas are environmental monitoring, statistical reporting, official
information, and R&D (Matuszczak-Flejszman, 2002; Koztowski, 2002).
Environmental monitoring is a system of measuring, collecting, processing,
transferring, and providing data, as well as evaluating and diagnosing environ-
mental quality status based on uniform and standardized methods, and calibrated
analytical equipment. National, regional, and local monitoring networks provide
information comprising air, soil/land, surface and groundwater quality, waste
generation, and management, as well as predicted results of operational use of the
environment on national, regional, and local scales. Statistical reporting on acti-
vities that impact environmental quality, e.g., reports on hazardous waste, is the
responsibility of enterprises that use the environment directly, and national and
local governmental offices. Official information should be included in registers of
land’s evidence and real estate, cadastres of natural resources, maps of soil classifi-
cation, etc. R&D provides supplemental and verification of data from environ-
mental monitoring and statistical reporting. In Poland, data are collected by the
Central Statistical Office (GUS) and distributed via statistical yearbooks and
special reports.

3.2. CONCEPT OF MANAGEMENT SYSTEMS AT POSTINDUSTRIAL AREAS

In Poland, the integrated management strategy for postindustrial areas is not
yet fully defined. The integrated management system for any enterprise that
combines environmental, quality and occupational hygiene managements, and
integrated permits and licenses, should avoid creation of new degraded areas.
For the past few years, studies have been conducted and redevelopment actions
have been undertaken for postindustrial areas.
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At postindustrial areas one has to address degradation, which encompasses:
(i) environmental compartments (atmosphere, hydrosphere, and lithosphere),
(il) societies (illness, unemployment, social degradation), and (iii) economy
(bankruptcy and/or, restructuring of enterprises, plants, etc.). Therefore, the
integrated strategy should rely on conscious and intentional merging activities
aimed at rebuilding and returning industrially degraded areas for reuse, as well
as restructuring economy and managing human resources. These activities must
be in agreement with local development plans (communes, districts, etc.),
therefore, require cooperation with local authorities. This is also important for
obtaining funds.

Returning useful properties of postindustrial areas may comprise (Malina,
2006):

e Remediation (sanitation) — soil cleanup using physical, chemical, and
biological methods

e Reclamation (recultivation) — actions directed at returning the natural earth
surface to reach a quality of soil according to standards, to create/return
useful/natural values for deteriorated land

e Revitalization (redevelopment) — land reclamation followed by remediation,
change, modernization of the earth, etc., to return the status of land that
allows for fulfilling its useful functions

The management system for postindustrial areas should include: (i) qualitative
evaluation of an environmental status, (ii) diagnosis and assessment of health
(HRA) and environmental (ERA) risk, (iii) selection of effective technologies,
(iv) evaluation of the effects of undertaken decisions on the economy and
societies, (v) use of research achievements in environmental engineering/
technology and ecology, and (vi) national, regional and local policies.

The system management concept for postindustrial areas that should assist
in implementing the National Program for Postindustrial Areas is presented in
Figure 4.
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Figure 4. Concept of system management for postindustrial areas.

3.3. INTEGRATED MANAGEMENT STRATEGY MODEL

Based on the author’s experiences with land contamination and redevelopment,
and on the extensive description of the situation presented in this paper, the model
of integrated management strategy for postindustrial areas is recommended that is
presented in Figure 5, and described more in detail afterwards.
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Figure 5. Model of the integrated management strategy for postindustrial areas.

Coordination: The management strategy should be coordinated by the
group of stakeholders (GOS), assisted by the advisory group of (multidisci-
plinary) experts (GOE). GOS should comprise all bodies that have, or may
potentially have, any interest at a given postindustrial area, and is responsible
for any decision undertaken.

Inventory of postindustrial areas: To achieve the management goals, it is
essential to make an inventory of postindustrial areas. This should be initiated
at a commune level, and be based on maximal use of all existing information
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and data. It is critical to determine reasons, degrees of degradation, and sources
and factors responsible for degradation. Results of the inventory should be
transferred to databases (e.g., GIS) compatible with mathematical software that
can be used to process them.

Based on the inventory, detailed site characterizations should be made that
should include the following:

1. Identification of environmental hazards:

e History of industrial activities, type of industry and possible environ-
mental impacts

o Effects on environmental compartments: (i) soil — contamination, dumping
sites, geo-mechanical transformations of surface, (ii) hydrosphere —
contamination, changes of hydrogeological and hydrogeochemical
conditions, and (iii) atmosphere — emissions of contaminants

2. Analyses of social conditions — damages should be evaluated quantitatively
and quantitatively related to the health problems, unemployment and
increased social degradation and pathology (alcoholism, drug traffic,
robberies)

3. Classification of areas — a review of infrastructure with respect to possible
reuse, historical and/or cultural values, etc.

Planned directions of further use: Further use of postindustrial areas after
redevelopment should be indicated (e.g., industrial park, recreational area) that
is in agreement with the development plan at the particular area, and the
possibilities of employing local inhabitants.

Reports made at this stage should include information about: (i) type of the
area, (ii) characteristics of its previous use, (iii) localization, (iv) legal status
(property relations), (v) degree of degradation, (vi) density of technical infra-
structure, (vii) environmental aspects, (viii) historical value, (ix) health risk,
(x) unemployment due to closing the industrial plant/enterprise, and (xi) areas
of social degradation. Based on these reports, the GOE should prepare the
management strategy for the given postindustrial area to be accepted by the
stakeholders.

Strategy selection: The selection of a revitalization strategy should be
based on the need to reduce risk for humans and the environment, and to find
solutions that are economically and ecologically effective.

Primary and secondary goals definition: After diagnosis of the situation,
the program should be elaborated at a regional scale, or as a target program for
communes belonging to different provinces. Prioritization is given to starting
revitalization projects at the areas that pose significant hazard to the environment.
Conditions and mechanisms should be created for redevelopment of post-
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industrial areas (brownfields) according to the sustainable development principle,
i.e., not to reduce nondegraded areas (greenfields). The primary goal should
always focus on reducing health and environmental risks. The secondary goals
should be directed to achieve economical profits due to reuse of redeveloped
areas (e.g., remediation and revitalization, creation of new jobs, initiatives for
reuse of the areas).

Definition of plans and specific goals: Any given postindustrial area has a
set of specific features that, by definition, indicates its specific function, or
limits the possibilities to have this function. Thus, the management of a
postindustrial area is usually a result of local requirements and abilities, and
possible ways of further use. Often, due to specific characteristics of the area
and postindustrial infrastructure, reuse for industrial purposes is limited, as a
result of high environmental demands in the case of newly established
enterprises and industrial plants.

Costs: Financing is crucial for an integrated management strategy. Funds
can come from different sources, including: (i) plants and enterprises according
to the principle “polluter pays”, (ii) national budget, if the industry was owned
by the state, (iii) local governments, (iv) individual investors, who considering
invested money can get areas with good location and infrastructure, (v) NFEP
and regional funds for environmental protection, and (vi) EU special funds and
programs.

Public/society: It is necessary to control and take care of inhabitants living
at or in the vicinity of a postindustrial area by means of continuous monitoring
of their health, and applying obtained results for defining specific and detailed
goals of the management strategy, as well as organizing preventive—therapeutic
trips for children. Other required actions should focus on: (i) new jobs related
to the remediation and revitalization works, and in restructurized enterprises,
(i) qualification courses as a result of new employment and job demands,
(iii) friendly conditions and stimulus for initiating small firms for local societies,
(iv) cultural, recreational, and sport centers that reduce social degradation, (v)
additional funds for ex-workers, who lost their working abilities due to
occupational diseases (pneumoconiosis, lead poisoning, accidents, etc.), and (vi)
increased ecological education.

Economy: Existing economy should be restructured (particularly mining
and steel industry), and new modern industrial sectors should be initiated that
will meet EU requirements and obtain integrated licenses. It is important to
establish cooperation between governmental administrations and newly built
enterprises that will allow for keeping balance between economic, social, and
ecological issues.
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Ownership and legal status: Postindustrial areas have different owners that
are often not defined and unclear legal status. Therefore, diagnosis of the
ownership problems is necessary prior to starting the liquidation of contami-
nation sources and revitalization. Local societies should be continuously in-
formed about current actions and plans. Creating mechanisms of cooperation
among the present owners and the local authorities should allow for attracting
external investors.

Formal approval of the management program: After identification of all
aspects of a postindustrial area and defining ways of financing, methods and
approaches, and responsible people, an action plan should be established and
accepted by stakeholders.

Program implementation: The management program implementation
should proceed according to the assumptions previously made. It can be a
subject of changes and corrections as a result of nonpredicted problems, or new
possibilities previously not available. It should take into account the BAT
principle, including techniques that may improve the revitalization process, and
should apply the research results.

Program evaluation and verification: An important element of any
effective management system is permanent control of each step of activities. It
allows the advisory group to analyze the coherence among actions. Control
should be systematic, documented (through reports) and verified to provide an
objective picture of activities. It should evaluate if the integrated management
strategy applied for a given postindustrial area is in accordance with the ap-
proved program, and national and international legal standards.

4. Selected Case Studies

4.1. INTEGRATED MANAGEMENT STRATEGY AT THE FORMER CHEMICAL
PLANT IN TARNOWSKIE GORY

At Tarnowskie Gory, the soils and the quaternary groundwater are heavily
contaminated with heavy metals and boron, originating from uncontrolled waste
disposal in the vicinity of the chemical plant closed down in 1995. It is
hazardous to the Triassic reservoirs, the Major Groundwater Basins (MGWB)
no. 330 and 327, the main sources of potable water, and it may potentially
affect the population of more than 600,000 (Malina, 2004). The general
management goal is to protect the drinking water supply function of the
MGWB 330. Due to complexity related to the site conditions, contaminant
characteristics, organization, regulatory aspects, and/or considerable costs, an
integrated approach is recommended to manage risk for the defined receptors
(Malina et al., 2006).
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The conceptual model includes the primary (hazardous waste deposits) and
secondary (contaminated soils and quaternary sediments) sources of contami-
nation. Contaminants are leached out from the waste heaps and infiltrate
through the unsaturated zone and aquifers, accumulate there, and/or migrate
further and deeper through the hydrogeological windows (i.e., discontinuities
of overlying nonpermeable clay layers). Based on: (i) frequency of occurrence,
(i1) fate, mobility, persistence, and abiotic natural attenuation (NA) potentials,
(ii1) toxicity and impacts to the receptors, and (iv) data availability, the priority
contaminants (As, Ba, B, Cd, Sr, and Zn) were selected. Three major risk
clusters (zones in which the risks can be managed in a defined way) were
identified that are oriented on receptors, pathways, boundary conditions, and
stakeholders’ interests. Within each cluster, the primary and secondary conta-
mination sources were recognized. Based on the existing and/or predictable
groundwater contamination, the Risk Management Zone (RMZ) was delineated
(an area where the requirements of the WFD may not be fulfilled for a defined
period of time). The RMZ provides space and time to manage risks for the
receptors in a cost-effective way. Four planes of compliance were derived, i.e.,
the horizontal or vertical borders, at which a certain concentration or a mass
flux have to be achieved, to comply with the site-specific threshold values.

The Risk Management Scenarios (RMS) were developed according to the
following possible measures for risk clusters: (i) source-oriented, i.e., capping
or removal of dumping sites (primary sources), contaminant immobilization in
soils and quaternary deposits (secondary sources), (ii) pathway-oriented, i.c.,
the construction of internal/external hydraulic barriers, and (iii) receptor-
oriented, i.e., monitoring and development of a specific water extraction regime
at the receptors (wells). The effectiveness of these RMS in fulfilling the
management goals was analyzed based on: (1) containment of the boron plume
within the RMZ, (2) stabilization of the contamination plume within the current
boundaries, and (3) maximum possible reduction of the contamination plume
within a moderate time frame.

Three potential RMS were built up: S1-controlled NA (source removal +
monitoring/control of the hydrological regime), S2-active groundwater remedi-
ation (source removal + groundwater cleanup + monitoring), S3-engineered NA
(source removal + increased groundwater extraction within the RMZ +
monitoring).

The final RMS was not selected due to uncertainties in boundary conditions.
Currently, the scenario S1 is implemented; however, two other scenarios are not
excluded. The management plan was accepted by the GOS that includes: (i)
construction of a controlled landfill (area: 16 ha, capacity: 1.6 x 10° m®) where
waste from dumping sites, debris, and contaminated soils are deposited in a way
that complies with the legal Polish and EU requirements, (ii) revitalization
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of the river valley, (iii) reclamation of previous dumps (~50 ha) with allo-
cation of ~10 ha for further use, and (iv) continuous long-term monitoring of
environmental compartments (soil, water, and air). The results of simulation
studies show that waste removal and deposition in the controlled landfill should
have a moderate effect on improving groundwater quality in short (30 years)
and medium (60-80 years) time frames. It guarantees that some of the risks at
the surface are moderated or eliminated, whereas the risk, due to the secondary
sources of contamination, is attributed mainly to groundwater quality within the
RMZ. The RMZ is formally included in the watershed management plan reali-
zed jointly by the local and regional administration, and the chemical plant
liquidator. Monitoring focuses on the Triassic aquifers to trace migration of
contaminants (pathways) from the dumping sites (primary sources) and quater-
nary sediments (secondary sources) to the water wells (receptors).

4.2. MANAGEMENT OF THE POSTINDUSTRIAL AREA IN BOGATYNIA

Strip mining of lignite in the area of Bogatynia resulted in formation of
excavations and external dumping grounds. The 5000 ha area exploited by the
brow coal mines (KWB) “Turow” is one of the largest in Europe. In 1962, the
electric power plant was opened and became the largest source of pollution
emitted to the atmosphere in the area. Moreover, the sources of pollution
located at the area between Saxony (Germany), Czech Republic, and Poland
caused the ecological disaster, and the area was named a “Black Triangle”.

Investigations made in 1975-1976 indicated that above 75% of pollution at
the Polish part of this area was originating from old electric power plants in the
former East Germany and Czechoslovakia. This problem drew public attention
only in the mid-1980s when forests died in the Karkonosze and Izerskie
mountains. In 1990, the KWB and the power plant were put on the “List of 80”.
In 1991, an international program was created and signed by the ministries of
environment of Poland, Germany, Czechoslovakia, and the EU. A working
group was established to deal with the environmental problems. The program
was sponsored by the US Pew Charitable Trust Foundation. The main goal was
to improve the environmental quality to reach the status of this area comparable
to EU standards, mainly with respect to air quality. Air contamination levels
exceeded all possible standards and resulted in soil acidification. In order to
stop further soil degradation, environmental monitoring was initiated. Analyses
of soil, air, and water quality monitoring data allowed for assessing the asso-
ciated risks.

Reclamation of dumping sites of the KWB “Turéw” has been carried out
since the 1960s (Krzaklewski and Wojcik, 1996; www.Turow.com.pl). It took
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into account acidification of overlying deposits, mainly carbon-containing
condensed tertiary clays (bad aeration and deficit of water available for plants).
On the dump slopes the following treatment was realized: neutralization of
acidified soils, planting of papilionaceous plants and grass using traditional
methods of seeding, as well as the avio-hydroseeding method, followed by
forestation. Fast forestation of dump slopes after avio-hydroseeding allowed for
good protection against erosion. These activities resulted to date in 186 ha of
forests. Annually, ~80 ha of degraded areas are the reclaimed.

Besides reclamation of degraded areas, actions have been undertaken to
prevent further environmental degradation since the 1990s. In KWB “Turow”
monitoring has been working since 1997 to control all sources of waste gene-
ration. Waste management is based on preventing waste generation, recycling,
and reuse. An integrated system of quality management and occupational
hygiene according to ISO was introduced at the Turéw power plant. Continuous
reclamation of the areas in the vicinity of the mine and power plant resulted in
their removal from the “List of 80 in 2001. For realizing the complex program
of ecological reclamation, both plants were awarded the title of the Leader of
Polish Ecology in 2002.

The electric power plant is currently run according to the sustainability
principle, and is recognized as “environment friendly”. In 2003 it obtained the
integrated license for use of the environment. The mine and the power plant,
together with the authority of Bogatynia, carry out intensive works to reclaim
natural conditions in the Turoszow and Bogatynia regions. The integrated
management strategy in the case of these postindustrial areas includes:

e Diagnosis of reasons and status of degradation (mining activity, emission of
contaminants from power plants in Poland, Czech Republic, and Germany)

e Remediation of soil/land and groundwater, surface water cleanup, reduction
of gases, and dust emissions to the atmosphere

e Continuous modernization of the power plant and the mine (new power
units, transport of ashes, a wastewater treatment plant, reduction of noise)

e Continuous cooperation between Poland, Germany, and Czech Republic
aimed at air protection within the former “Black Triangle” area (cofinan-
cing, joint projects, etc.)

e Implemention of an integrated environmental monitoring, systems of quality
control, and environmental and occupational hygiene management acc-
ording to ISO



92 INTEGRATED MANAGEMENT STRATEGY

4.3. MANAGEMENT AT THE FORMER ZINC SMELTER IN PIEKARY SLASKIE

The zinc smelter “Warynski” in Piekary Slaskie that operated since 1927 was
closed down in 1990. Currently, this postindustrial area is owned by the
mining—metallurgy complex (KGH) “Orzet Bialy” in Bytom. Under the super-
vision of the US EPA, the revitalization program was established that included:

e Retrospective review of activities carried out at the area

Detailed site characterization based on collection of existing data
e Development of revitalization scenarios
e Feasibility study

At the area of more than 60 ha, ~3 million tons of diverse industrial waste
products were deposited, including additional waste from the copper smelter in
Legnica. Results of the studies indicate soils/land contamination with heavy
metals (As, Zn, Cd, Pb) and need for remediation. To date, all buildings and
technical infrastructure have been demolished and the dumps reclamation
was started. Except the funds of KGH, the Regional Fund for Environmental
Protection in Katowice provides financing.

The present owner has declared to transfer the reclaimed areas to the
commune of Piekary Slaskie. According to the local development plan, the area
will be reused for: service and craft, recreation, trade centre purposes, and for a
controlled dumping site.

5. Conclusions

The most important issue in managing postindustrial areas is to define reasons
of degradation and to evaluate possibilities of their revitalization. It requires
risk assessment, and diagnosis of contamination sources and levels. Identi-
fication of problems is a prerequisite for developing management mechanisms.

The integrated management strategy for postindustrial areas is based on
conscious and intentional aggregation of all actions related to remediation,
reclamation, and revitalization of industrially degraded areas, as well as restruc-
turing of the economy and human resources. It is a long-term and complex
process that comprises many fields and requires many tasks and activities to be
carried out:

e Appointing the institution responsible for the management, and creating the
group of principal stakeholders

e Elaborating the register of post industrial areas

e Preparing maps of spatial distribution of contaminants and degradation
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e Developing databases (preferably GIS databases) including all information
related to postindustrial areas

e Cooperating with countries having experience in dealing with postindustrial
areas

e Applying R&D results in terms of innovative technologies in remediation,
reclamation, and revitalization

¢ Organizing courses and workshops on management of postindustrial areas

e Participation of representatives of national and local governments, research
institutes, foundations, NGOs, etc.

o Adjusting the legal and financial status of postindustrial areas, and defining
ways of financing

e Cooperation between the owners of postindustrial areas and local
governments for planning and taking decisions (i.e., stakeholder cooperation)

e Working out and applying systems of reduced tariffs and stimulus for
potential investors

e Promoting postindustrial areas, informing local societies about the planned
direction of further use, improving ecological education and awareness

The National Program for Postindustrial Areas gives the basis, and formal and
legal framework for developing the integrated management strategy to reclaim
and revitalize contaminated/degraded abandoned areas.
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8. INDUSTRIAL ECOLOGY IN TRANSITION COUNTRIES:
HISTORICAL PRECEDENT AND FUTURE PROSPECTS
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Abstract: Industrial ecology uses the structure and processes of natural
ecosystems as a model for organizing industrial activities, seeking to integrate
wastes and by-products into the production process thus reducing the need for
material extraction and waste disposal. In this paper we discuss the theory and
practice of industrial ecology as developed in the former centrally planned
economies, and make observations on the suitability of industrial ecology in
current transition countries. We describe the Soviet concepts of “combined
production” and “waste-free technology”, and show that Soviet scientists were
familiar with many fundamental elements of modern industrial ecology.
Although the potential environmental benefits of industrial ecology were
recognized by central planners, industrial ecology was pursued primarily as
a means to increase production. We then discuss issues specific to the (re)
implementation of industrial ecology in transition countries, such as appropriate
policy instruments, the relation between economic growth and environmental
impacts, the question of central planning versus spontaneous organization of
industrial interactions, the valuation of resources and environmental exter-
nalities, and the underlying goals of industry and society in the context of
changing material aspirations among the populations of transition countries.
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1. The Modern Concept of Industrial Ecology

Environmental security literature in recent years has recognized dual roles for
industrial production in modern society, both as a source of material welfare
as well as a cause of ecological stress. The concept of industrial ecology is
increasingly noted for its potential to reconcile manufactured abundance with
minimized environmental impact (Frosch and Gallopoulos, 1989; Graedel and
Allenby, 2003).

1.1. WHAT IS INDUSTRIAL ECOLOGY?

Industrial ecology is an approach to organizing industrial systems that uses
natural biological ecosystems as a model. The structure and processes of natural
ecosystems, including the complex interactions of organisms with each other,
are used as a basis for creating industrial networks. The traditional pattern of
industrial production/consumption is a linear flow, where raw materials are
extracted from nature, processed in factories and used by consumers, and then
disposed as waste back to the environment (Figure 1a). Industrial ecology seeks
to integrate wastes and by-products back into the production process, thus
reducing the demand on nature for material extraction and waste dumping
(Figure 1b). This approach closes material cycles and reduces the need for raw
material input and pollution output.

b) limited material
resources source

waste
recovery

industrial
production

unlimited

a) unlimited
resources

waste

production

consumptionb limited
waste

Figure 1. Material flows in (a) traditional linear industrial system and (b) industrial ecology

system.
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A key component of industrial ecology is the exchange of by-products or
waste material among different firms for mutual economic and environmental
benefit. In such a case, one enterprise gains by having ready access to a needed
raw material, and the other benefits by either reducing waste disposal costs or
increasing revenues. Ceteris paribus, the environmental impact is lower if the
first enterprise extracted virgin material and the other released its waste into the
environment. This integration and optimization of material and energy flows of
industrial activities avoids the creation of pollutants rather than polluting first
and then cleaning up.

Industrial ecology is often expressed as a symbiosis where groups of Indus-
tries work collaboratively through exchanges to reduce total natural resource
consumption while simultaneously increasing individual profitability. In prac-
tice, it is best implemented in “eco-industrial parks”, which build community
networks of industries that interact by sharing utility inputs and making use of
each other’s by-products. There are numerous successful examples of industrial
ecology in Europe, North America, and elsewhere.

1.2. EXAMPLE OF MODERN INDUSTRIAL ECOLOGY: KALUNDBORG

The best known example of industrial ecology practice is in Kalundborg,
Denmark, an industrial port city of 20,000 people. A cooperative network
has developed between several industrial companies and the Municipality of
Kalundborg. One company’s by-product becomes an important resource for
other companies (Kalundborg Centre for Industrial Symbiosis, 2006). Resources
exchanged by the firms include steam, heat, fly ash, gypsum, sulfur, and organic
sludge that otherwise would have been unwanted waste (Figure 2).

Residual heat from the coal-fired Asnas power station is recovered and
used as district heating for the city of Kalundborg and as process steam for
industrial production. The combination of heat and power production results in
a 30% improvement of fuel utilization compared to separate production of heat
and power. Approximately 4500 households in Kalundborg receive district heat
from the power station. The Statoil oil refinery receives process steam and
water from the power station. The steam covers about 15% of the refinery’s
total consumption of steam. The refinery uses the steam for heating oil tanks,
pipelines, etc. The Novozymes enzyme factory and the Novo Nordisk phar-
maceutical factory use steam from the power station for the heating and
sterilization of the processing plants. Some of the cooling water from the power
station is used by a fish farm producing 200 t of trout and salmon per year. The
fish have better growth conditions in the heated water.
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Figure 2. Material and energy exchanges in the eco-industrial park in Kalundborg, Denmark.

The desulfurization plant of the power station, which removes sulfur
dioxide from the flue gas, produces about 200,000 t of gypsum per year.
Desulfurization is a chemical process in which sulfur dioxide is removed while
forming gypsum as a by-product. The gypsum is sold to BPB Gyproc, a
company that manufactures plasterboard products for the construction industry.
The gypsum from the power station significantly reduces the import of natural
gypsum. Being more uniform and purer than natural gypsum, power station
gypsum is therefore well suited for the plasterboard production. Gypsum
recovered by the municipal recycling station of Kalundborg is also delivered to
BPB Gyproc, thereby further reducing imports of natural gypsum and the
amounts of solid waste for landfilling.

The power station removes fly ash from the smoke to reduce emissions to
the atmosphere, thus producing about 30,000 t of fly ash per year. The ash is
used in the cement industry as a cement-blending agent. The largest ash
customer is Aalborg Portland. Ash deriving from the firing of orimulsion, a
bitumen-based fuel, is recycled in a plant in Great Britain. Nickel and vanadium
are reclaimed from this ash.

Enzyme production at the Novozymes enzyme factory is based on fermen-
tation of raw materials such as potato flour and cornstarch. The fermentation
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process generates as by-products about 150,000 m® of solid biomass and about
90,000 m’ of liquid biomass per year, containing nitrogen, phosphorus, and
lime. After inactivation and hygienization, local farmers use the material as
fertilizer in the fields, thereby reducing their need for commercial fertilizers.

The insulin production at the Novo Nordisk pharmaceutical factory
produces yeast as a residual product, which is converted into yeast slurry that is
used as feed for pigs. Sugar water and lactic acid bacteria are added to the
yeast, making the product more attractive to pigs. The yeast slurry replaces
~20% of the soy proteins in traditional feed mixes. Over 800,000 pigs are fed
per year on this product.

The desulfurization plant at the oil refinery reduces the sulfur contents of
the refinery gas leading to significantly reduced SO, emissions. The by-product
is used in the production of ~20,000 t of liquid fertilizer roughly corresponding
to the annual Danish consumption. In addition, sludge from the municipal water
treatment plant in Kalundborg is utilized at Bioteknisk Jordrens Soilrem as a
nutrient in bioremediation processes.

The exchange of resources between industrial companies in Kalundborg
provides a number of advantages. Through recycling, the by-product of one
company becomes an important resource for another company. This leads to
improved economy and reduced consumption of resources, e.g., water, coal, oil,
gypsum, fertilizer, etc. The overall environmental strain is reduced, including
discharges of wastewater, CO,, and SO,. The utilization of energy resources is
improved through the use of residual heat and waste gases.

2. Theory of Industrial Ecology in Centrally Planned Countries

While generally considered to be a modern, state-of-the-art concept originally
popularized in a 1989 article (Frosch and Gallopoulos, 1989), the fundamental
approach of industrial ecology has existed for many decades in countries
with both market economies (Erkman, 1997; Desrochers, 2005) and centrally
planned economies (Sathre and Grdzelishvili, 2006). In this section we discuss
the theoretical development of industrial ecology in the former centrally planned
states, drawing information from original documents in Russian as well as
international scientific literature.

2.1. REVIEW OF PREVIOUS LITERATURE

Several authors have noted the parallels between particular aspects of industrial
ecology and the structure of industry in centrally planned economies. Erkman
(2002), in an overview of the recent history of industrial ecology, acknow-
ledged that examples of industrial ecology-like thinking existed in the former
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Soviet Union, particularly in the areas of resource and waste optimization, but
did not describe or document this in detail. Hewes (2005), in a study of the
social relations and initiatives required for the successful development of eco-
industrial parks, described examples of industrial symbiosis that existed in
Soviet Ukraine, as well as efforts underway to reestablish those links within the
current market economy. Gille (2000) described the establishment, implemen-
tation, and partial abandonment of claborate mechanisms to reuse waste
materials in Hungary, beginning in the 1950s and continuing to the market
economy transition in the 1990s. This study shed light on the motivations,
policies, and “pathologies” of industrial ecology in a centrally planned
economy. Desrochers and Ikeda (2003) contrasted this Hungarian experience to
historical efforts towards waste reuse in market economies, arguing that the
most accurate means to determine the “least wasteful” uses for materials is
through market prices that provide an index of scarcity for alternative materials
and products. Sathre and Grdzelishvili (2006) provided a comprehensive
overview of the theory and practice of industrial symbiosis in the former Soviet
Union, upon which much of the historical information in the present paper is
based.

2.2. COMBINED PRODUCTION

Soviet leaders asserted that large-scale industry would best create the material
basis of a communist society (Blackwell, 1994). To increase industrial
productivity, they promoted a form of industrial ecology termed “combined
production” (kombinirovanaia produksia). A year before the Bolshevik revolu-
tion, Lenin outlined the economic benefits of combined production, a practice
that he described as:

the grouping in a single enterprise of different sectors of industry, which
represents either consecutive steps in the processing of raw materials (for
example, the smelting of iron ore into pig iron, the conversion of pig iron
into steel, and the further manufacture of different products from steel), or
cooperation between industrial sectors (for example, the utilization of waste
materials or byproducts, the production of packing materials, etc.). (Lenin,
1916, p. 312)

Influenced by the directives of Lenin, Efimov and Zhukova (1969) categorized
three forms of combined production in Soviet industry. They spoke first of
combination through coordination of different processes of output, in which
all or many of the industrial actors needed to produce a certain product are
geographically proximate. An example of this is the Magnitogorsk Iron and
Steel Works at which all stages of metallurgical production are located, from
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extraction of ores to production of rolled metal, as well as production of coke
and other required inputs. Secondly, they noted combination through the
complex utilization of raw materials, in which multiple finished or intermediate
products are obtained from a given raw material. For example, coal, oil, or
complex metal ores are subjected to various thermal and chemical processes to
make usable all the elements of the input resource. Lastly, they recognized
combination through the utilization of waste, which is similar to the complex
utilization mentioned above, but focused on by-products of industrial pro-
cessing of other principle materials. An example is the further use of wood
processing residues that result from the manufacture of sawn lumber. Efimov
(1968) described the advantages of combined production thus:

Combination of production ensures the fullest possible use of raw materials
and the waste left over after their primary processing, reduces investments,
and raises production efficiency indices. It reduces expenses on shipments
of raw materials and half-finished products, accelerates production pro-
cesses, ensures utilisation of wastes, gives rise to absolutely new products
and materials (synthetics, plastics, etc.) into existence, makes mining
operations cheaper because it allows utilisation of poorer types of raw
materials, permits fuller use of the raw materials already brought to the
surface, and reduces the range of employment of organic raw materials and,
consequently, the amounts spent to obtain them. (Efimov, 1968, p. 201)

Note that the benefits listed are those that increase production or decrease costs,
and environmental benefits were not explicitly considered.

2.3. WASTE-FREE TECHNOLOGY

As environmental awareness began to grow in the 1970s, the Georgian scientist
Davitaya (1977) perceived the analogy relating industrial systems to natural
systems as a model for a desirable transition to cleaner production:

Nature operates without any waste products. What is rejected by some
organisms provides food for others. The organisation of industry on this
principle—with the waste products of some branches of industry providing
raw material for others—means in effect using natural processes as a model,
for in them the resolution of all arising contradictions is the motive force of
progress. (Davitaya, 1977, p. 102)

In Soviet theory, environmental problems had a social basis and were engen-
dered by specific social conditions (Granov, 1980). The causes and solutions
of environmental degradation depend on the social forces that prevail in
society and on the interests that those forces pursue. Problems result because
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technology in the Western world is owned by a specific social class who use it
to extract profits and enrich itself rather than benefiting society as a whole.
Communism alone, according to this theory, is free of private ownership and
other selfish interests and is therefore capable of finding the optimal solution to
meeting the aspirations of all social strata. It was recognized, however, that:

[u]nder socialism the urgent problems of environmental protection do arise
in the course of scientific and technological progress. This happens,
particularly due to the fact that the socialist countries have not yet deve-
loped the new productive forces to the desired extent, which would make
the environmental pollution minimal, above all, by creating a closed-cycle,
no-waste production process. (Granov, 1980, p. 93-94)

Thus closing material loops came to be seen as an ultimate solution to envi-
ronmental problems, to be achieved through continued economic and
technological development. This affirmation of the validity of the envi-
ronmental Kuznets curve' allowed the continued pursuit of increased industrial
production while accommodating growing concern for environmental issues.
The specific approach used by Soviet scientists and engineers was termed
“waste-free technology”. This concept, introduced in the 1980s, shared much in
common with the earlier ideas of combined production, though it placed
emphasis not only on raising the indices of resource utilization but also on
lowering indices of waste emission:

Soviet policy encourages the wide use of waste-free technological processes
and the introduction of effective methods for complex use of raw materials
and waste. Specialists emphasise the modern scientific technological poten-
tial to transition from extensive methods of utilization of natural resources
to intensive, resource-saving technologies. This transition is important because
reduced waste ad waste-free technologies successfully solve problems of
environmental degradation and pollution. Thus, criteria for the selection of
new technologies will be not only the economic effect, but will take into
account all socio-economic consequences of the incomplete use of
resources. (Turkebaev and Sadikov, 1988, p. 18)

Towards this goal of industrial production with reduced environmental impact,
the development of complex industrial ecosystems and the importance of a
diversity of actors were acknowledged by Soviet scientists who stated that:

'The environmental Kuznets curve, an inverted U-shaped relationship between income and
pollution, suggests that environmental degradation increases during initial stages of economic
growth but then declines with further economic development.
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[t]he principle of waste-free technology cannot always be introduced in
an individual enterprise, but is definitely applicable in a big industrial
economic system, e.g., a territorial industrial complex with multi-sectoral
structural management. Here, based on deep inter-sectoral cooperation,
cyclical use of raw materials and wastes in different industries could
develop. This kind of resource use offers tight interweaving of the flows of
initial resources and waste materials between regional sectors of industrial
and agro-industrial complexes. The ideal symbiosis of industry in the near
future should be a cycle where there is no beginning and no end. (Turkebaev
and Sadikov, 1988, p. 18-19)

Such progressive thought and eloquent expression would not be out of place in
a journal article or conference proceedings written today by modern practitioners
of industrial ecology.

3. Practice of Industrial Ecology in Centrally Planned Countries

In this section we briefly illustrate the implementation of industrial ecology
techniques in command economies by presenting examples of combined produc-
tion and waste-free technology in several sectors: a metallurgical facility in
Ukraine, the forest products sector in Latvia, and heat cascading in many areas
of the former Soviet Union. We then discuss the motivations and limitations of
industrial ecology as practiced in centrally planned economies.

3.1. EXAMPLES OF CENTRALLY PLANNED INDUSTRIAL ECOLOGY

3.1.1. Metallurgy

The Nikopol manganese ferroalloy facility in Ukraine was a large electro-
metallurgical production complex that included smelting, sintering, and elec-
trode manufacturing operations, plus electricity production, transport operations,
and ancillary workshops (Zubanov and Velichko, 1988). The complex produced
about 1.5 million tons of slag annually, which had been simply dumped into slag
piles covering previously fertile agricultural soil. This was representative of
other ferrous metallurgy facilities throughout the USSR, where in total more
than 75 million tons of slag was produced annually during iron and steel manu-
facture. A project entitled “Waste” (Otkhody) was implemented at the complex
during the 1980s, with the stated goals of efficiently using waste materials from
production, and reducing air pollution problems.

Usage of four types of waste materials — gas, dust, sludge, and slag — was
pursued (see Figure 3). Blast furnace gas generated during the ferroalloy pro-
duction was collected. After appropriate cleaning, the gas was used as industrial
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process fuel and for the heating of domestic buildings. Other by-products
suitable for reprocessing were dust and sludge from the dry and wet cleaning of
blast furnace gas. Sludge from the sintering plant was pelletized and returned as
raw material for ferroalloy production. Some sludge was used in concrete
building materials, and future plans were developed for using the sludge as an
additive in the production of manganese-rich fertilizer. Scientists found that
the crystallized slag had qualities of high wear resistance, heat resistance,
mechanical strength, thermal stability, and dielectric character, and so was
suitable for various uses. They determined four main directions for reprocessing
the slag. Some was crushed and used as gravel for road construction and
building foundations, ballast for railways, and aggregate for concrete. Some slag
was crushed and separated, yielding a metal concentrate that included about 60%
manganese. It was used in the production of ferroalloy, and also was sold as raw
material containing manganese. Molten slag granulated by contact with water
was used as an additive for reinforced and mass concrete constructions, for
cinder blocks used as thermal insulation, and for backfilling. Lastly, “slagstone”
was produced by the casting or moulding of molten slag. The key to this method
was the regulation of the crystallization of slag. Slagstone products included fire
blocks, refractory linings, pipes, and panels.
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Figure 3. Schematic diagram of utilization of by-products from the Nikopol metallurgical
complex in Ukraine. (Translated and redrawn from Zubanov and Velichko (1988)).
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3.1.2. Forest Products

Vikulina (1983) described efforts in Soviet Latvia to increase the overall
efficiency of forestry and wood processing industries. Part of this initiative
involved the recovery and utilization of by-products of forestry activities. In
particular, logging residues including branches, needles, and treetops, which
had previously been left in the forest after the harvesting of commercial
stemwood, were recovered. The potential resource available was on the order of
20 million tons annually. Uses for the logging residues included cellulose fibre
for paper, vitamin flour (a feed supplement for cattle made from needle-bearing
conifer twigs), and pharmaceuticals including chlorophyll carotene paste and
petroleum ether.

One problem encountered was that the various components of the logging
residues were mixed, reducing its suitability for specialized applications.
Manual separation was slow and inefficient. Based on technology used in seed-
cleaning machines in the agricultural sector, Soviet technicians developed
a cyclone separator to divide the various fractions of logging residues for
different uses. The lightest fractions such as needles, leaves, and twigs were
used for vitamin flour and pharmaceuticals. The heavier fractions could be used
for cellulose pulp production or as biofuel. Research continued on development
of machinery to separate this fraction into high value pulping chips and lower
value biofuel. A reported advantage of the increased efficiency of forest product
use was the potential reduction in the total forest harvest needed.

3.1.3. Heat cascading

Cascading of heat resources was widely implemented in the Soviet Union in the
forms of combined heat and electricity generation, and the recovery of heat
from industrial processes. As early as the 1920s, power plants in Ukraine not
only produced electricity but also provided hot water to heat greenhouses, fish
farms, and other adjacent enterprises (Hewes, 2005). By 1975, about 29% of all
electricity generated in the Soviet Union came from combined heat and power
plants, operating at overall conversion efficiency of up to 70%, compared with
40% efficiency of steam plants supplying only electricity (Dienes and Shabad,
1979). The comparatively high usage rate has been partially attributed to
differences in property rights between the Soviet Union and some Western
countries, leading to differences in transaction costs and treatment of exter-
nalities that favor utilization of district heating, and combined heat and power
(Mcintyre and Thornton, 1978).

The recovery of industrial process heat, particularly in the metallurgical
sector, was widespread. The production of 1 t of ferrous metal, for example,
required the heating of 100 t of water that could then be used for secondary
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purposes. Additional waste heat was found in slag and blast furnace gas. It is
reported that 55% of recoverable heat in the metallurgical sector was utilized as
a secondary resource (Efimov, 1968).

3.2. MOTIVATION FOR IMPLEMENTING INDUSTRIAL ECOLOGY

Notwithstanding the progressive theories developed by scientists in the Soviet
Union and other socialist states, and despite the growing awareness of the
severity of environmental problems, in practice the primary raison d’étre of
industrial ecology in centrally planned economies continued to increase pro-
duction. Faced with growing societal demand for increased material welfare but
with limited means to satisfy all demands, industrial symbiosis was part of an
attempt by central planners to get by “on the cheap” (CIA, 1989, p. iii). In the
Five Year Plan of economic and social development for the period of 1986—
1990, Soviet Communist Party officials declared that:

[r]esource conservation should be transformed into the main means of
satisfying the growing demand in the national economy. Satisfaction of
75-80% of the growing demand for heating, energy and materials should be
covered by using the resources more economically...[through]...complex
use of natural and material resources, maximal reduction of losses and non-
rational consumption, and wider integration of bio-resources and secondary
resources into the economic circulation. (KPCC, 1986, p. 274)

It thus appears that industrial ecology was viewed by Soviet leaders as a
panacea to satisfy the growing material demands of society, becoming the last
in a series of proposed technological panaceas that included electrification,
mechanization, chemicalization, automation, and cybernetics (Hutchings,
1976). In Soviet thinking,

[tlechnological progress offers a possibility of making a more effective use
of economic resources and of obtaining a bigger economic effect with
relatively low expenditure. This creates an opportunity for substantially
increasing the rates of growth of the output of consumer goods... (Efimov,
1968, p. 15)

Thus Soviet industrial symbiosis was Jevons’ “rebound effect” by design —
increasing the efficiency of production with the specific intent of raising total
production and consumption. This illustrates the contradiction of the approach
to industrial ecology as implemented in the centrally planned economies, reflec-
ting the fundamental goals of industry and of the society it served. As the core
objective was to increase material consumption (i.e., physical growth) the
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marginally increasing the technical efficiency of industrial processes could not
eliminate environmental problems, but at best postpone them.

4. Implementation of Industrial Ecology in Transition Economies

Can the transition countries take advantage of the legacy of centrally planned
industrial ecology, as they shift from a state-planned organizational structure to
an industrial system planned and implemented by private firms within a policy
context defined by government? In this section we seek to understand the
conditions necessary for the success of industrial ecology activities, the poten-
tial obstacles to the realization of industrial production with reduced environ-
mental impact, and how industrial ecology might be fomented in transition
countries to contribute to the development of sustainable industry. The tran-
sition countries are diverse both in terms of their varied industrial and envi-
ronmental experiences during the centrally planned era, as well as their more
recent developmental pathways towards a market economy. Here we do not
focus on this diversity, but instead highlight general themes that may be common
to many of the transition countries, acknowledging that not all observations will
apply to every country.

4.1. POLICY AND ECONOMIC FRAMEWORKS

4.1.1. Policy instruments to encourage industrial ecology

As discussed above, the actual environmental performance of centrally planned
industry was less than optimal, in spite of progressive theoretical considera-
tions. Furthermore, the complex intersectoral linkages mandated by central
planners were dissolved by the collapse of the command economies, resulting
in industrial disruption (Oldfield, 2000). Today, significant improvements in the
environmental performance in transition economies can result from improved
resource management and technological modernization linked to new organi-
zational arrangements. An appropriate environmental policy framework, if
enforced rigorously, can encourage investment and operational decisions to
incorporate environmental consideration (OECD, 2000). Much attention is
currently focused on the management and policy aspects of industrial ecology,
seeking to develop appropriate interorganizational and intraorganizational
structures (Korhonen et al., 2004). In transition countries, such structures fulfill
the roles that were previously played by central planners and state enterprises.
A policy framework to promote industrial ecology can include various types
of instruments including regulatory, economic, and information sharing (OECD,
1999). Regulatory or legal instruments including environmental standards
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should encourage continual improvement rather than formalistic compliance.
Current environmental legislation in most transition countries provides incen-
tives for end-of-pipe techniques, rather than process changes and intersectoral
integration that characterize industrial ecology. One example of legislation that
favors industrial symbiosis is umbrella licensing, which implies licensing a
group of firms instead of a single firm (Eilering and Vermeulen, 2004). The
umbrella license establishes a ceiling for the various forms of environmental
burdens such as emissions to air or water, within a geographic area covered
by the license. Within the area, the licensed firms agree amongst themselves,
the most efficient way to collectively obey the limits, which may involve
exchanging or selling emission rights between the firms covered by the
umbrella license.

Economic instruments applied by governments can also play important roles
as incentives or as deterrents (OECD, 1999). The phasing out of subsidies that
encourage the inefficient use of energy, water, and raw materials can lead to
both environmental and economic benefits. Measures to create incentives for
enterprises to adopt industrial ecology, e.g., research and development schemes
and soft loans, could be used.

An open flow of information on the causes and potential solutions to envi-
ronmental degradation can facilitate the implementation of industrial ecology
(OECD, 1999). Efforts to improve communication within the industrial sector
can increase the local knowledge of opportunities for effectively closing
material cycles. Raising public awareness of environmental issues in general,
and impacts caused by industry in particular, can stimulate the implementation
of cleaner production techniques. This is especially relevant in the context of
consumer decisions informed by a government-administered environmental
labeling system for consumer products (Banerjee and Solomon, 2003).

4.1.2. Economic requirements in transition countries

The successful implementation of industrial ecology is more likely under
conditions of a stable economy, reliable cooperation between companies,
predictable supply of industrial inputs, and uniform and transparent environ-
mental regulations (OECD, 1999). Industry in transition countries is undergoing
a shift from centrally planned interaction to self-organization of industrial
actors. More generally, the role of government in representing environmental
interests’ vis-a-vis economic agents and interests is shifting. This is a question
of public versus private responsibility for pollution emission and resource
depletion, as well as involving more mechanical issues of availability of
knowledge for effective decision making (Sathre and Grdzelishvili, 2006).

In principle, market economies are coordinated by the flow of price
information, and decisions on industrial activities are made individually by
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market agents. In contrast, economic decisions in command economies were
made centrally, with industrial activity being coordinated by central authorities.
Waste products of one enterprise, which in a market economy might be valued
and used by an adjacent enterprise, may simply have been discarded by a
factory manager obeying material flow decisions made by distant planners who
were unaware of the local conditions (Ahlander, 1994). Thus the specific
knowledge of by-product availability and potential usage may be locally
available, but the authority and decision making in centrally planned economies
was distant, a point also raised by Desrochers and Ikeda (2003).

Different levels of decentralization in the transition countries affect the
outcome of economic measures and their impact on industrial restructuring. For
example, it is often considered that the Czech Republic, Hungary, Poland, and
the Baltic countries have been the more active reformers in many key aspects of
intergovernmental fiscal relations (Dabla-Norris, 2006). Many other countries
including Russia and some Central Asian states still need substantial reforms of
the incentive structures that govern intergovernmental fiscal relations in order
to obtain an efficient and well-functioning multitier system of government. The
current movement towards democratic forms of governance is a means of
increasing democratic participation in the decision-making process, thereby
enhancing accountability and transparency of government actions.

Nevertheless, market conditions in transition countries are not always
favorable for the implementation of industrial ecology activities (OECD, 1999).
In the transition from a centrally planned economy to a market economy, many
enterprises struggle for survival, facing unpredictable markets for their pro-
ducts. The level of production is difficult to predict, making it difficult to assess
the needs for inputs and the availability of by-products.

4.2. PRIORITIZING INDUSTRIAL ECOLOGY

4.2.1. Valuation of resources and environmental externalities

Environmental damage that took place in the past in transition countries is now
widely acknowledged, as is the continuing environmental disruption in many
of these countries. However, populations generally consider environmental
damage a secondary problem compared to the other hardships of the transition
period such as high inflation, persistent unemployment, lessened social cohesion,
financial arrears, adverse terms of international trade, and political instability
(OECD, 2000). Due to such conflicting priorities, the measures implemented by
other policy sectors, for example, economic policy and agriculture policy, often
work contrary to environmental policy (Glasbergen, 1996).
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One way this is manifested is the pricing or valuation of natural resources
and external costs related to industrial activities. The use of economic principles
to guide the efficient allocation of scarce resources depends on the existence of
appropriate measures of value. In the command economies, central planners
developed nonmarket methodologies to assign values to natural resource depo-
sits and products (Thornton, 1978). This method has been criticized for ineffi-
cient allocation contributing to environmental degradation (e.g., Goldman,
1972). Near the collapse of the Soviet Union, Soviet scientists admitted that:

[b]ecause of economic growth, there are also increasing problems with the
utilization of waste materials. But in solving this utilization problem, there
appears a negative side of the existing economic stimulation system of
industry. Usually, industries seek immediate reduction of expenses, are not
interested in complex use of raw materials, and do not take environmental
damage into account. The negative influence of people on the environment
is growing, and in some regions it has passed a critical point. (Turkebaev
and Sadikov, 1988, p. 8)

The Metodika guidelines were adopted in 1987 by the former USSR State
Committee for Environmental Protection, in an effort to calculate the true costs
of environmental damage (OECD, 2000). The approach of the Metodika was to
aggregate different pollutants into standard units and to assign economic value
to a unit of aggregate pollution. The national guidelines used specified
conversion coefficients to convert metric tons of emissions into “standard” tons
of emission, based on epidemiological data on the relative harm caused by
pollutants, emission source location, height of pipe, speed of emissions, and
climatic conditions.

The significance of the choice of valuation method is illustrated in an
example comparing the estimates of environmental damage costs as calculated
by the Metodika and the OECD-recommended methodology based on dose-
response function. As part of the analytical work to define priority environ-
mental actions in the Regional Environmental Action Plan, a team of Russian
and international specialists assessed the cost of environmental damages from
pollution. The results for three major air pollutants are shown in Table 1. The
Russian methodology consistently undervalued the cost of environmental
damage.

Nevertheless, market-based industrial systems have also been criticized for
lacking appropriate valuation of natural resources and environmental externa-
lities. In the practice of modern resource economics, the “optimal” use of envi-
ronmental resources and the most “efficient” level of pollution can be consistent
with environmental unsustainability (Ekins, 1996). Environmental externalities,
which were belatedly recognized by Soviet authorities as detrimental to social
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TABLE 1. Estimates of rates of health damage from air pollutant emission in Sverdlovsk Oblast,
using the Metodika methodology and the OECD-recommended methodology. (From OECD,
2000)

Damage (thousands of dollars/t) OECD method Metodika
Particulates 5 0.2
Lead 123 13

SO, 0.2 0.1

well being (Goskompriroda, 1989), are potentially significant in modern indus-
trial systems as well. Other valuation issues include intergenerational equity
questions linked to discount rates choices, intragenerational equity based on the
ability to participate in the market economy, and differentiation of nonrene-
wable and renewable resources. For these reasons it has been argued that, while
the centrally planned system lacked appropriate short-term to medium-term
signals to properly allocate natural resources, the market-based industrial
system may lack the necessary signals to properly allocate resources in the
medium to long term (Sathre and Grdzelishvili, 2000).

4.2.2. Levels of production and consumption

Possibilities of optimizing industrial processes and systems are limited if
overall levels of consumption are not addressed, with consideration of the
underlying goals of industry and of the society it serves. Consumption level is a
critical issue, particularly in the context of evolving material aspirations of the
populations of transition countries. Shevchenko (2002) observed the changing
consumption patterns in Russia during the transition from state socialism to a
market economy. Parallel to the dramatic increase in availability of consumer
goods, numerous socioeconomic factors encouraged a rise in consumption.
These include the use of goods as a form of investment and savings in the face
of unstable currency valuation, a form of insurance in case of future supply
disruption, and the purchase of security equipment as a response to uncertain
police protection. The introduction of a market economy has led to increased
car transportation causing urban air pollution, and rapidly increasing waste
production by households (Pavlinek and Pickles, 2004).

A significant increase in overall consumption levels has the potential to
trivialize marginal increases of production efficiency gained through industrial
ecology. This can be represented by the well-known equation

I=PxAxT

where / is environmental impact, P is population, 4 is affluence (or per capita
consumption), and 7 is the effect of technology. Industrial ecology activities
improve the efficiency of technology, T, allowing reduced environmental
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impact for a given production level. If, however, per capita consumption is
simultaneously increasing, the total environmental impact may rise or remain
unchanged. It is acknowledged that population change will also affect the
outcome of the equation, a significant issue in some transition countries.

Thus the contribution of industrial ecology to societal sustainability will
depend not only on the technological increases in resource use efficiency gained
within the production sphere, but also on the extent of overall production and
consumption within the context of societal metabolism.

5. Conclusions

Here we have outlined the theories of industrial ecology as developed under
centrally planned economies, and presented brief examples of combined
production and waste-free technology as practiced in the former Soviet Union.
We find that elements of industrial ecology were appreciated and practiced
from the early years of the Soviet Union and other command economies. By the
time of the collapse, industrial ecology was viewed by central planners as an
important approach to increase industrial efficiency. Soviet theories of Indus-
trial symbiosis were well developed, and included such elements of modern
industrial ecology as the analogy between natural ecosystems and industrial
ecosystems, and the benefits of having a diverse range of actors within an
industrial ecosystem. However, while the potential environmental benefits of
industrial ecology were eventually recognized and valued, central planners
pursued industrial ecology primarily as a means to increase production.

In the transition countries today, the potential exists to integrate the modern
environmentally focused technologies of Western countries together with the
extensive practical industrial experience of the centrally planned era. Large-
scale eco-industrial parks could be created based on existing infrastructure, by
extending cooperative links between individual facilities (Coyle, 1996). Perhaps
the implementation of industrial ecology seems unrealistic in the current
climate of economic fragility, persistent unemployment, and political instability
experienced in many transition countries. However, as the industrial systems
in the transition countries are (re)developed in the coming years, it appears
beneficial to incorporate industrial ecology practices for both economic and
environmental benefits (Grdzelishvili and Sathre, 2005).

Rehabilitation of industrial infrastructure in a way that encourages efficient
utilization of material and energy resources is a timely and appropriate task for
transition countries needing to build flexible, vibrant economies while
protecting natural heritage. Industrial ecology is a progressive framework that
guides the structuring of industrial activities to provide needed materials and
services while minimizing impact on the environment. While industrial ecology
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is not a technological panacea that allows unlimited, eco-friendly production, it
could be one element in a larger strategy of transforming society’s production
and consumption patterns toward more sustainable forms.
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Abstract: Strategic Environmental Assessment (SEA) is the formalized,
systematic, and comprehensive process of evaluating the environmental impacts
of a policy, plan or programme and its alternatives, including the preparation of
a written report on the findings of that evaluation, and using the findings in
publicly accountable decision making. Currently, SEA is applied primarily as a
means of minimizing the adverse environmental effects of the implementation
of proposed strategic actions. However, its potential shall also be explored as a
sustainability development tool. Given the flexible, transparent, participatory
nature of the SEA process and procedures, SEA implementation could play a
significant capacity building role in a sustainability-driven development process.
For the post-Soviet and post-socialist countries surviving the economic pressure
of the transitional process and an environmental legacy of unsustainable use of
natural resources, SEA, as a preventive planning tool fit for the open market-
oriented economy, may become of significant relevance. SEA implementation,
especially if developed in a synergism with other tools such as environmental
planning, risk assessment and management, and public participation in envi-
ronmental decision making, may decrease and/or mitigate environmental risks
of economic development and enable transitional societies to better meet
environmental security and sustainability challenges.
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1. Background

Strategic Environmental Assessment (SEA) is the formalized, systematic, and
comprehensive process of evaluating the environmental impacts of a policy,
plan or program and its alternatives, including the preparation of a written
report on the findings of that evaluation, and using the findings in publicly
accountable decision making (Therivel et al, 1992). SEA originally emerged as
an extension of project-level environmental impact assessment (EIA) and aimed
at evaluating the environmental impacts of the policies, plans, and programs
(so-called PPP concept) that had been already proposed. Most recently, SEA is
being seen as shifting away from the traditional “object” of assessment (draft
PPPs) towards a more encompassing view of the policy process and its political
dimensions, with special attention to decision making (Bina, 2003). This shift
significantly strengthens the potential of SEA as an instrument of sustainable
development. Gibson et al. (2005) call environmental assessment and the pur-
suit of sustainability “the marriageable pair...of two of the major concepts
introduced over the past few decades to improve the odds of continued human
survival on this planet”.

Unlike the project level EIA that has a certain prototype in almost every
national environmental protection system, SEA is seen as a new development,
especially for the transitional countries (for the purpose of this paper, we will
use the term “transitional countries” to describe the diverse group of the ex-
socialist states of Europe and Central Asia that are undergoing the process of
economic and political reform). The level of SEA introduction into national
legal and planning systems and its implementation varies significantly within
the group. On the one extreme, some countries have already gained con-
siderable practical experience in compliance with the European Union (EU)
SEA Directive (2001/42/EC) (e.g., the Czech Republic, Slovakia, and Poland).
On the other extreme, countries of Central Asia (such as Kyrgyzstan, Tajikistan,
and Uzbekistan) keep the environmental assessment procedures almost
unreformed and, according to Cherp (2001), there is little or no application at
the strategic level. A number of ex-Soviet states (Ukraine, Armenia, Georgia,
and Moldova) signed the United Nations Economic Commission for Europe
(UNECE) SEA Protocol (hereafter, SEA Protocol) to the Espoo Convention
(UNECE Convention on the Environmental Impact Assessment in a Trans-
boundary Context) at Kiev in 2003 and plan to ratify it within the course of the
next 4 years. Some other states in the region (e.g., Belarus) are now considering
possible accession to the SEA Protocol. These countries are steadily, though
with various scope and speed, moving towards practical implementation of
SEA by bringing the elements of international good practice into national
environmental assessment systems.



POTENTIAL OF S.E.A. FOR TRANSITIONAL COUNTRIES 119
2. Planning Context

The former Soviet Union countries in Eastern Europe, Caucasus, and Central
Asia are going through a transition from centrally planned to open market-
based economies. During this process they mainly abolished the highly
sectoralized and standardized system of economic planning that had existed, but
the alternative has not been sufficiently developed yet. The example of Ukraine
that is presented below might be, to a certain extent, considered as one of
the most extreme cases of planning “negativism” and is, in our view, quite
illustrative.

The analysis reported below is based on the findings of the UNDP/REC
Strategic Environmental Assessment — Promotion and Capacity Building
(Ukraine) project (2005-2006) that resulted in development of the National
Manual on SEA Protocol Implementation in Ukraine.

The Ukrainian system of the state prognosis of economic and social
development was analyzed as the key framework in which SEA should operate
and where major innovations should be sought. The following features of the
planning and prognosis system in Ukraine were identified:

o The legislative basis, strategic and tactical tasks of the system of prognosis
and indicative planning of socioeconomic development of the country are
identified and regulated by the Constitution of Ukraine, acts of legislative
and executive power, and an annual message of the President of Ukraine
to Verkhovna Rada of Ukraine. The long-term prognosis of economic
development is carried out by research institutions with participation and
assistance of the executive power bodies and is submitted to the Cabinet of
Ministers of Ukraine for agreement and confirmation.

e The national planning system as a whole is under serious transformation.
Planning, as it is understood in the higher income countries, does not exist
in Ukraine. There is an annual programming of the state and governmental
policy in the field of socioeconomic development. This programming
document is adopted together with the forecast of the state budget use and is
a budget-related document.

e The programme of socioeconomic development includes the components of
environmental strategic planning and prognosis, where SEA implementation
shall, in principle, take place. However, the process of program
development and adoption is not open and transparent, and decision making
is not flexible and is heavily dominated by economic incentives.

e Framework legislative, regulative, and organizational provisions and mana-
gement conditions for SEA system introduction to the general structure
of national programming and prognosis of economic development are
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contained in the Laws of Ukraine “On state prognosis and development of
the programs of economic and social development of Ukraine” (2000), and
“On the state targeted programs” (2004). These laws contain the require-
ments and conditions of development of the short-term and medium-term
national governmental programs but are not supported by the regulative
framework, and sufficient methodological basis.

e The practice of environmental planning and planning for sustainability is
nearly nonexistent.

e Sectoral agencies, such as the Ministry of Health Protection, Ministry in the
Affairs of Protection of the Population Against Natural Disasters and
Consequences of the Chernobyl Catastrophe, and Ministry of Transportation,
all have their own planning and prognosis systems that may use SEA.

3. Planning Theory

In order to proceed with further analysis and recommendations on the prospect
of SEA implementation in transitional countries, it is important to take a
broader look at the origin and possible development of the present situation. As
has been shown by Cherp (2001) and Cherp and Lee (1997), a significant part
of the environmental assessment system operating in post-Soviet countries is a
legacy of the centrally planned economy. This to a lesser extent applies to the
countries of Eastern and Central Europe, although part of the EA professional
community are still those who were trained and gained professional experience
in the conditions of a planned economy. At the same time, the very term
“planning” has been heavily discredited by the inefficient performance caused
namely by the centralization phenomena. This causes serious psychological
difficulties and, in some cases, professional resistance towards strengthening
of planning elements and introduction of planning instruments into national
assessment frameworks. Meanwhile, as seen from the decision cycle shown in
Figure 1, the notion of planning does not have any “ideological” loading and is
not necessarily related to the centralized and heavily regulated economic
system. Instead, planning is a necessary component of the strategic development
process and is generally understood as a means to (Partidario, 2006):

e Make development objectives and strategies explicit into strategic actions

e Allocate resources to activities and determine the use of different areas
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Figure 1. Decision cycle of Strategic Environmental Assessment. (From Partidario, 2006).

o Establish rules for development and zoning regulations
e Set up an action program

In more theoretical terms, the process of planning constitutes three fundamental
steps: value formulation, means identification, and effectuation (Davidoff and
Reiner, 1991). It is exactly on the stage of decision of transforming values into
policy commitment where SEA shall take its point of entry in order to ensure its
mission as understood by the recent literature, namely to put upstream and
mainstream environmental consideration in the decision-making process
(OECD DAC, 2006). It is important to underline here that planning per se is
seen as a vehicle, which collects, analyzes, and publicizes information (such as
forecasts and assessment of third-party costs and benefits) required to make
reasoned decisions (Davidoff and Reiner, 1991), and could be designed to serve
both as market aid and market replacement. This notion reinforces the idea of
SEA being an effective modern planning tool that could be applied in the
conditions of various levels of regulation of the economic system.
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4. Possible Place of SEA in the Planning and Prognosis System
of Countries in Transition

Strategic Environmental Assessment has already won broad recognition as a
tool of ensuring environmentally conscious decision making on the strategic
level. SEA may assist transitional countries in their ambition to ensure sustain-
nable development, because of the two-way nature of the SEA — sustainability
relationship (Partaridario, 2006): on the one hand, sustainability provides
an assessment referential (criteria framework, standard) to SEA, while, on the
other hand, SEA promotes and facilitates sustainable development processes.

Lessons derived from the SEA capacity building experience in Ukraine
suggest that SEA’s role in the transitional countries could have two additional
aspects:

1. SEA could be an efficient learning tool in the areas traditionally under-
developed in post-socialist countries as a legacy of the closed centralized
economy and nondemocratic political system by:

(a) Promoting and facilitating interdisciplinary and interagency com-
munication

(b) Requiring methodologies to be developed to take into account long-term,
cumulative, indirect environmental consequences of strategic actions

(c) Supporting and facilitating public participation in strategic decision
making

(d) Requiring population health issues to be looked at together with the
environmental consequences of strategic decisions

2. SEA could be a means for “rehabilitation” of the notion of planning in
transitional countries; in other words, SEA may be used to demonstrate the
benefits of strategic planning and may thereby play the role of reintroduc-
tion (reinforcement) of the planning process, bringing along such up-to-date
concepts as environmental planning and planning for sustainability.

In these respects, it could be speculated that to a certain extent the introduction
of SEA could play a more significant role in governance development and
improvement in transitional countries than in the developed ones; however, this
is to be left to further research.

5. Capacity Building Recommendations

When introducing and developing national SEA systems, transitional coun
tries will need to pay thorough attention to the existing systems for envi-
ronmental assessment of plans and programs. This is necessary to both bridge
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the difference between national assessment systems and the SEA requirements,
and, at the same time, to root the emerging SEA systems in the existing insti-
tutions to ensure their smooth functioning (UNDP, REC, and UNECE, 2006).

Capacity development processes shall ideally rely as much as possible on
the existing in-country practice, knowledge, expertise, and skills. As initial
capacity needs analysis' has shown, sound prerequisites exist in post-Soviet
countries for SEA implementation. In order to develop these prerequisites into
active agents of the SEA implementation process, the system, institutional, and
human capacities should be developed.

It is important to avoid a simplified understanding of the capacity building
process (capacity building is often wrongly perceived as a number of training)
and to apply a systematic approach that has proven efficient when used in
developing countries (Kirchhoff, 2006). It has the potential to identify the most
pressing needs and prioritize key elements that would produce the greatest
results given a tight budget (often the case in transitional countries).

Recommendations that follow are mainly based on the research conducted
for Ukraine; since environmental assessment provisions remain generally
similar across the post-Soviet region, a common approach to the capacity
building development is justified. Relevance of the capacity building recom-
mendations to the countries of Eastern and Central Europe is limited and
depends on the level of their SEA system development. While recommend-
ations on the system capacity building may not be applicable, institutional and
human capacity development processes may still benefit from the suggested
measures in the above countries.

5.1. SYSTEM CAPACITY

System capacity is created by frameworks that enable institutions and indi-
viduals to operate and interact with each other. Development of system capacity
aims to enhance effectiveness of these interactions on different levels of
institutional and political hierarchies (UNECE, REC, 2006).

The SEA development objective for system capacity in post-Soviet coun-
tries could be suggested as:

!“Capacity Building Needs Assessment for the Implementation of the UN/ECE Strategic
Environmental Assessment (SEA) Protocol” that has been elaborated by national experts within
the project “SEA Promotion and Capacity Development” jointly implemented by the UNDP,
REC (implementing agency), and UNECE, and funded by the UNDP and the Environment and
Security Initiative.
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[T]o bring legislative and regulatory bases in line with the UNECE SEA
Protocol requirements; to develop the mechanisms of the SEA-related
legislative and regulatory basis implementation and enforcement; and to
designate and make effective a body for review of SEA practice effective-
ness, practical guidance development, and best practice dissemination.

One of the biggest problems to be addressed within the system capacity
building is development of an interactive practice between the SEA actors in
“horizontal” (sectoral and planning) and “vertical” (local-regional—countrywide)
dimensions. System capacity building could be first of all focused on facili-
tating consultations, dialogue, and cooperation between various representatives
of authorities and society in the process of strategic decision making. If imple-
mented successfully, SEA by nature may become a powerful tool of finding
consensus between the interests of society, state, business, and the environment.
It will set a precedent of cooperation of various interest groups that does not
have an analogue in the history of the independent and market-oriented
economy of the country.

5.2. INSTITUTIONAL CAPACITY

Institutional capacity is the ability of an organization to effectively operate
within the given system. Development of institutional capacity aims to enhance
overall organizational performance. This requires ability of an organization to
adapt to changes (UNECE, REC, 2006).

The SEA institutional capacity objectives for transitional countries could be
suggested as:

[T]o develop a national practice of SEA based on existing environmental
assessment and planning and programming processes and by implement-
tation and adjustment of SEA specific tools and approaches.

SEA institutional capacity development activities would be focused on stream-
lining and strengthening SEA processes, by supporting (methodologically,
logistically, and by information and knowledge dissemination) and motivating
country professional bodies responsible for on-the-ground SEA implemen-
tation. An important task here will be to create the network of the “SEA centers
of excellence” that will disseminate best international and national practice, be
the training centers, serve for cross-auditing for performance, and help setting
“rules of the game” in the national context. These centers shall also ensure that
all available institutional and human capacity (not just in environmental, but
also in managerial, technological, etc. fields) is used for SEA implemen
tation purposes, and, vice versa, that all SEA-generated benefits are clearly
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demonstrated to and made use of by potential customers. The centers shall also
be the resource centers for international donors, providing information on
institutional and human capacity, legal framework, and running activities
supported by international assistance, in order to avoid duplication of efforts
and provide for synergism between actions.

5.3. HUMAN CAPACITY

Human resources play a central role in SEA. It comprises the skills and
expertise of persons. Capacity development of human resources aims to change
attitudes and behaviors, develop skills, and support long-term motivation and
commitment (UNECE, REC, 2006).

The SEA human capacity development objective for transitional countries
could be formulated as:

to prepare a critical mass of professionals (representing authorities, research
institutes, consultancies, etc.) and public members able and willing to
participate fully and in constructive ways in the implementation of SEA
practice and able to maintain newly adopted capacity features.

SEA human capacity development activities might have a binary focus: first, on
transferring global good practices of SEA to national assessment systems;
second, on applying already existing skills, knowledge, expertise, and infra-
structure to the new tasks. SEA-related human capacity development activities
shall ideally be related to the labor market situation (increasing competitiveness
of the practitioners), fit into the educational conception of the country (in order
to achieve synergism), and have a well-specified target audience. Human capa-
city in SEA shall develop not only in terms of professional skills, but also in
terms of the ability for team work, delegating responsibilities, and accepting
trade-offs.

6. Conclusions

If in-country expertise in planning is transformed and updated by SEA
capacity-building processes in order to meet the requirements of the SEA
Protocol, not only will SEA begin to be implemented, but also the concepts of
“environmental planning” and “planning for sustainability” will be introduced
into planning and prognosis systems of transitional countries. Important fea-
tures of the SEA process include in-depth consideration of public health issues,
strict requirements for public participation, and provisions for intersectoral and
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interinstitutional dialogue. Lessons learned in Ukraine may be applicable to
other transitional countries implementing an SEA Protocol or SEA Directive
requirements.

Given the flexible, transparent, participatory nature of the SEA process and
procedures, SEA implementation could as such play a significant capacity-
building role in a sustainability-driven development process. For the post-
Soviet and post-socialist countries surviving the economic pressure of the
transitional process and an environmental legacy of unsustainable use of natural
resources, SEA, as a preventive planning tool fit for the open market-oriented
economy, may become of significant relevance. SEA implementation, especially
if developed in a synergism with other tools such as environmental planning,
risk assessment and management, and public participation in environmental
decision making, may decrease and/or mitigate environmental risks of econo-
mic development and enable transitional societies to better meet environmental
security and sustainability challenges.
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Abstract: Sustainable development is based on both the intergenerational and
intragenerational socioeconomic and ecological justice of society and focuses
on a permanent livability (ecocentric rationale) and human well-being: the
necessary material minimum, freedom and choice, health and bodily well-
being, clean diverse environment, good social relations, personal security, and
the conditions for physical, social, psychological, and spiritual fulfillment. In
this paper, human health is proposed as the integrated indicator of sustainable
development. The specific policy tools focusing on socioecological economics
are suggested as the necessary conditions to achieve sustainability while the
internal human sustainability based on the ecocentric rationale is considered as
its sufficient condition that can be achieved through educational policy. Although
these tools can significantly contribute to environmental security in all countries,
including transition countries, they should be necessarily complemented by
adoption of precautionary and responsibility principles.

Keywords: sustainable development; health; socioecological economics; education

1. Introduction

Present ecological, socioeconomical, and political situations in many countries,
including developed and transitional ones, confirm that they have failed to
change significantly the extensive type of economic development and to ensure
successful transition to sustainable development (UNEP, 2006). While fresh
water deficit, deforestation, natural resources depletion, environmental pollution,
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population growth, gap between rich and poor, and military conflicts are mostly
relevant to developing countries, and high material consumption and energy
use, waste generation, overweight, and blood circulation diseases are usual for
developed and transitional ones, the problems of climate change (UNEP, 2006)
and biodiversity loss (WWF, 2004) are global and have very dangerous sys-
tematically stable trends.

The main obstacles countries are facing on the way to sustainable develop-
ment are:

(a) Poor understanding of the basic ideological approaches to sustainable
development policy both by the government authorities and by the public
due to a lack of qualified staffing potential

(b) Incompetent decision making (weak management) on all levels and
psychological (sociocultural) and institutional barriers (inertia) of taking
measures in a new, rapidly changing, and complex environment

(c) Absence of clear goals and specific well-developed national programs of
sustainable development and contradictions between existing indicators

Therefore, the goal of this research is to develop the integrated consistent
indicator of sustainable development and appropriate policy tools that will
be consonant with the national strategies of sustainable development and
millennium development goals: poverty reduction, quality lifelong education,
environmental sustainability, improved health, and reduced HIV/AIDS and
other diseases, gender equality, and global partnership.

This paper proceeds as follows. In the second section the general overview
of some mainstream indicators is given and the new integrated characteristic of
sustainable development is proposed. The third section presents the specific
policy tools to address this indicator and finally the paper closes with
conclusions.

2. The Indicators of Sustainable Development

It seems that construction of a simple indicator, which will reflect the evolution
of a country’s sustainability, is possible. Attempts to calculate integrated indi-
cators based on ecological parameters are made often. The integrated “living
planet index” (LPI), aimed to assess the state of the world’s ecosystems, is
calculated annually in the international World Wildlife Fund report (WWF,
2004). It shows very dangerous stable biodiversity loss in the last decades.
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Another constructive indicator is “the Ecological Footprint” (EF), which
computes the pressure of human population on the environment (WWF, 2004).
According to this indicator, because of “material growth”, humans consume
(deplete) the natural capital at the rate above the carrying capacity of earth
simultaneously with high growth of municipal wastes and emissions of carbon
dioxide (causing climate change with severe consequences — global warming,
agricultural change, ice melting, flooding, droughts, etc.) and air pollutants
affecting human health. Therefore, “material growth” caused by population and
economic growth cannot be ecologically sustained because of the limited
capacity of natural flows and cycles for providing the resources and absorbing
or assimilating the waste (such as heavy metals or carbon dioxide). However,
the ecological footprint is distributed unequally in the world regions, developed
countries, i.e., North America and Europe are the major natural resources
consumers (WWF, 2004) but the consequences are transmitted to all countries
around the globe.

The Statistical Department of the United Nations Secretariat and United
Nations Environment Program proposed a system for integrated environmental
and economic accounting (SEEA), aimed at accounting of ecological factors in
national statistics (UNSTAT, 2006). This system describes the correlation bet-
ween the state of the environment and a country’s economy. “Green” accounts
are based on the correction of traditional economic surveys (GDP per capita)
when the costs of extracted natural recourses and socioecological damage from
pollution are taken into consideration. The environmentally adjusted net domestic
product (EDP) forms the core of ecological transformation of national accounts.

The Genuine Progress Indicator and the Index of Sustainable Economic
Welfare are intended to improve the gross domestic product (GDP) by including
such factors as income distribution and costs associated with pollution and
resource depletion and other economically unsustaining costs (crime, family
breakdown, etc.) (Daly and Cobb, 1994).

The Human Development Index (HDI) is often considered among the
integral indexes of sustainable development. The index is elaborated within
the framework of the United Nations Development Program (UNDP, 2005).
The HDI consists of three interrelated components:

1. Health, measured by life expectancy at birth

2. Education — adult literacy rate (two-thirds weight) and the combined
primary, secondary, tertiary gross enrollment ratio (one-third weight)

3. Standard of living — GDP per capita at purchasing power parity in US dollars
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However the HDI has some weak points. It concentrates on the quantitative
parameters of human life according to the principle “more is better” (especially
for GDP per capita) rather than on its qualitative growth. Clearly human health
might be considered as the biggest value but it should not be measured only by
life expectancy (especially in developed countries with strong medical systems)
but also by sickness rate and physical and intellectual capacity. Furthermore,
education and standard of living have direct impact on health, especially in
developing countries, so all three components are strongly correlated and can be
replaced by one integrated characteristic of human health, which is a state of
complete physical, mental, and social well-being.

Human health depends not only on human biology (genetic peculiarities),
the public health system, but is also concerned with the state of the economy,
the social, physical, spiritual, and moral life (lifestyle), and the state of the
environment.

According to the World Health Organization (WHO), environmental risk
factors play a role in more than 80% of the diseases (Priiss-Ustiin and Corvalan,
2006). The major findings are as follows:

1. Globally, nearly one quarter of all deaths and diseases can be attributed to
the environment (water pollution 7%, air pollution 5%), although for
children it is even higher

2. The environmental disease burden is not distributed evenly across the
world, and developing regions carry a disproportionately heavy burden for
communicable diseases and injuries

3. Public and preventive health strategies that consider environmental health
interventions are very important, cost-effective, and yield benefits that also
contribute to the overall well-being of communities

Therefore, sustainable development should be based on both the intergene-
rational and intragenerational socioeconomic and ecological justice of society
(Pearce, 1987), and focused on a permanent livability (adoption of ecocentric
rationale instead of dominating anthropocentric one) and ecosystems and human
well-being (Dodds, 1997): the necessary material minimum, freedom and
choice, health and bodily well-being, clean diverse environment, good social
relations, personal security, and the conditions for physical, social, psychological,
and spiritual fulfillment.

As a result, in this paper, the integrated characteristic of human health
(physical and intellectual capacity, life interval, sickness rate, psychological
health) is proposed as the major indicator of sustainable development.
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3. Policy tools

To achieve a high level of human health the following policy tools have been
developed:

1. Integrated economic responses:

Adoption of up-to-date scientific socioecological economics theory
(Costanza, 1991, 1996), based on the fundamental thermodynamic laws
governing natural ecosystems, and focused on qualitative human
development and ecosystem well-being instead of dominating environ-
mental economics, which is a part of old-fashioned destructive neo-
classical economics concentrating on material growth that can not be
ecologically sustained (Bergh, 2000).

Changing the economic type of development from industrial to post-
industrial, knowledge-based ecological economics by “green” taxation,
i.e., heavy taxation of natural resource use and no taxation on intellec-
tual products.

High investments in science, education, and cultural institutions
oriented on human development.

Restructuring economy: give more priority to “green” sectors, i.e.,
producing bicycles, wind turbines, renewable energy industry (instead
of oil, coal), recycling industry, organic agriculture and information,
and ecoefficient technologies (Brown, 2001).

Transition to a service-sector oriented economy with low material—
energy throughput (Daly and Cobb, 1994).

2. Integrated science and technologies and transfer:

Ecoefficiency (material and energy efficient clean technologies)
(Brown, 2001)

Reusing and recycling materials (industrial ecology, including waste
reduction)

Green efficient public transport system (fueled by biogas, hydrogen,
ethanol)

“Solar” buildings using low energy alternatives

Green energy — solar, wind, hydrogen, biofuel, and waterpower use in
all sectors — very consonant with ratified Kyoto Protocol to reduce CO,
emissions

3. Integrated legal and institutional responses:

Adoption of SEEA, aimed at accounting of ecological factors in
national economic statistics (UNSTAT, 2006)
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Obligatory incorporation of environmental auditing in all business
sectors (especially industry and transport), adoption of international
standards ISO 14000 and ISO 9000

Changing consumption and production patterns through regulation
(forbidding laws), setting right prices (including environmental costs),
ecotaxation (adoption of polluter pays principle instead of consumer
pays)

Creating the appropriate ecocentric institutions to integrate human
activity and natural cycles (e.g. ecovillages and ecocities)

Institutional reforms of decision making to establish sustainable
scientific and ethical control of ecocentric rationales and socio-
ecological economics theory (Gorobets, 2006)

Empowerment of communities, women, youth, and NGOs

Creation of the institutes of civil control — community participation in
decision making at all levels to achieve transparency and avoid
corruption

However, these economic, scientific (technological), and institutional responses
are only the necessary conditions of sustainable development while the internal
human sustainability (mentality) based on the ecocentric rationale and qualitative
human development (instead of material economic growth) is considered as its
sufficient condition (Gorobets, 2006). This can be achieved through appropriate
integrated educational policy:

1.

Development of educational institutions for local communities to change
people’s values, mentality, and behaviour from anthropocentrism and con-
sumerism, which are unsustainable socioecologically and psychologically
(Maiteny, 2000) towards eco-centrism (socioecological well-being), and
personal physical, intellectual, and spiritual development by:

Raising awareness about the critical socioecological state of the world
and showing the multiple advantages of new, green lifestyles
(particularly, stronger health and ecosystem well-being)

Using the mass media to influence individual and community mind-sets
toward issues of the environment and sustainable behavioral patterns

Reorienting existing education programs. Rethinking and revising education
from nursery school through university to include more principles, know-
ledge, skills, perspectives, and values in all dimensions of sustainability —
social, environmental, and economic should be done in a holistic and
interdisciplinary manner
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3. The development of specialized training programs to ensure that all sectors
of the workforce (from public to decision makers) have the knowledge and
skills necessary to perform their work in a sustainable manner (the UN
Decade of Education for Sustainable Development) (UNESCO, 2003)

Although these tools can significantly contribute to environmental security in
all countries, including transition countries, they should be necessarily comple-
mented by adoption of precautionary and responsibility principles (the best way
to solve a problem is to prevent the problem).

4. Conclusions

In this paper, the integrated characteristic of human health, i.e., physical and
intellectual capacity, life interval, sickness rate, and psychological health is
proposed as the major indicator of sustainable development.

The specific economic, technological, and institutional policy tools focusing
on ecosystems and human well-being oriented socioecological economics are
developed as the necessary conditions to achieve sustainability while the
internal human sustainability (mentality) based on the ecocentric rationale and
human development (physical, intellectual, and spiritual) is considered as its
sufficient condition that can be achieved through well developed educational
programs for all populations.

The advantage of developed policy tools is that they are universal for
application in every specific country, especially in transition and developing
countries, being only subject to a local environment, cultural traditions, and
socioeconomic situation.
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Abstract: An initiative recently completed in Egypt as part of a climate change
project illustrates several socioeconomic and communications tools that can be
used to enhance environmental security. The primary purpose of the climate
change initiative (CCI) project was to reduce the levels of greenhouse gases
(GHGs) emitted during production at brick factories in Egypt. This was
accomplished through the conversion of the present system, which employs
heavy oil (mazot), to natural gas. While the reduction of GHG emissions in
Egypt is an important national and global goal, it is relatively meaningless to
those most directly affected by the project (i.e., the brick factory owners,
workers, and local residents of the surrounding communities). Therefore,
project activities not only covered technical matters (related to the conversion
of the fuel systems) but extended to environmental and social matters as well.
Significant effort was extended to identify ways by which the envisaged tech-
nical improvements could facilitate or enhance the social, health, environmental,
and economic conditions of those most impacted by exposure to atmospheric
emissions, namely brick factory workers and the populations of villages
situated in close proximity to them. A socioeconomic assessment was designed
with the understanding that technical interventions are more successful when
they take into account the social and economic context in which the project
is executed. The socioeconomic assessment provided the key link from the
technology transfer side of the project to social development priorities
(including basic education, basic health and nutrition, and child protection), in
order to benefit vulnerable groups (such as children) that are directly impacted
by the environmental problems the project sought to resolve. The socio-
economic assessment enabled a holistic understanding of the context within
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which the CCI project was to be executed. It identified issues related to brick
factory production and possible actions/actors to address them, produced
proposed programming responses, and brought forward a number of potential
partners for the implementation of the proposed interventions. The study demon-
strated the importance of linking technology solutions to the socioeconomic
conditions of people and that the two are inextricably linked. It is a proposed
methodology for all environmental projects, not just ones related to climate
change. The outcomes were sustained through a strong and effective capacity
development program and an effective communications strategy, which will
enhance the capacity of targeted organizations to participate in GHG reducetion
initiatives; enhance awareness of environmental, health and socioeconomic
costs and benefits of brick factory retrofits; and result in the implementation of
sustainable and replicable emissions reduction projects.

Keywords: socioeconomic; communication; Egypt; greenhouse gas emissions

1. Introduction

An initiative recently completed in Egypt as part of a climate change project
illustrates several socioeconomic and communications tools that can be used
to enhance environmental security. The Climate Change Initiative (CCI) was
an emissions reduction project executed through the Canadian International
Development Agency (CIDA). The primary purpose of this project was to
reduce the levels of greenhouse gases (GHGs) emitted during production at
brick factories in Egypt. This was accomplished through the conversion of the
present system, which employs heavy oil (mazot), to natural gas. A group of 50
out of a cluster of 135 brick factories in the Arab Abu Saed area within Giza
Governorate was selected for this pilot project. While the reduction of GHG
emissions in Egypt is an important national and global goal, it is relatively
meaningless to those most directly affected by the project (i.e., the brick factory
owners, workers, and local residents of the surrounding communities).

The rural area of Arab Abu Saed is situated 30 km south of central Cairo
and roughly 5 km south of Helwan, a region considered as one of the most
industrialized areas in greater Cairo and home to a variety of industrial
activities. The Arab Abu Saed area falls between two different districts,
Helwan, to the north and El Saf, to the south. The area has a cluster of 135 brick
factories out of approximately 2000 all over Egypt. The Arab Abu Saed area is
subjected to relatively higher levels of emissions than other villages in the
impact zone, because of the concentration of brick factories surrounding the
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area. It is located directly in the path of year-round northeasterly winds that
carry emissions from factories in Helwan and other areas in Cairo.

Project activities not only covered technical matters (related to the con-
version of the fuel systems) but extended to environmental and social matters as
well. In the context of this demonstration project, emphasis was accorded to the
ways by which the envisaged technical improvements could facilitate or
enhance the social, health, environmental, and economic conditions of those
most impacted by exposure to atmospheric emissions, namely brick factory
workers and the populations of villages situated in close proximity to them
(Roche Ltd. Consulting Group, December 2002). A socioeconomic assessment
was designed with the understanding that technical interventions are more
successful when they take into account the social and economic context in
which the project is executed. The socioeconomic assessment provided the key
link from the technology transfer side of the project to the social development
priorities of CIDA (including basic education, basic health and nutrition, and
child protection), which brought out the need to identify ways by which the
project could benefit vulnerable groups (such as children) that are directly
impacted by the environmental problems the project sought to resolve.

The overall objective of the extensive socioeconomic analysis of the brick
factory workforce and surrounding communities was to obtain a holistic
understanding of the socioeconomic context, especially for vulnerable groups
such as children, in which the project is executed that facilitates technologi-
cal work, assesses potential social and economic benefits of the intervention,
and identifies socioeconomic issues related to brick factory production and
possible actions/actors to address them. The aim of the study was to collect
socioeconomic and health data about workers in the brick factories as well
as communities nearest to the brick factories for input into the health risk
assessment, and to determine the need for and opportunity to enhance the
quality of life for people in association with a technology-transfer project.

2. Methodology used in Carrying out the Socioeconomic Study

The study attempted to understand the key elements affecting employment and
labor issues, living and working conditions of workers, health, and educational
status, and occupational safety. It focused on understanding the gender and age-
specific division of labor and the degree of exposure and occupational risks that
this labor entails.

The methodology used in completing the baseline report included field
work, focus groups, and research from secondary sources. A sample of 10
factories in the initial cluster of 50 were surveyed. The selection criteria
included factories, which employ women and children; were mechanized in
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transport of bricks; demonstrated superior working and living conditions to the
norm; or demonstrated inferior working and living conditions.

Information on the workers in the brick factories of Arab Abu Saed was
gathered by a field survey administered in the ten factories. The total population
of workers in all ten factories is estimated at 1661 individuals. In each factory
about 111 workers were met, interviewed, and/or observed throughout the
duration of the study. Thus, the total number of workers met, interviewed,
and/or observed in all ten factories was 1114. This number represents 67%
of workers for all ten factories in the survey. This one sample of workers
represents 20%, which coincides with the percent of factories surveyed (10 out
of 50 in the cluster).

Field visits were conducted over a period of 4 months. Semistructured
interviews were conducted with local officials, community members, and key
informed persons. Two of the meetings were attended with some of the brick
factory owners, where socioeconomic and health data about the factory workers
were obtained and verified.

Additionally, the methodology included visits to six villages because of
their proximity (24 km) to the brick factory area and the dispersion of
emissions from brick factory smoke stacks as well as proximity to each other.
Three of the villages located in Giza Governorate are affected by the same
northeasterly winds, which carry brick factory emissions throughout the year
across the boundary into Cairo Governorate. The other three villages are in the
Cairo Governorate and are home to other major polluting industries, such as
cement, coke, etc. This has implications for the provision of water and
wastewater services: complicated legal, financial, and administrative hurdles
need to be overcome if a service being extended to neighborhoods in the impact
zone in Cairo is to be extended to other neighborhoods in the impact zone, but
in Giza Governorate.

Information was organized according to the following categories:

e Age cluster: workers are separated into three age groups: children are
defined as persons 15 years and younger; youths are defined as persons
ranging between the ages of 16 and 25 years; and adults are defined as
persons over the age of 25

e Gender

e QOccupational cluster: according to the stage of the brick-making process, or
occupational group. This was done because the workers in each group
seemed to share similar characteristics, such as geographic origin, income,
and working conditions

e Survey instrument: organizing the observations and comments according to
the different possible areas of intervention
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The research team faced many challenges in conducting these surveys:

Since workers are paid on a per brick basis, production was their highest
priority. Therefore the field research team had to operate in ways that did
not delay or pose a hindrance to the manufacturing process. Interviews with
workers on the kiln (oven) had to be done during a rest period when the
workers were smoking sheeshah (pipe) or drinking water.

There were a few inconsistencies in the information collected indicating the
inaccuracy of replies given by workers interviewed and their mixed per-
ceptions. This has been addressed by cross-referencing with other responses
from the survey sample, and with other sources of information from Egypt
at large.

Younger workers tended to be more cooperative whereas older workers
were sometimes suspicious of the team’s intentions. Much information pro-
vided by key informants was based on personal observation, thus accuracy
could not always be verified.

Since many of the workers are around loud machinery (brick molding
conveyor belt, trucks, blowers, etc.) and are constantly moving around, it
was difficult to find an appropriate time or method for the interviews. This
was overcome by meeting with them during tea breaks, lunch breaks, and in
the evening after working hours.

Certain research studies provided did not demonstrate the rigor of research
methods deemed adequate for the team to rely on their findings.

3.

Tools for Conducting the Socioeconomic Study

The process for conducting the socioeconomic assessment included the fol-
lowing seven tools:

Comprehensive baseline evaluation of socioeconomic conditions of target
groups

Focus groups to analyze results and identify social issues

Assessment of real and potential social and economic benefits of emissions
reductions

Identification of possible measures to address socioeconomic issues
Roundtable discussions for dissemination of results and recommendations

Reporting of roundtable discussions
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e Summary of all aspects of the project.

Each of these tools is described in greater detail below.

3.1. COMPREHENSIVE BASELINE EVALUATION ON SOCIOECONOMIC
CONDITIONS OF TARGET GROUPS

The baseline report provided a detailed socioeconomic portrait of the people
associated with the brick factories and in the surrounding impact zone. The
operations of the brick factories and the roles of workers, including women and
children, were described. Living conditions, wages, health, and safety risks
were identified. In addition, the report described the socioeconomic conditions
of the surrounding areas, identified basic services available to residents and
workers, and identified the key decision makers within those contexts (Roche
Ltd. Consulting Group, April 2005).

The analysis was intended to identify social and economic issues that,
though related to brick production, may not be solved solely through the
reduction of atmospheric emissions. Preliminary assessment suggested that the
issues of importance were human health risks related to exposure to mazot
emissions, occupational safety risks associated with work in the factories, risks
associated with living conditions in brick factories, and issues related to the
work of children.

3.2. CONDUCTING FOCUS GROUPS TO ANALYZE RESULTS AND IDENTIFY
SOCIAL ISSUES

The means used to assess the potential social and economic impacts included a
combination of specialized studies and analytical focus groups. The aim of the
analytical focus groups was to identify social and economic issues linked to
brick factory production of relevance to the diverse stakeholders (particularly
vulnerable groups) that would be unresolved by the technology transfer under-
taken by the CCI project.

Three focus groups (Table 1) were conducted with: the brick owners and
workers; women and children; and decision makers. The approach of these
focus groups varied with the target audience. However, the main objectives
were to present the results of the baseline study, identify unresolved socio-
economic issues associated with brick production that were of concern to the
stakeholders, arrange these concerns in order of priority, develop consensus on
these concerns, and to identify ways of dealing with the issues in a collaborative
manner.
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TABLE 1. Three focus groups to analyze results and identify social issues

Focus group Title Participants
1 Focus group with brick factory Brick factory owners
owners
) Focus group with brick factory Sample of brick factory population
workers (labor contractors, women, children)
3 Presentation and discussion of issues Community leaders, brick factory
with government officials and owners, and decision makers

decision makers

The first two focus group meetings took place over a period of 2 days while
the presentation to government officials occurred in a separate meeting and
included:

e A presentation of the synthesis of results of the socioeconomic study
e A presentation of the analytical framework

e An analysis of the results and recommendations through small focus group
work

e Consensus on the results of group analysis and recommendations

The focus group discussions were conducted in small groups to ensure a closed
small setting, where everyone felt comfortable, and where all participants had
an opportunity to speak without fear of being reprimanded for their opinions.
The focus groups for owners and workers were on separate days to avoid issues
such as influence and intimidation. The focus group for workers included men,
women, and children. Decision makers were contacted and visited individually
prior to the third focus group to orient them on the topic and prepare them to
address community issues.

3.3. ASSESSMENT OF REAL AND POTENTIAL SOCIAL AND ECONOMIC
BENEFITS OF EMISSIONS REDUCTIONS

The assessment summarized the overall costs and benefits of emission reduc-
tions from brick factories and incorporated findings from the Environmental
Health Risk Assessment (EHRA) and the cost of the new technology. It was
concluded that the conversion to natural gas would result in improved air qua-
lity and reduction of risk to health of people by 99% for arsenic and benzo (a)
pyrene, 95% for chromium, and 93% for cadmium, 83% for dioxins, 97% for
coarse particulate matter, 99% for fine particulate matter, and 78% for sulfur
dioxide; reduction of risks to terrestrial plants and invertebrates by 60—99%;
reduction of risks to wildlife by 50-99%, and reduction of risks to livestock
by 80-90%. This could lead to a significant reduction in cardiorespiratory
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illnesses and cancers, and could improve the productivity of workers as the
incidence of exposure to disease causing vectors would be greatly reduced
(Roche Ltd. Consulting Group, April 2005).

3.4. IDENTIFICATION OF POSSIBLE MEASURES TO ADDRESS
SOCIOECONOMIC ISSUES WITHIN CCI AND BY OTHER
ORGANIZATIONS

Possible measures were identified to address socioeconomic issues on two
levels: within the brick factories, and in the surrounding communities. Pro-
gramming responses (potential measures to improve conditions of the labor
force in brick factories) that correspond to the issues identified by the different
groups were identified. In general, issues related to infrastructure were identi-
fied as a governmental responsibility, including:

e Provision of clean water
e Provision of adequate emergency and regular health services

e Upgrading of wastewater systems

Paving and lighting of main roads

Measures to address issues identified by the brick factory owners focused
on strategies to bring together brick factory owners, organized in their two
community-based organizations, to improve and upgrade living and working
conditions for workers in the brick factories of Arab Abu Saed.

The following measures could be implemented at the brick factory com-
munity level:

e Water: Extending water supply needed for personal hygiene near bedrooms,
by equipping the factories with more tanks and maintaining their hygiene by
involving workers in a food for work program.

e Sanitation: Constructing cleaner toilet facilities and showers closer to
bedroom quarters, using local appropriate technology and involving workers
in constructing their own facilities to increase ownership and maintenance
of facilities.

e Living conditions/accommodations: Building makeshift beds, spreading
local floor covering, providing basic furniture as well as reducing the
number of workers living in each room, either by better distribution and/or
by adding more rooms in overcrowded situations. The workers would
provide input to the design and provide the required labor.

e Health and occupational safety: Establishing an emergency first aid centre
in the brick factory area to deal with emergencies as it can take time to
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reach the nearby health unit; providing first aid emergency services to
workers on the premises; launching an advocacy campaign for workers to
obtain health, social, and life insurance especially for workers over 40 years
who are released from work because of poor health conditions. The project
would network with other nongovernmental organizations (NGOs) that have
effectively begun lobbying on that issue. As well, awareness campaigns
could be designed to heighten workers’ preventive measures regarding
diseases transmitted to them by not maintaining sanitary conditions in
toilets, and the importance of keeping animals and animal pens clean as a
potential source of diseases transmitted to humans.

e Nonformal learning program: This would include literacy, primary health
care, recreation, culture and arts, science curriculum revolving around brick
making for children working at the brick factories. It would build on
existing replicable models in Egypt and along the lines of UNESCO’s
education for all goals as well as the millennium development goals.

e Canteen component: Piloting an intervention where women would be
managers of the canteen, raising hygiene standards, quality of food, and
extending credit to women to engage in this business.

e Animal treatment and safety program: Care of animals and cooperation with
Brooke Animal Hospital for the provision of vaccinations and veterinary
services.

3.5. ROUNDTABLE DISCUSSIONS FOR DISSEMINATION OF RESULTS
OF SOCIOECONOMIC ANALYSIS AND RECOMMENDATIONS
CONCERNING PROGRAMMING ACTIONS

The purpose of the event was to disseminate and share the findings of the
socioeconomic analysis conducted in the brick factories and surrounding com-
munities with the various stakeholders potentially interested in the CCI.

The objectives included the following:

e Information sharing and capacity development to promote replication by
others interested in undertaking similar environmental activities.

e Promoting dialogue among different donors on issues within environmental
project design, such as child labor protection, occupational health and
safety, gender issues, and social protection for workers.

e Presenting the proposed programming responses shared with stakeholders,
as well as with governmental and NGOs and donors with experience and
interest in addressing the issues identified.
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The activity involved presentations to donor groups, government officials, and
other parties that may be able and interested in executing the programming
responses.

3.6. REPORT ON ROUNDTABLE DISCUSSIONS

The roundtable report provided a summary of the roundtable event on “Brick-
Making in Arab Abu Saed: Socio-Economic Profiles of the Workforce and the
Surrounding Communities”. The report highlighted the presentations made,
discussions which ensued, and the recommendations offered by participants
relevant to the issues presented (Roche Ltd. Consulting Group, April 2005).

3.7. SUMMARY REPORT

The report brought together and presented all components of the socioeconomic
assessment conducted as part of the CCI project. It included a summary of all
activities undertaken starting with the baseline socioeconomic analysis, focus
groups, proposed programming responses to address the socioeconomic issues
identified in the study, the roundtable event to present proposals to stake-
holders, and the subsequent findings and conclusions. This report took a further
step in proposing and presenting specific measures in the form of modules and
potential implementation partners for such an initiative with the hope of bring-
ing such modules into the realm of implementation (Roche Ltd. Consulting
Group, April 2005).

4. Socioeconomic Assessment Findings

The specific objectives of the socioeconomic analysis had the following
findings:

e Potential social issues to be addressed by the CCI project
e Potential target groups for social development actions

e Possible actions and potential partners for implementation of social deve-
lopment activities

Each of these findings is discussed briefly below.
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4.1. THE POTENTIAL SOCIAL ISSUES TO BE ADDRESSED BY THE CLIMATE
CHANGE INITIATIVE

Findings indicated that the most critical issues to be considered in reducing
human health risks, occupational safety, risks associated with living conditions
in brick factories, issues related to work of children, and promoting social
development of those involved in, or impacted by the CCI project are:

e Improvement in the situation of children employed in the targeted brick
factories through provision of basic services rendered through non-formal
education activities related to their work

e Improvement of occupational health and safety measures, and accom-
panying education and information within the factories targeted

e Capacity development and public awareness to promote the results of the
initiative and the need for replication of this work at other brick factories

4.2. POTENTIAL TARGET GROUPS FOR SOCIAL DEVELOPMENT ACTIONS

Findings collected from field visits conducted over a period of 4 months,
semistructured interviews with local officials, community members, and key
informed persons and focus group meetings, indicate that the focus of social
development efforts should be centered on a population that may be divided
into two groups: those involved directly in the on-site workplace production
and those inhabiting the surrounding area in closest proximity to the brick
production.

4.2.1. Factory Workers

The socioeconomic study ascertained that the labor force in brick factories is
composed predominantly of men, who perform the most strenuous tasks, of
children (mostly boys) involved in activities such as transportation and drying
of bricks, and in some cases of women, whose tasks centre mainly on stacking
bricks to dry. Further analysis focused on understanding more about gender and
age-specific division of labor in the production process, the degree of exposure
to chemical emissions, and occupational risks that this labor entails and the
identification of gender and age-appropriate measures designed to reduce health
and safety risks, and improve quality of life.

4.2.2. Inhabitants of Surrounding Area

Often those most impacted by harmful effects of pollution receive the least
amount of information on the risks they are incurring and what may be done to
reduce those risks. This is most probably the case for the populations living
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closest to the brick factory production, who in many cases are workers also
employed in the factories and thus susceptible to risks associated with exposure
both at work and at home. The populations that are most impacted by emissions
are therefore the main target for the project measures proposed.

4.3. POSSIBLE ACTIONS AND POTENTIAL PARTNERS FOR
IMPLEMENTATION OF SOCIAL DEVELOPMENT ACTIVITIES

The socioeconomic analysis investigated ways by which actions may be imple-
mented to impact positively or significantly reduce identified risks for the target
groups. The social development results obtained have become an integral part
of the CCI model put forth for replication. The types of actions proposed are
derived from the results of the analysis and the discussion and validation by a
wider audience in the development community.

The analysis of the data and information collected through specialized
studies and focus groups has identified social and economic benefits of the CCI
project, as well as issues that remain unsolved but that are directly or indirectly
caused or exacerbated by brick production. The socioeconomic issues relating
to brick production that have been identified, will not be addressed by the
technology conversion but will need to be addressed within the context of
human development of the workforce of these factories. Actions suggested
were those that may be undertaken to both resolve the issues and mitigate the
harmful condition.

5. Capacity Development

The CCI project focused on the development of local capacities to understand
and sustain the improvements that result in emissions reductions, making
replication possible and desirable on a larger scale. One such element was to
build the technical capacity of stakeholders who may be expected to be part of
any such replication. The CCI approach to capacity development is based on an
understanding that whereas there is a specific individual client for any given
technical initiative, there are as well various other stakeholders whose inputs
are necessary for successful project implementation. Furthermore, since donor
funded programming always strives to achieve sustainability beyond the continued
operation of the specific technical initiative — that is, through stand-alone
replication of the tools, techniques, and process mechanisms of project
development, if not the project itself — it is important to understand that the
specific client is unlikely to replicate the project development process beyond
his/her operations. The vehicle for this strategy was the formation of an Imple-
mentation Project Team (IPT) consisting of representatives from geographic
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areas with significant clusters of brick factories where potential replication
could reasonably be expected. This included brick factory owners, gas com-
panies, Governorate Environmental Management Units, regional branch offices
of the Egyptian Environmental Affairs Agency (EEAA), local health units, and
community NGOs (Roche Ltd. Consulting Group, December 2002).
Accordingly, two types of capacity-development were carried out to ensure
sustainability: (1) client-focused capacity development associated with the skill
sets required to operate the technical initiative; and (2) stakeholder (including
brick factory owners, gas companies, Governorate staff) focused capacity deve-
lopment associated with the process of development and implementation, which
can subsequently be used to assist other clients in implementing other projects.
The client-focused capacity development activities involved hands-on training
and support related to operation and maintenance of the new gas-fired systems.
The stakeholder-focused capacity development activities included all of the
significant steps and milestones involved in developing and implementing such
a project as well as activities aimed at increasing the awareness of the need for
such a replication, and the motivation to do so. This was carried out through
focused workshop presentations and field demonstrations, with the IPT. CCI
held seven IPT sessions over the course of the project, generally at milestones,
to share with them the progress/results achieved to date, and to advise them of
planned activities over the coming period. One of these was a field session at
Arab Abu Saed so that they could observe firsthand the four technologies being
tested. One of the sessions was an interactive workshop where the IPT provided
advice to the project regarding potential locations for replication workshops,
potential attendees, and how to contact them, as well as content and format of
the presentation material. Feedback from the IPT was strongly positive, indica-
ting that they believed they had acquired valuable capacity to engage in subse-
quent replication workshops (Roche Ltd. Consulting Group, September 2004).

6. Communications Strategy

The CCI communications strategy aimed at including ongoing stakeholder
consultation and networking throughout the project implementation by gene-
rating discussions around identified issues and proposed responses. The strategy
involved a variety of stakeholders, technical implementation partners, as well
as potential collaborators in the field of social and economic development.
Regular meetings and workshops helped facilitate the:
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e Sharing of findings and recommendations

e Validation of the findings and feasibility of implementing the recommen-
dations from the point of view of different stakeholders

e Reflection on how social development actions may be implemented making
linkages to the CCI activities and the need for and availability of additional
resources

o Identification of potential implementation partners in the community

o I[dentification of responsibilities and commitment, resources needed, and
potential sources of funding

The project carried out a number of analytical focus groups with the brick fac-
tory owners, workers, women, and children in order to assess the potential
social and economic impacts of the CCI project. The aim was to identify issues
of priority on site and in the surrounding community that were linked to brick
factory production. These issues included those of relevance to the diverse
stakeholders that would not be resolved by technology transfer and proposed
socioeconomic responses.

Focus group discussions were conducted to supplement field work, inter-
views, and research from secondary resources. Separate discussions were sche-
duled for each group: owners, workers, women, and children, in order to allow
each group to voice their opinion without feeling intimidated. The focus groups
identified the most significant issues/needs of the representative groups in order
to improve their socioeconomic conditions, and extended to community con-
cerns affecting the community at large and not just the brick factories in Arab
Abu Saed. The process subsequently moved towards presenting findings to
local government officials.

A number of stakeholders were found to be impacted by the same issues
such as water, being an issue for the owners, workers, and the community.
Efforts were invested in mobilizing these stakeholders around social develop-
ment issue. This was done by identifying stakeholders impacting/impacted by
socioeconomic issues; identifying common interests; mobilizing a variety of
resources to address the issues (i.e., resource mapping,), and adopting a holistic
process to leverage resources needed to improve social conditions of the
disadvantaged groups. Implementing partners would complement these efforts
by providing missing financial resources and technical assistance. This could be
accomplished through a nonprofit, community-based organization.

The CCI communication strategy was based on using the results from the
technology transfer and the associated studies of the environmental health risk
assessment and the socioeconomic assessment, to provide relevant information
and tools to stakeholders that would promote the replication of the project in
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other regions of Egypt, where brick making is a significant industry (Roche Ltd.
Consulting Group, September 2004). Technology transfer refers to natural gas
combustion technology transferred to the cluster of brick factories to achieve
reductions in GHG emissions. The general criteria for technology transfer con-
sidered in the CCI project related to broad developmental and environmental
criteria that were part of the overall project design and are as follows:

e Technologies must be environmentally sound
e They must have GHG reduction potential

o Cost effective

e Support sustainable development

o Transfer must include capacity development

e Transfer must involve a participatory approach (Roche Ltd. Consulting
Company, December 2002)

Environmental, human health, and socioeconomic aspects (gender disaggre-
gated) of brick factory emissions were communicated to targeted organizations
with advocacy potential for replication. The need for and the cost-benefits of
converting brick factories from mazot to natural gas were communicated to
stakeholders in other regions with potential for replication.

Risk assessments were conducted to assist the people in understanding the
importance of conversions on human health and to motivate them to replicate
the project. Studies completed formed the basis of the communication material,
and replication was promoted through focused workshops with the different
stakeholders. Communication and promotion focused on targeting specific
audiences with specific messages as the communication approach was fashioned
according to the target group. For example, the health risk impact data targeted
local health units and environmental NGOs while the community socioeco-
nomic impact data targeted community services organizations and brick factory
owners.

Different information was presented in focused workshops and meetings
with the different stakeholders and beneficiaries (children, women, and youth of
the 50 brick factory workers in Arab Abu Saed) of the project in order to
familiarize them with the steps involved in the execution of such a conversion
program. Specific elements pertinent to the self-interest of specific IPT repre-
sentatives and their constituencies were presented, such as environmental and
regulatory implications of emissions on human health and the costs to the
health-care system associated with the emissions and implications of brick
factory operations on the workforce and surrounding communities. It is impor-
tant to note that the workshops were intended to engage the IPTs to assist in the



150 SOCIOECONOMIC AND COMMUNICATION TOOLS

development of targeted communications plans for their communities and cons-
tituencies as well.

The data and information collected were synthesized and presented in such
a way as to facilitate their use by other actors, interested parties, and stake-
holders in the development community. The response received from the com-
munity was a further indication of the willingness of civil society organizations
to participate in holistic projects affecting the lives of people and their
willingness to put forward their resources to work collaboratively on something
which is not necessarily on its core program. Some of the actions suggested
were implemented within the context of CCI while others may interest organi-
zations (governmental and NGOs, donors involved in types of issues identified)
with the mandate, experience and resources necessary to plan and execute the
actions. Brick factory owners have been shown the importance of participating
in actions and decisions related to implementation, as they are the primary
beneficiaries from improved conditions of their labor force. As has been
experienced in similar projects, once the public becomes aware of such positive
impacts, they become a strong advocacy voice promoting replication of these
success stories.

7. Conclusions

On one hand the socioeconomic assessment conducted at the forefront provided
input into the risk assessment, while on the other hand, the risk assessment
provided an added value to the socioeconomic assessment with respect to the
programming responses. The socioeconomic assessment enabled a holistic
understanding of the context within which the CCI project was to be executed.
It identified issues related to brick factory production and possible actions/
actors to address them, produced proposed programming responses and brought
forward a number of potential partners for the implementation of the proposed
interventions. The assessment led to the identification of socioeconomic issues
related to brick production, which would not be addressed by the technology
conversion, but which needed to be addressed within the context of human
development of the work force of these factories. The study demonstrated the
importance of linking technology solutions to the socioeconomic conditions of
people and that the two are inextricably linked. It is a proposed methodology
for all environmental projects, not just ones related to climate change.

On a project level, sustainability usually refers to sustaining project out-
comes. The CCI outcomes are sustained through a strong and effective capacity
development program as previously described and an effective communications
strategy, which will enhance the capacity of targeted organizations to parti-
cipate in GHG reduction initiatives; enhance awareness of environmental,
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health, and socioeconomic costs and benefits of brick factory retrofits; and
result in the implementation of sustainable and replicable emissions reduction
projects.
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12. SENSORS AND COMMUNICATIONS IN ENVIRONMENT
MONITORING SYSTEMS
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Abstract: The chapter describes a study of a distributed system for monitoring
important physical and chemical quantities of the environment, including
meteorological information. The monitoring system consists of: measurement
stations with sensors, communication interface, and system controller with data
acquisition, data processing, storage, and presentation. From a technical point
of view, it is necessary to know the dynamics of the whole monitoring system
and its reliability. The sensors measure air and water quality and other parameters
like water levels. Monitoring of infrastructure (road, power and communications
networks, sewage systems) is as important as natural environment monitoring
for population security. We present a traffic monitoring system as an example
of infrastructure monitoring.

Keywords: monitoring; environment; distributed measurement system; sensors

1. Introduction

Environmental monitoring is an important tool for maintaining environmental
security and sustainability. Both the natural environment — comprising air,
potable water reserves, soil, the natural electromagnetic field, etc. — and the
man-made environment — referred to as infrastructure and including road, power
and communications networks, sewage systems, generated electromagnetic fields,
etc. — are important for humans. A growing number of parameters of both these
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environments are monitored for environmental security. Natural environment
parameters include physical or chemical quantities such as air temperature, river
water level, metal content in water (including mercury, lead, or other heavy
metals), radiation, and many others. Important infrastructure parameters include,
among others, road traffic intensity (especially the formation of bottlenecks),
performance of power and water supply systems, and potable water quality
parameters related to the water supply system. Note that in metropolitan areas
an efficient infrastructure is as important as a clean natural environment. Cities
such as Warsaw, New York, or Bucharest could not function properly without
power, water supply, sewage, and communications systems. Therefore, infra-
structure monitoring is as important as natural environment monitoring for
population security.

An environmental monitoring system uses a number of sensors for physical
or chemical quantity measurements, a communications network, and a controller
(Figure 1).
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Figure 1. Environment monitoring system.

Sensors are used for data acquisition. Automated monitoring systems use
sensors with electric output signals: examples include electric sensors for tempera-
ture, pressure, wind speed, and wind direction; laser range finders; lightning
detectors; vehicle detectors; and many others. Also, monitoring system sensors
include image converters and infrared detectors built in visual and infrared
cameras, respectively. Visual cameras are used for monitoring traffic intensity
and detecting traffic jams or conditions of increased risk. They can also be useful
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in flood risk evaluation as well as in crime detection in public places. Infrared, or
thermal, cameras are used for detecting high-temperature areas. Information
acquired by means of such cameras is used in fire risk evaluation or for detecting
a risk of machine failure in systems of social importance.

The acquired data are processed in the controller. The results are visualized,
and the data stored for long-term analyses and statistics. Each segment of the
system has an effect on the quality and usefulness of the information acquired.

Environmental monitoring systems are seldom fully automated. Some of the
sensors used for environment parameter measurements are not electric and thus
require visual reading, necessary, for example, in the case of nonelectric rain or
staff water gauges, or results of chemical analysis of water quality.

The dynamics of processes occurring in the natural environment tend to be
low enough for available means of communications to provide online reading of
all the data from a single measurement point. However, a monitoring system
typically uses data acquired at a number of measurement points (e.g., collected
from 1000 stations). The time necessary for communication with each station
within a data collection cycle must be taken into account in the design of such
multisensor monitoring systems. Enhanced communications are necessary in
storm monitoring systems, designed to acquire information on the formation
and movement of storms with atmospheric discharges, as well as in systems for
monitoring technical infrastructure, especially power grid operation and city
traffic in rush hours.

2. Communications in Monitoring Systems

Monitoring large surface areas, covering thousands of square kilometers, involves
the use of distributed monitoring systems. Such systems can use communi-
cations networks based on various wire or wireless technologies. Data transfer
in distributed measurement systems used for monitoring is performed on a bit-
by-bit basis. The required rate of data transfer in a monitoring system depends
on the dynamics of the monitored processes as well as on the amount of data
acquired in and transferred from a single measurement point within a data collec-
tion cycle. The total amount of data depends on the number of measurement
points and on the size (expressed in bytes) of a single data message.

The following means of communications (Nawrocki, 2005) are used in
natural environment and infrastructure monitoring systems:

e Public switched telephone network (PSTN)

e Radiocommunication (based on radiomodems)
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e Computer network and Internet-based communication (currently tested, not
yet in common use)

e GSM mobile phone network.

PSTN-based communication is suitable for systems monitoring areas covered
by the telephone network (Figure 2). A measurement station and the controller
can be connected by a leased line or by a switched one; in the latter case com-
munication requires a dial-up similar to that preceding a phone call. Though
using a switched line is cheaper, some systems use leased lines for security
reasons. A leased line also has the advantage of providing enhanced reliability
of operation of the measurement/monitoring system involved, by eliminating
the risk of connection failure due to a busy signal, securing stable connection
quality, and saving the time otherwise necessary for switching.

The rate of digital data transfer in a telephone network depends on the
network quality: analogue networks provide data rates up to 56 kilobits per
second (kbps), while digital networks (ISDN) allow data transfer of hundreds of
kilobits per second. The main standards for digital data transfer (through
a modem) in telephone networks are RS-232C and RS-530, together with
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Figure 2. Monitoring system using a PSTN for communication.

Radio communication is a good solution when measurement stations are far
from telephone lines or when access to them is difficult. A radio communication-
based monitoring system is shown in Figure 3 (Nawrocki, 2005). A radio
communication-based system consists of radiomodems, or transceivers equipped
with modulators and demodulators for processing output and input signals,
respectively. Monitoring systems of national importance use special bands
allocated to civil government institutions for radio communication. Other sys-
tems use licensed bands allocated to industrial radio communication, with
frequencies from the 430-860 MHz band being the most commonly used.
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Radio communication-based systems allow transfer rates up to 20 kbps, but
actual rates tend to be lower. The communication range, typically up to 50 km,
is determined by the radio transmitter power output and the antenna height.

Figure 3. Radiocommunication-based monitoring system.

A cellular telecommunication system (GSM) has many advantages when
used as the interface in systems for monitoring of the environment (Nawalaniec,
2003, Mackowski, 2006). GSM systems offer the following digital data trans-
mission services:

¢ Short message service (SMS), which is the transmission of alphanumeric
messages of up to 160 characters

e Multimedia messaging service (MMS), which is the store-to-forward trans-
mission of text, graphic, and sound files

¢ (ircuit switched data (CSD) transmission, which is the switched transmission
of digital data with speeds up to 9.6 kbps via traffic channel; an option
of the CSD mode is a high speed circuit switched data (HSCSD) with
speeds up to 57.6 kbps

e General packet radio service (GPRS), a packet data transmission mode

Where there is a very light channel load, SMS is the cheapest mode of data
transmission. A delivery report can also be sent from recipient to sender, to
verify that the message has been delivered. In the case of a lack of communi-
cation with the recipient at the moment of transmission, the message is stored in
an SMS center, and forwarded to the recipient after communication is
reestablished. The typical message delivery time is a few seconds (5 s in our
measurements — Nawrocki, 2005) from the moment of sending. However,
delivery delays can be much longer. A message can be delivered after several
hours or days, and in occasional cases can remain undelivered (which was the
reason for creating the delivery report option). Our investigations show that on
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New Year’s Eve, several messages were not delivered (Nawrocki, 2005), which
is a bad factor for the reliability of the monitoring system.

MMS is a device-to-device transmission method, like SMS, of multimedia
files via the GSM network. Files can be transferred between users (i.e., from
one subscriber to another) or between devices. The MMS standard uses a
Wireless Application Protocol (WAP) as its transmission protocol. MMS can be
used in monitoring systems such as road traffic monitoring or water level
monitoring. All these applications would involve the transmission of image
files. No common MMS standards, including a standard volume of transmitted
MMS files, have yet been adopted by GSM network operators.

CDS and GPRS transmission technologies are used in monitoring systems
when it is necessary to send not just a single result (or a single image) of a
measurement but a stream of measurement data. The CDS transmission is
online, without any delay, but its speed is rather slow — only 9.6 kbps. The
GPRS is based on packet (file) switching instead. A GPRS session can be
activated in the “always connected” mode, and data can be transferred during
phone calls without interference. Each packet, or set of data transferred, is an
integrated whole, and can be transmitted independently of the other packets. A
great advantage of GPRS is the theoretical speed of data transmission — up to
115.2 kbps. As measurements show, GSM networks (Figure 4) can currently
transmit data at a maximum speed of 26.4 kbps (GPRS) and 28.8 kbps (HSCSD)
for data transmission and at a speed of 53.6 kbps (GPRS) and 57.6 kbps (HSCSD)
for data receiving (Mackowski, 20006).
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Figure 4. GSM mobile phone network-based monitoring system.

3. Weather and Water Level Monitoring in Poland

An example of a nationwide environment monitoring system is the system used
for monitoring weather and water levels in Poland (Figure 5), operated by the state



MONITORING SYSTEMS 159

Institute of Meteorology and Water Management, and covering the area of
Poland, or 312,000 km”.
The system comprises the following six subunits (IMWM, 2006):

o Weather monitoring system, with 211 weather stations

e System for monitoring the water level in rivers, lakes, and other water
bodies, with 1000 gauging stations

e Radar system for monitoring clouds and waves of precipitation, with eight
radars

o Lightning monitoring subsystem for detecting and registering atmospheric
discharges, with nine measurement stations;

o System for monitoring air radioactivity, with nine measurement stations

o Satellite system for monitoring based on images using waves in or beyond
the visible light range (photographic or infrared imaging, respectively)

I A

& detection station of the PERUN system

Figure 5. Geographic map of Poland.

The network of 211 weather stations allows measurement of tens of basic
weather parameters, the most important of which include air temperature,
atmospheric pressure, air humidity, wind speed and wind direction. Among the
other parameters measured are cloud base height (laser-measured), amount of
precipitation (rain or snow), visibility, and air temperature near the ground.
Measurements are performed in enclosed areas within the weather stations.
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The basic equipment of a weather station is comprised of a facility referred
to as Meteorological Automatic Weather Station (MAWS). A MAWS is
equipped with electric sensors: a Pt100 resistance sensor for temperature, a
capacitance sensor for barometric pressure, a semiconductor sensor for air
humidity, sensors for solar radiation and for visibility, a pulse sensor for wind
speed, and a wind direction indicator with a Gray code disk (IMWM, 2006).

Besides a MAWS, a weather station uses a number of other devices: a laser
ceilometer for determining the height of the cloud base; a rain gauge (electric or
pulse), a radiation gauge, etc. Recognized manufacturers of meteorological
instruments include Vaisala (Finland), Impulse Physik (Germany), and Young
(USA). The weather stations in Poland use MAWS instruments manufactured
by Vaisala (IMWM, 2006).

Hydrological monitoring is based on data collected from 1000 gauging
stations in rivers, lakes, and water reservoirs. Information on the water levels is
supplied in 10 min cycles. Water level gauges used by hydrological stations are
either electric sensors for hydrostatic pressure or optical sensors. The hydro-
logical monitoring system is of key importance for flood risk evaluation and for
prevention of flood effects (IMWM, 2006).

A network of eight radar stations provides information on the position and
movement of clouds, as well as on wind speed. These data are crucial for
precipitation forecasts. The radars use the Doppler effect to measure clouds
speed and by this way wind speed. Their observation range (the radius of the
circle covered) is 200 km. Parameters of the radar stations used in Poland are
specified in Table 1.

TABLE 1. The location and parameters of weather radars in Poland

Location Latitude Longitude  Antenna Antenna Operating
height above  height above  frequency
average average sea [MHz]
terrain [m] level [m]

Orzesze 50.152 18.727 36.4 358.4 5660

Pastewnik 50.883 16.04 235 691.5 5660

Warsaw 52.40 20.931 29.3 119.3 5650

Rzeszow 50.114 22.003 30.0 241.0 5650

Poznan 52.41 16.832 35.0 123.0 5660

Swidwin 53.79 15.831 30.0 146.0 5660

Gdansk 54.384 18.456 20.0 158.0 5650

Brzuchania  50.394 20.08 35.0 453.0 5660

The thunderstorm monitoring system is very important, and is used for deter-
mination of the location and intensity of atmospheric discharges, or lightning
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strikes. Its nine stations distributed over the territory of Poland detect and
register intracloud and cloud-to-ground discharges. The detection of intracloud
discharges is of use for forecasting cloud-to-ground discharges. The site of the
discharge is determined with resolution ranging from 1 km to 4 km, like that of
radar system measurements.

Data on the intensity of lightning as well as on storm movement is of use for
aviation, the power industry (for assessing the need of emergency power cut-oft),
as well as for high-altitude work management.

4. Data Flow Management in the National Monitoring System

The general scheme of the Information System of the National Environment
Monitoring (ISNEM) is presented in Figure 6. National Environment Monitoring
(NEM) collects, processes, and provides access to such data as measurements of
characteristics of particular environment components, measurements of some
emissions, and measurements of natural characteristics, e.g., measure indicators
of air quality such as SO,, NO,, O3, CO reading from the Meteorological Auto-
matic Weather Station; meteorological indicators, e.g., noise or water surface
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indicators including water level in different river legs, which can be helpful in
dealing with crisis situations. This information is collected by Provincial
Environment Protection Inspectorates (PEPI), their sections and also research
institutes and universities, which the Environment Protection Inspection (EPI)
cooperates with. An ISNEM for data and information storage should be created in
Poland to provide wide, easy and inexpensive access to data, as well as efficient
updating (Kraszewski, 2001).

Below we present an ISNEM consisting of four interlinked subsystems, the
correlation of which is schematically depicted in Figure 6. The four subsystems
include:

e A Data Acquisition Subsystem (DAS)
¢ An Archiving Subsystem

e A Process Data Subsystem

e A Data Provision Subsystem

The DAD, comprises mechanisms of data acquisition from the environment
by means of measurement devices, observation, or sampling and laboratory
analyzes. A procedure of data input should be developed for every environmental
component. All data should be stored in the system memory as acquired in
the earliest phase of the measurement procedure. In many cases, this necessitates
the creation of source databases. Measurement results can be verified within the
subsystem and if accepted, forwarded to archives. These are designed for storing
other data, not representing results of measurements performed within national
environment monitoring programs, and providing information on parameters such
as radioactive emission or river flow as well as meteorological data.

The other subsystems comprising the ISNEM include: the Archiving
Subsystem with electronic databases for storing all the accumulated data; the
process data subsystem, comprising warehouse data and applications designed
for data processing into a format required by end users; and the data provision
subsystem, to be used by public administration, public figures, and the Central
Statistical Office (Nawalaniec, 2003). Data will be provided in the form of
reports published on the Internet.

The concept of ISNEM also involves two methods of data acquisition and
archiving: one using a distributed database, the other a centralized one (Figure 7).
The former involves development of a distributed system for data acquisition
and transfer to the ISNEM. The acquired information is to be verified by a PEPI
administrator before being added to the provincial database and then to the
central database. If environmental measurements and observations are only
conducted on the national basis, a single centralized database is to be used.
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Figure 7. Organization of the data acquisition and archiving subsystems: (a) distributed and
(b) centralized.

Regardless of the organization of the data acquisition and archiving
subsystems, part of the information will come from automatic measurements of
air and water pollution concentrations at a number of measurement stations, and
from automatic water level gauges in individual river segments, which are of
use for flood management. Because of considerable distances between measure-
ment stations and data acquisition centers in this distributed system, the best
solution for communication is a nationwide 2G cellular phone network, cover-
ing over 96% of the country’s area.

5. City Traffic Monitoring

Three kinds of monitoring subsystem have been integrated into a single
supervisory control and data acquisition (SCADA) system in the Ostrow
Wielkopolski district of Poland. The system consists of the following units
(Nawalaniec, 2006):

e A subsystem for supervising junction traffic lights in the city
e A subsystem for monitoring environment data
e A video monitoring subsystem

The district SCADA system is mainly designed for traffic management. The
traffic light subsystem allows online monitoring of the operation and status of
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all the traffic lights in the monitored area, analysis of coordinated signals and
traffic intensity, as well as remote access to traffic controllers. It also gives a
possibility of remotely blocking some junctions with all-red lights, if necessary.

The environment data monitoring subsystem allows online monitoring of
the status of environmental parameters such as air temperature, dew point, wind
chill, air pressure, wind speed and direction, air humidity, or rainfall in the last
hour or in the last 24 h. Parameter history diagrams can be generated at any
time as well. The video monitoring subsystem allows monitoring of the situa-
tion in a street or on a road and the adjacent area. This system can be of use for
public security services.

6. Conclusions

Environmental security is determined by parameters of the natural environment
(such as the quantity and quality of water, the quality of air and soil, or the
weather conditions) as well as by those of the built environment, or technical
infrastructure. Therefore, parameters of both types of environment should be
involved in environmental monitoring aimed at maintaining environmental
security and sustainability. Parameters such as road traffic intensity should be
monitored along with air pollution, flood, or hurricane indicators.

Environment monitoring is based on the use of sensors and communication
systems, and is vital for environmental security. Though the dynamics of
environmental processes is assumed to be relatively slow in comparison with
the average performance of high-speed communication systems, more thorough
studies show that the operation of monitoring systems using a number of field
measurement stations involves time limits that should be taken into account for
the system to operate efficiently. Besides the number of field measurement
stations, the dynamics of a monitoring system is also affected by the number of
sensors used by each station, and, obviously, by the rate of data transfer in the
communication system employed.

Natural environment and infrastructure monitoring is very important for
environmental security. Note that only the infrastructure — the built component
of the environment — besides being monitored can also be controlled and
modified by humans. The natural environment can only be monitored, and its
status, e.g., the weather conditions, taken into consideration in action planning.
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Abstract: In European countries that suffered under totalitarian regimes for
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mental quality endanger the existence of several species, and the well-being of
human population, too. In this chapter we point out the key role of microorga-
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1. Introduction

Since 1989/90, several Central European and Eastern European countries have
largely adopted market-oriented economies, implying major changes in their
production and trade systems, and sometimes also a variation within European
boundaries. Due to these changes, environmental issues hidden for at least four
decades became a matter of serious discussions. Climate change, air, water, and
soil pollution, deforestation, loss of biodiversity, desertification, stratospheric
ozone depletion — all these environmental issues mainly caused by anthropo-
genic activities showed negative consequences on land productivity, food and
fodder supply, and freshwater quality. In some transition countries the quality
of the environment culminated to a critical point because of a long-term politi-
cally caused environmental ignorance (Mejstrik, 1993; Moldan and Billharz,
1997). Many of the problems transcended national boundaries, and thus an
international cooperation is ultimately required now in order to improve the
unfavorable situation. Also, to avoid a risk of serious environmental and
perhaps also social crisis, a sole anthropocentric view on the life security should
be transformed in favor of an ecocentrism view. This is because the terrestrial
ecosystems in their entity are undoubtedly capable of a sustainable existence
even without being populated by humans. However, the existence of humans on
this planet can flourish only upon a narrow limit of physicochemical and
biological conditions. Thus, no sustainable existence of human population
appears possible without a health terrestrial ecosystem (Filip, 2004).

2. Environmental Situation in a Former “Black Triangle” Region
and some Other Countries

In Central Europe, the western part of the former Czechoslovakia, now the
Czech Republic, the eastern part of the former German Democratic Republic,
now the “New Lénder” — part of the Federal Republic of Germany, and the
southern part of Poland, all of them heavily industrialized regions, were com-
monly designated as a “Black Triangle”. In the Czech Republic, e.g., in this and
a few other heavily industrialized regions, about 55% of the total population
was concentrated, and 96% of fuels, 94% of metallurgical products, 71% of
chemicals, and 86% of electrical power was produced (Mejstrik, 1993). Emitted
by the industry, the regions received a permanent flux of pollutants such as
SO,, NO,, O;, and heavy metals for several decades. The main source of the
emissions was a low quality brown coal, which was used as the main energy
source. Still in 1990, brown coal covered more than 65% of the country’s total
energy demand. In Table 1 the amounts of two capital emissions in the “Black
Triangle” and some other European countries are listed.
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Data in Table 1 show that emissions were much lower in Western European
countries in comparison to the “Black Triangle” countries.

TABLE 1. Emission of sulfur dioxide and nitrogen oxides (in 10° t) in some European countries
in 1990. (From Mejstrik, 1993.)

Country Sulfur dioxide Nitrogen oxides
Czechoslovakia 1400 1250
German Democratic Republic 2620 1005
Fed. Rep. of Germany (old) 530 2860
Poland 2250 1620
Belgium 210 300
Denmark 130 254
France 667 1772
Norway 33 226
Switzerland 31 184

There is no doubt that the total atmospheric deposition of pollutants is a
value of high importance from the point of view of environmental toxicology
and human health. The adverse effects of air pollution became apparent in at
least 60% of the Czech forests. Acidity of forest soils was increased, nutrients
were washed out, toxic elements became released, and thus plant available and
the whole forest ecosystem became significantly degraded. A considerable loss
in a natural resistance against external harmful effects, such as insects and
pathogens was observed (Megjstrik, 1990). Even more, up to 50% of higher
plant and vertebrate species in total became endangered in the Czech Republic,
the incidence of respiratory diseases in both children and adults was growing
steadily, the human population in total demonstrated deficiencies in their
immune system, and the mortality, especially in males of 4549 years,
increased by 39% in comparison to 1964 (Moldan, 1990; Mejstrik, 1993). It has
been stated that without international assistance and cooperation, the “Black
Triangle” region would be doomed to permanent instability and internal
destruction both economically and socially due to a heavy destruction of natural
environments (Mejstrik, 1993).

A similar environmental situation, not necessarily with the same acute risk
for humans, appeared in other European transition countries and in part even
worldwide. The North Atlantic Treaty Organization (NATO) Committee on the
Challenges of Modern Society adopted a syndrome approach as developed by
the German Government’s Advisory Council on Global Change, and the Potsdam
Institute for Climate Impact Research. This approach provides a number of
patterns of environmental stress identified on an international scale (Lietzmann
and Vest, 1999).
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In Table 2 the syndrome-based concept is summarized, which is based on an
assumption, a repeatedly confirmed one, that environmental stress is part of
dynamic interactions between humans and nature. Different types of such inter-
actions occur in various environmental and geopolitical regions of the world,
and they are divided into three subgroups “resources utilization”, “develop-

ment”, and “sinks”.

TABLE 2. An overview of global change syndromes. (From Lietzmann and Vest, 1999.)

Syndromes

Causes and/or effects phenomena

Utilization syndromes

Sahel Syndrome
Overexploitation Syndrome
Rural Exodus Syndrome

Dust Bowl Syndrome
Katanga Syndrome

Mass Tourism Syndrome
Scorched Earth Syndrome

Overcultivation of marginal land

Overexploitation of natural ecosystems

Environmental degradation through abandonment of traditional
agricultural practices

Nonsustainable agro-industrial use of soils and water bodies
Environmental degradation through the extraction of nonre-
newable resources

Destruction of nature for recreational ends

Environmental destruction through war and military actions

Development syndromes

Aral Sea Syndrome

Green Revolution Syndrome

Asian Tigers Syndrome

Favela Syndrome

Urban Sprawl Syndrome

Major Accident Syndrome

Environmental damage of natural landscapes as result of
large-scale projects

Environmental degradation through the introduction of
inappropriate farming methods

Disregard of environmental standards in the course of rapid
economic growth

Environmental degradation through uncontrolled urban
growth

Destruction of landscapes through planned expansion of
urban infrastructures

Singular anthropogenic environmental disasters with long-

term impacts

Sink syndromes

Smokestack Syndrome

Waste Dumping Syndrome

Contaminated Land
Syndrome

Environmental degradation through large-scale diffusion of
long-lived substances

Environmental degradation through controlled and uncont-
rolled disposal of waste

Contamination of environmental assets at industrial locations
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The importance of the syndrome-based approach for scientists and policy
makers is that it may serve as a starting point for the development of the
respective indicators, and for early intervention in order to avoid escalation of
the environmental problems, and possibly also of related conflicts.

3. Microorganisms as the Basis of Life

Microorganisms are the basis of the entire biosphere. They represent the well-
spring from which all other life has arisen, and a necessary support system for a
continued existence of life on earth. It has been estimated that there are about 5
x 10!, (in weight over 50 quadrillion metric tons) of microbial cells on this
planet. It means that microorganisms constitute more than 60% of the biomass
of the whole biosphere. Plants and animals definitely emerged within a
microbial world and have retained an intimate connection with, as well as
dependency upon microorganisms. Humans are definitely latecomers to this
planet, and even more, over 90% of the cells in a human body are micro-
organisms (AAM report, 2004). Bacteria and fungi heavily populate our intestine,
skin, mouth, and other orifices and maintain benign or even beneficial
relationships with individual body organs. In this way, they influence both our
physical and mental health.

Recent investigations of the interrelatedness of microbes brought to the light
the model of the evolutionary relatedness of all life on earth — the tree of life

(Figure 1).
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Figure 1. The tree of life — a model of the evolutionary relatedness of life on earth (From
Leadbetter, 2002).
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Figure 1 shows basically that the biological world is not divided into five
kingdoms, as was held by most biologists until about 1970s, but is actually
comprised of only three kingdoms or “domains”. Two of the domains Eucarya
(cells with nuclei, and including plants, animals, and fungi), and Bacteria had
previously been described, but the third one, Archea, was entirely unheard-of.
Archea have some characteristics of both Bacteria and Eucarya. For example,
the process of DNA replication is similar between Archea and Eucarya, while
both Archea and Bacteria lack membrane-bound structures within their cells
(AAM report, 2004). Also, Archea have been found to be a diverse, versatile,
ubiquitous group of microorganisms that can tolerate a wide range of habitats,
including some of the most inhospitable environments on earth. The in-between
adopted idea that, two of the three domains of life are microbial, have caused a
radical paradigm shift for biology showing that most of the spectrum of genetic
diversity undoubtedly belongs to microorganisms. Life forms visible to our
naked eye, such as fungi, plants, and animals represent only a small fraction of
biological diversity. Indeed, most of the microorganisms have not been grown
in culture and characterized, yet. In contrast to plants and vertebrates of which
about 90% have been described, it seems that less than 1% of the bacterial and
5% of fungal species are currently known (see Table 3).

TABLE 3. Approximate numbers (x 10°) of species in major groups of described and/or esti-
mated organisms. (From Staley et al., 1997.)

Organisms No. of known Estimated no. of Percentage of species from total
known species species in total estimated no.
Bacteria 4 1000 0.4
Fungi 72 1500 4.8
Protozoa 40 200 20.0
Algae 40 400 10.0
Plants 270 320 84.0
Nematodes 25 400 6.0
Crustaceans 40 150 26.0
Insects 950 8000 12.0
Vertebrates 45 50 90.0

One of the most surprising characteristics of microorganisms is a broad
range of environmental conditions under which they flourish (see Table 4).
Some thrive in boiling water of hot springs or even at temperatures higher than
100°C in submarine vents. In our experiments, e.g., a submerged mixed culture
of compost microorganisms developed clearly enhanced colony counts and
metabolic activity (CO, release) at 70°C in comparison to controls kept at 30°C,
if organic or especially mineral colloidal particles (humic matter and bentonite,
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respectively) were present in a growth medium (Filip, 1978). Different living
microorganisms can be found in sea ice of Antarctica; some produce sulfuric
and nitric acids, and many need no oxygen for their life. Others live in saturated
salt brines, and some are resistant to high levels of radioactivity (Staley et al.,
1997). Again, in some of our experiments, different soil bacteria not only
survived but also exerted quite strong enzyme activities in soil samples heavily
contaminated by man-made chlorinated solvents (Kanazawa and Filip, 1986,
1987).

Apparently, microorganisms can inhabit even hostile environments every-
where on our planet. They have quite a bizarre physiological capacity and very
versatile metabolic activity, all of which attest to the richness of their genetic
resources.

TABLE 4. Examples of extreme environmental conditions under which microorganisms live and
metabolize. (From Staley et al., 1997)

Natural habitat

Environmental parameter Microbial inhabitants

Extreme Less than Polar sea ice Psychrophilic Eubacteria
temperature 1°C
More than Hot springs; Marine Hyperthermophilic Archea
110°C hydrothermal vents
Extreme pH Less than Sulfur springs; Acid mine Acidophilic Eubacteria Archea
values pH1 drainage
More than Soda lakes; Desert soils Alkaliphilic Eubacteria Archea
pH 12

Absence of oxygen

Saturated saline
Low water activity
High hydrostatic pressure

Sediments; animal intestine

Salt lakes; Brines
Desert soils; Saps, Brines
Deep sea

Eubacteria, Archea, Anaerobic
fungi, Protozoa

Extreme halophilic Archea
Xerophilic fungi

Barophilic bacteria
More than 1000 atm
High radioactivity Radioactive soils Radioduric bacteria

(Deinococcus sp.) dark

pigmented fungi

Microorganisms play an important role in geochemical processes that
govern the turnover of elements and transformation of substances in all natural
environments. For example, the global nitrogen cycle includes unique processes
such as nitrogen fixation, i.e., bioconversion of atmospheric dinitrogen gas to
organic cell nitrogen of living cells. Furthermore, microorganisms carry out
oxidation of ammonia and nitrite to nitrate, and nitrate reduction with formation
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of di-nitrogen and nitrous oxide gases. Similar important and unique roles are
played in the cycles of carbon, sulfur, phosphorus, and other bioelements. If it
were not for microorganisms, substances such as cellulose and lignin would not
be recycled but accumulate in the environment with disastrous consequences
for entire life on earth. The microbial turnover of carbon amounts to some 43
Gt C/yr, which is approximately equal to a total net biomass production (Smith
and Paul, 1990).

In difference to many higher organisms capable of existence and activity
rather individually, the microbial life and activities in natural environments
occur in communities, i.e., groups composed of single or multiple species that
exist at the same place. Figures 2 and 3 shows small communities of bacteria
and yeasts as established on a mineral surface (clay particle), and on oil droplet,
both carriers apparently offering a semisolid base and nutrient source for the
attached microorganisms.

Figure 2. Clay particle saturated with nutrients and attracting bacteria: (a); quartz particle with
only a few bacteria attracted (b) (Photo by Z. Filip).

The final structuring of a microbial community will be dictated by opp-
ortunities for metabolic and/or co-metabolic utilization of nutrients. Under
natural conditions, e.g., in soil as the most heavily microbial inhabited envi-
ronment, biologically based processes take place in a concerted action of
different organism groups (micro-, meso-, and macro-edaphon), each of which
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is capable of delivering a specific contribution to the ecologically important
processes (see Figure 4).

Figure 3. Oil droplet inhabited by yeast cells (Photo by Z. Filip/W. Pecher).
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activities (From Filip, 2002).
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As discussed in Section 2, pollutants originating mainly from anthropogenic
activities may exert different detrimental effects of human population directly.
Similarly, and perhaps with even more serious consequences for the entire
environment, pollutants, mainly chemical ones, affect both directly and indirectly
microorganisms in their natural environments such as soil. In Figure 5 the
possible ways and the respective final targets of soil pollution have been sum-
marized and shown schematically.

Evidence exists (Staley et al., 1997) that microorganisms may also influence
climate. Some marine algae produce dimethyl-sulfide (DMS). This compound
is volatile and escapes into the atmosphere where it is photooxidized to form
sulfate. The sulfate acts as a water nucleating agent and when enough is formed
clouds are produced which have three major impacts. First, they shade the
ocean and, thereby, slow further algal growth and DMS production, eventually
decreasing cloud formation. Second, the clouds lead to increased rainfall, and
finally, because clouds are reflective of incoming sunlight, they reduce the
amount of heat that reaches earth, moderating global warming.
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Figure 5. Behavior of pollutants in soil and their possible effects on microorganisms and ecolo-
gically important microbial processes (From Filip, 1998).
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4. Societal Benefits of Microbial Exploration and Harvesting

Microorganisms have provided many environmentally important functions,
and economically valuable processes and products that can be used in our all
everyday life. Further exploration of microbial diversity and metabolic acti-
vities might bring about not only discovery of new unusual organisms but also
novel means useful in agriculture, bioremediation, medicine, and different bio-
technological industries. Table 5 lists some examples of present and predicted
applications of microbial biotechnological tools and processes that were and/or
could be derived from microbial exploration.

In the technologies, processes and individual utilization steps, microorga-
nisms will not be exploited to perform industrial, agricultural, and commercial
activities; they will perform these activities to sustain their own livelihood. It is
solely utilization of specific microbial activities for application to the better-
ment of the conditions for human and environmental sustainability that is envi-
sioned.

5. Training to meet Future Needs and Challenges in Environmental
Microbiology/Biotechnology

Reviewing the facts of the previous sections: Extensive industrial and other
human activities as evolved especially in the past decades have not only
resulted in a general enhancement of living standards but simultaneously they
substantially contributed to deterioration of terrestrial and aquatic ecosystems;
consequently, they can seriously endanger the basic existence of different spe-
cies on the earth, including humans. Since the functioning of ecosystems
undoubtedly rely on specific activities of microorganisms, we should thoroughly
preserve life-important microbial activities. Microorganisms were the first life
forms, they carry out the processes that ensure clean drinking water and fertile
soils, and represent important determinants of human health. They are the most
genetically and biochemically diverse forms of life and are the most rapidly
evolving organisms colonizing our planet. Microorganisms govern environ-
mental cycling of elements, nutrients, and other substances necessary for the
life sustainability. In light of these truths it is apparent that an effort must be
undertaken to educate the youth, public, and also policy makers, in microbiology,
its principles and applications, especially with respect to environmental issues
and related prospects in biotechnology.

Recently, the American Academy of Microbiology, the honorific leadership
group of scientists in the field, made serious recommendations on how to
improve education in microbiology (AAM report, 2004). Reorienting school
curricula should begin with changes in biology textbooks in which texts should
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be organized around a microbiology core. Microorganisms and their importance
for the sustainability of life on earth should take center stage in science cur-
ricula at the elementary, middle, and high school levels. For this reason, many
current teachers need to be retrained in the theory and applications associated
with the modern microbial science. At the undergraduate level, education should
take place with two different aspects: training future specialist in microbiology/
biotechnology, and a decided contribution to the training of biologists in other
fields. Even students in fields outside of the life sciences would benefit from
lessons in microbiology. At a graduate level, dedicated lessons and advanced
research should be performed in a broad scale, and dealing with the main future
oriented topics as suggested in Table 5.

TABLE 5. Some current and anticipated benefits of microbial exploration and harvesting. (From
Staley et al., 1997.)

Current successful applications of microbial biotechnology with an option of enhancement

Industrial fermentations

Industrial enzyme production (approx. value USS$ 1 billion/year)

Production of bioactive compounds such as antibiotics, immune suppressors,
biopesticides, vaccines, growth promoters, etc. (approx value USS$ 35 billion/year)
Food and dairy industry processes and products

Pulp and paper effluent treatment

Water and wastewater treatment

Bioplastics

Anticipated products, applications, and areas expected to benefit

Novel enzymes for use in biotechnology: polymerases, ligases, alkaline phosphatases;
specific robust catalysts for high and low temperatures and other extreme conditions
Novel bioactive, e.g., anti-inflammatory, compounds, and antibiotics from soil,
endophytic, epiphytic, litter-inhabiting, and marine microorganisms

Sustainable agriculture and forestry

Novel biopesticides

Improvement of nitrogen fixation

Rhizoremediation; plant growth promoting rhizobacteria

Animal health and productivity promoting cultures and substances

Plant genetic engineering, e.g., with Agrobacterium sp.

Mycorhizae utilization

Enhanced bioremediation of hazardous waste sites, and treatment of industrial waste
streams

Biorecycling of materials

Biomimetics: exopolymers, dispersants, adhesives, emulsifiers

Bioelements for computers and switches

Biorestoration and bioconservation



ENVIRONMENTAL MICROBIOLOGY/BIOTECHNOLOGY 179

Green technologies

Mine reclamation

Conservation of plants and animals in endangered habitats

Human health

Diagnostics and public health issues

Drinking water and wastewater advanced treatment

Combating novel pathogenic microorganisms with new antibiotics
Improving indoor air quality

Impact on global climate (carbon dioxide, methane, dimethyl sulfide)
Microbial production of fuels (alcohol, biodiesel, hydrogen)

New discoveries that expand our understanding of the diversity of life and the impact
of microorganisms on the biosphere

In 2004, the Czech Republic, Hungary, and Poland became full members of
the European Union (EU). A few other European countries belonging to the
former Eastern Block will follow, perhaps, in 2007. In addition, several other
transition countries will attempt a full membership in the EU. By suffering
under different problems concerning the environmental quality, the individual
countries have or will have to adopt EU legislation on environmental protection
including the respective quality standards, all this in favor of the entire European
population. Consequently, effective measures are to be undertaken to combat
the existing deterioration of natural resources in order to ensure clean air, safe
water, and healthy food for the population in the individual countries. To
achieve this goal, an updating and intensifying of environmental education is an
important precondition. Such a necessity exists also in the Czech Republic as
documented in the Section 2 of this chapter. Although in the former Czecho-
slovakia, valuable results have been achieved in life sciences, including general
and applied microbiology/biotechnology, Mejstrik (1993) pointed on the fact
that the former administrative—directive economic and social management caused
a plundering manner of the utilizing of natural resources without taking care of
environmental quality and human health.

The situation started to improve after democratic rules were reintroduced in
the country, starting in 1989/90. Currently the Czech scientists deliver many
valuable contributions in environmental microbiology/biotechnology nationally
as well as internationally. The internationally renowned Department of Bio-
chemistry and Microbiology, a part of the Institute of Chemical Technology
Prague (ICTP), and chaired by K. Demnerova, may serve as an example of
extensive research activities in this field. Demnerova et al. (2002, 2005),
Kucerova et al. (2000), Macek et al. (2000, 2002), Mackova et al. (2002, 2005),
and Pazlarova et al. (2002) contributed effectively to “a new wave” in this field.
By recognizing both the high level of research work, and the existing need to
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develop teaching and research in the given field further, the European Com-
mission in Brussels established a Marie Curie Chair in Environmental Micro-
biology/Biotechnology for 3 years at the ICTP. The aim is to extend the existing
teaching program in which (i) General and Applied Biochemistry, (ii) Bio-
chemistry and Genetics of Microorganisms, and (iii) Health Engineering,
predominated until now. In Table 6 the priority topics have been summarized
that are to be considered in the respective curricula.

TABLE 6. Priority scopes and individual topics for the lecturing in environmental microbiology/
biotechnology as proposed for the Institute of Chemical Technology, Prague

Priority scopes Individual topics
Biological Principles of general microbiology
fundamentals Microbial energetics and metabolic pathways

Microbial population and community dynamics
Microbial substrate utilization and nutrient cycling
Co-metabolic utilization of refractory substances
Enzymatic transformation of organic substrates
Ecological Microorganisms in terrestrial environments
fundamentals Microorganisms in aquatic environments
Microorganisms in the air atmosphere
Microorganisms in extreme environments
Animals as microbial environments
Molecular aspects of microbial ecology
Technological Physicochemical and technological principles of utilizing microbial
fundamentals activities
Immobilization of microbial cells on natural and man-made materials
Formation and utilization of biofilms under natural conditions, and in
bioreactors
Monitoring of microbial growth and activities under natural conditions, and
in technological processes
Current perspectives in biotechnologies

Soil and Degradation/transformation/immobilization of pollutants by microorganisms
groundwater In situ bioremediation of polluted sites
protection On-site bioremediation of polluted sites

Off-site bioremediation of contaminated materials

Microbial formation of refractory organic compounds in soil and groundwater
Fate of genetically engineered microorganisms in soil and groundwater
Survival and transmission of health relevant microorganisms in soil and
groundwater

Assessment of soil and groundwater quality by microbiological and bio-

chemical methods
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Liquid and Aerobic/anaerobic microbial degradation of organic matter in municipal and
semiliquid wastes  industrial effluents, sewage sludge, and landfill-leakage water
Enzymatic conversion of organic pollutants in liquid and semiliquid wastes
Degradation and/or transformation of organic pollutants in liquid and semi-
liquid wastes using artificially designed microorganisms (e.g., immobilized
cells, GEMs)
Solid wastes Microbial degradation, transformation and/or stabilization of organic matter
in solid wastes disposed of in a landfill
Microbial processes in composting solid wastes
Biodeterioration and transformation of plastic materials disposed of in a
landfill
Microbial leaching and/or binding of chemical pollutants (e.g., heavy
metals) in solid wastes disposed of in a landfill
Risk of dissemination of health relevant microorganisms from landfills and
compost heaps
Gaseous Microorganisms as air pollution factors
pollutants Microbial utilization of gaseous compounds
Cleansing of waste gases using microorganisms (biofilters)
Microbial binding of greenhouse gases
Health risks and Detection and risk-evaluation of health-relevant microorganisms in
environmental environmental samples
hygiene Detection and risk-evaluation of health relevant microorganisms in specific
man-made environments, including health-relevant wastes
Hygiene requirements in handling and treatment with natural and man-made
microbial affected materials.

The theoretical lecturing should be accompanied by respective practical
courses in the laboratory in order to make students familiar with microorganisms
in a culture and with common techniques of observing and affecting microbial
activities with the aim of their final utilization in environmentally oriented
biotechnological processes.

According to Woese (1999), a scientific understanding of organisms has
four basic components: (i) structure—function relationship, i.e., how the orga-
nisms are built and how they work; (ii) diversity, i.e., what kinds and how many
of them there are, and the ways in which they are similar or different;
(iii) ecology, i.e., how they interact with their environments and with one
another, (iv) evolution, i.e., where they came from and how they are related to
one another. Primary, these basic components should be applied to micro-
organisms. From a human point of view, however, we shall also ask: which
kind of metabolic activities the microorganisms are capable of, and whether
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these could be used biotechnologically in favor of human life and social
prosperity?

Indeed, a success in establishing educational curricula in environmental
microbiology/biotechnology on a broad base does not depend on microbial
literacy only. Far more, by completing our knowledge on microorganisms and
sharing it with a broad public, we also will increase public awareness of the fact
that our existence on this planet is just one single component in a life cycle, the
basic processes of which are truly governed by microorganisms. Indeed, not
only by respecting but also by utilizing this fact in different fields of environ-
mental biotechnology consciously, we can enhance our chance in continuing
life on earth in a sustainable way.

6. Conclusions

Due to 40 or even more years of totalitarian ruling over several countries in
Central and Eastern Europe, considerable damage was developed in both huma-
nitarian and environmental affaires. In the last decade, however, considerable
improvements in environmental quality could be attained, especially in the new
EU member countries. A recent Report on the Environment Quality, as issued
in 2005 by the Ministry of Environment of the Czech Republic, contains much
evidence in this respect. For example, the emissions of sulfur dioxide and
nitrogen oxides were reduced between 1990 and 2002 from 23.5 to 3.0 t, and
from 7.0 to 4.0 t/km®, respectively. Nevertheless, many problems are still to be
solved. To improve environmental quality in a sustainable way, environmental
education is an urgent issue. This has been recognized by the responsible EU
and Czech authorities. Even more, all European countries can count on effec-
tive support of their environmentally oriented educational activities by the
European Commission as clearly evidenced, e.g., by the respective program
of a Marie Curie Chair in environmental microbiology/biotechnology, as
temporarily established at the ICT Prague.
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14. LESSONS LEARNED FROM THE NORTH: BALANCING
ECONOMIC DEVELOPMENT, CULTURAL PRESERVATION,
AND ENVIRONMENTAL PROTECTION

SUSAN ALLEN-GIL'
Environmental Studies Program, Ithaca College, Ithaca,
NY 14850 USA

Abstract: This paper reviews the environmental stressors and their effects on
the ecosystems and cultures of the circumpolar Arctic. Transition countries face
a similar set of conditions in that they are ripe for economic development, must
manage severe contamination issues, and are home to many communities steeped
in Old World culture facing intense modernization and globalization.

Keywords: Arctic; metals; POPs; cultural heritage

1. Introduction

The Arctic may seem an unlikely place to look for lessons learned with respect to
environmental security, but in many ways the Arctic has experienced an onslaught
of environmental pressures since the 1800s when whale blubber became desi-
rable for lamps and baleen became popular for making hoop skirt frames,
buggy whips, umbrella ribs, fishing rods, and mattress stuffing (Blackman,
1989). In the last 150 years, the Arctic has served as a natural resource frontier,
as a repository for anthropogenic pollutants, and more recently as an early
warning area for the effects of climate change. Meanwhile, the native inhabi-
tants of the Arctic struggle to preserve their cultural heritage, which is very
strongly tied to the land and its resources.
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2. Economic Development

The Arctic region is rich in natural resources, leading to extensive mineral
mining, and oil and gas development. The world’s largest supplier of nickel and
palladium is located in Norilsk, Russia, which produces nearly 0.25 million tons
of nickel and 0.5 million tons of copper annually (mining-technology.com, 2006).
While over 90% of its sales are to foreign customers, this complex also supplies
90% of Russia’s nickel and 55% of its copper (mining-technology. com, 2006).

The Red Dog Mine in Alaska (USA) is the largest lead—zinc mine in the
world, with probable reserves of 93,696,461 t of ore (18.2% zinc and 4.6% lead)
(Northern Alaska Environmental Center, 2002). Currently, the mine extracts
roughly 7-10 million tons of ore per year, and is expected to continue operating
until 2012, and possibly longer if nearby deposits prove to be economically
viable (Northern Alaska Environmental Center, 2002). In the last few years,
projects have begun to mine gold deposits in Russia and diamonds in northern
Canada (All Things Arctic, 1998; CBC News, 2006). This development pro-
vides an important source of income for many Arctic residents, but also adds
environmental stress to the ecosystem.

Arctic oil and gas extraction is becoming ever more widespread and
provides a source of livelihood for many Arctic communities. The Prudhoe Bay
and Kuparak River oil fields in northern Alaska are two of the top three oil
fields in the USA in terms of production volume, accounting for nearly 10% of
all US oil production (US Department of Energy — Energy Information
Administration, 2005). Likewise, over 90% of current natural gas production in
Russia and 90% of all Russian offshore hydrocarbon reserves are located in the
Arctic (Burakova, 2005; US Department of Energy — Energy Information
Administration, 2006).

3. Environmental Effects

The combination of development within the Arctic and beyond its borders has
impacted the Arctic environment and its people in a variety of ways, many of
which are similar to what has occurred and continues to occur in transition
countries.

3.1. MINERAL EXTRACTION AND PROCESSING

Nonferrous metal production is a major source of heavy metal emissions to the
atmosphere. Emissions during production accounts for the largest source of
atmospheric arsenic (As; 69%), cadmium (Cd; 73%), copper (Cu; 70%), indium
(In; 100%), and zinc (Zn; 72%) (Pacyna, 2002; Walsh, 2003).
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The Norilsk metallurgical complex emits 5000 t of sulphur dioxides daily
(Walsh, 2003). The environmental impacts of these large metal producing com-
plexes are quite severe but predominantly local (Blais et al., 1999; Allen-Gil
et al., 2003). A large area surrounding Norilsk is devoid of most lichen and
moss species, and trees are dead from acidification (Vlasova et al., 1991).

The Red Dog Mine is Alaska’s largest polluter, emitting over 80% of the
total toxics released in the state, including 308 million pounds of zinc com-
pounds and 123 million pounds of lead compounds annually (Northern Alaska
Environmental Center, 2002). Along the Red Dog Mine haul road, concen-
trations of Pb, Zn, and Cd in moss species are 1.5-2.5 higher than severely
polluted regions in Central Europe (Ford and Hasselbach, 2001).

Additional heavy metal emissions are transported to the Arctic from distant
sources. Emissions from Asian sources continue to increase, and now account
for 40% and 60% of total emissions (depending on the metal), and are expected
to soon become more significant than Russian sources for delivery of heavy
metals into the Arctic atmosphere (Pacyna, 2002).

3.2. GLOBAL CLIMATE CHANGE

While the Arctic region is not a major source of CO, emissions, it pays a large
price for global fossil fuel use. The environmental effects of these enterprises
are varied and complex, ranging from local vegetation impacts from heavy
machinery on the tundra to pronounced global climate change (Forbes et al.,
2001), (Hollister et al., 2005).

The Arctic has shown early, significant signs of warming (Lemonick, 2004;
Schiermeier, 2006). In the last 30 years, the US Arctic has experienced greater
changes in temperature than anywhere else on earth (Whitfield, 2003). This
warming has led to many ecological changes. For example, the delayed forma-
tion of sea ice in Alaska disrupts the timing of polar bears from moving north-
ward to hunt seals and walruses (Derocher et al., 2004; Lemonick, 2004). As
the distribution of more species extends northward, Arctic species will face
increasing competition for scant resources and yet have little capability to
extend their own territories towards the pole (Arctic Council, 2004).

3.3. PERSISTENT ORGANIC POLLUTANTS

Transboundary movement of persistent organic pollutants (POPs) also affects
the Arctic. The major source for POPs is escape into the atmosphere from sites
of manufacture, use, and disposal. Depending on their physical and chemical
properties, POPs can be transported through time from temperate areas of origin
to the Arctic through global fractionation, resulting in accumulation at northern
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latitudes (Wania and Mackay, 1993; Arctic Monitoring and Assessment Program,
2002). Thus, for many anthropogenic air pollutants, the Arctic serves as the
ultimate global sink.

Many lipid-soluble organochlorine pesticides (such as DDTs and HCHs)
and PCBs migrate to the Arctic this way, where they bioaccumulate in the long,
fat-based Arctic food web. Some evidence suggests that levels of these POPs
compounds are high enough in polar bears and northern fur seals to account
for observed reproductive and immune impairment (Arctic Monitoring and
Assessment Program, 2002).

The extent to which global climate change will impact Arctic pollution is as
yet uncertain, but there is reason to expect that it will be significant (Arctic
Monitoring and Assessment Program, 2003). Clearly, climatic factors (such
as temperature, precipitation, and ocean and atmospheric currents) strongly
influence routes and mechanisms of long-range atmospheric transport. Warmer
temperatures may also serve to increase the rates of decomposition of contami-
nants. As climate change alters the species composition in the Arctic, a series of
potential ecological changes are possible. For example, long range biotransport
from southern latitudes may become more significant as the range of more
migratory fish (especially salmon) extends northward. More disease vectors
may be introduced, which when combined with decreased immunocompetency,
may result in greater mortalities rates among wildlife at the top of the food
chain exposed to the highest concentrations of POPs.

4. Cultural Impacts

The strong connections between the people and the land in the Arctic serves to
magnify the effects of ecosystem change on individuals, communities, and entire
cultures by threatening human health and cultural traditions.

4.1. HUMAN HEALTH

Human health is affected by economic development and contaminant exposure
in the Arctic through direct and indirect pathways. The most striking direct
impacts can be seen in the city of Norilsk, “the polluted place in Russia”, where
the average life expectancy for factory workers is 10 years lower than in the rest
of Russia due to the severe air pollution and occupational hazards associated
with the metallurgical complex (Walsh, 2003).

In other communities, where reliance on fat-based subsistence foods (such
as fish liver, and seal and whale blubber) can increase human exposures to these
harmful contaminants (Arctic Monitoring and Assessment Program, 2002). In
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into account acidification of overlying deposits, mainly carbon-containing
predatory species (e.g., seals and toothed whales), average daily intake rates of
POPs (toxaphene and chlordanes) exceed World Health Organization (WHO)
guidelines (Arctic Monitoring and Assessment Program, 2002; Van Oostdam
et al., 2005). Within the Arctic, the highest exposures to POPs occur in the Inuit
population of Greenland and Canada and in eastern Russia, where traditional
diets depend most heavily on marine mammals (Arctic Monitoring and Assess-
ment Program, 2002; Webster, 2004). In the Chukotka region of eastern Russia,
the levels of PCBs in males were 10,000 ng/g blood lipid, among the highest
ever reported anywhere in the world (Webster, 2004). There is also evidence
that this elevated exposure has resulted in neurological impairment in children
(Arctic Monitoring and Assessment Program, 2002).

4.2. CULTURAL HERITAGE

There are 40 minority groups identified in the Arctic (All Things Arctic, 1998),
all of which share a common tradition of strong ties to the land. Most Arctic
cultures are closely tied to local resources for food, clothing, and cultural
identity such that subsistence activities are the “cultural glue” that holds Arctic
communities together (Van Oostdam et al., 1999). As Suzy Erlich, an Inuit
woman said, “Our grocery store is millions of acres wide, not just a few thousand
feet, and it brings us pride” (Berger, 1985). Thus, the knowledge that local fauna
carry high burdens of contaminants that can be passed onto the people has been
a cause for alarm in many communities. Establishing a balance between cultural
preservation and human health effects is not easy. Traditional foods are an
important source of protein and essential minerals, and are associated with
lower obesity, diabetes, and heart disease than supermarket alternatives (Van
Oostdam et al., 2005).

Managing this delicate issue relies on the careful crafting of dietary advice
that encompasses all of the risks and benefits associated with a traditional diet.
Community involvement must be central to establishing dietary advice that
protects human health, and preserves cultural and spiritual heritage and identity.

Aside from the difficulties posed by contamination, coastal Arctic commu-
nities must also confront erosion and flooding associated with global climate
change. One village on an island in northwestern Alaska is no longer protected
by sea ice from enormous storm surges. In 2002, the villagers voted to relocate
to the mainland, leaving their ancestral homeland forever and becoming the first
refugees of global warming (Drapkin, 2006).
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5. Lessons Learned

5.1. THE ARCTIC AS A SOURCE OF LESSONS LEARNED

Although far removed from the historic centers of civilization, the Arctic has
experience confronting issues of environmental security across a vast territory
and diverse cultures. The Arctic experience includes threats from resource
extraction, air pollution, and global climate change.

The shared concerns among Arctic peoples with respect to environmental
and cultural preservation led first to the adoption of the Arctic Environmental
Protection Strategy (AEPS) in 1991 and the subsequent formation of the Arctic
Monitoring and Assessment Programme (AMAP) to implement this strategy.
Today, AMAP functions as a technical advisory group and database clearing-
house for heavy metal, POPs, and radioactive environmental assessments.
In 1996, the Arctic Council was formed by the eight Arctic countries and
numerous indigenous communities, to incorporate AEPS and other shared con-
cerns and challenges. One such concern has been global climate change, which
led to a comprehensive examination of the state of knowledge with respect to
the Arctic, known as the Arctic Climate Impact Assessment.

The nongovernmental Inuit Circumpolar Conference (ICC) also plays an
important role in preserving the culture and the environment of the 150,000
Inuit living in the USA, Canada, Greenland, and northeastern Russia. Its pri-
mary goals include “to ensure and further develop Inuit culture and society for
both the present and future generations; to seek full and active participation in
the political, economic, and social development in our homelands, and to deve-
lop and encourage long-term policies which safeguard the Arctic environment”
(Inuit Circumpolar Conference, 20006).

These frameworks and the projects that have been completed through them
serve as a model for other coalitions, such as transition countries, to mold co-
ordinated efforts for environmental security.

5.2. IMPORTANCE OF PARTNERSHIPS

The Arctic constituents of most countries, especially the USA, often feel side-
lined in the political process. Forging partnerships both within and beyond
national borders has strengthened the collective political clout of these com-
munities. While many governments and institutions view indigenous peoples as
“powerless victims of change”, the indigenous communities of the Arctic have
been surprisingly effective at shaping international environmental policy
(Downie and Fenge, 2003). Perhaps the best example of the effectiveness of this
approach is when circumarctic communities joined forces politically to combat
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transboundary air pollution. Both the ICC and the Arctic Council, as will as
numerous other indigenous groups were significant players in the Stockholm
Convention of 2001, which called for a ban of the 12 most harmful POPs
globally (Arctic Monitoring and Assessment Program, 2002).

John Buccini, who served as the chair of many intergovernmental bodies
working on the Stockholm agreement, noted important factors to the success
of translating science into policy: (1) sustained involvement of stakeholders,
(2) sustained publicity, (3) open and transparent communication throughout the
process, and (4) strong and reliable leadership (Buccini, 2003).

5.3. CONSULTING THE CONSTITUENTS

Decisions regarding environmental security directly impact people’s lives,
particularly in areas where their lives are closely tied to the land and sur-
rounding ecosystem. “Nobody is better equipped to warn of environmental
changes with potentially global impact than Indigenous peoples drawing first-
hand information and traditional knowledge handed down from generation to
generation by hunters and Elders” (Downie and Fenge, 2003). Oftentimes, the
local residents can be an invaluable source of ecological information in the
planning and execution of environmental monitoring and assessment program
(Ford and Martinez, 2000). In our experience, partnering with local elders helped
us identify study lakes and appropriate species to include in our monitoring
program. Local residents can also be an important source of quailtative
information about local ecosystems and changes they have observed through
time. For example, in the Arctic, subsistence fishing communities noticed that
the livers of burbot (Lota lota) had a different texture and taste than in the past.
This led researchers to investigate whether these observed changes reflected
high contaminant loads or changes in the burbot’s diet and/or overall health.
Employing local residents as field crew is also an important action to maximize
the efficiency of the field collection, increase the local understanding of the
project in the community, and foster greater trust of scientific research and
resultant management decisions.

In the Arctic experience, one of the areas where this is critical is consump-
tion advisories. Without detailed information about dietary habits, including
preparation techniques, such advisories can be completely inappropriate. In
Canada, the primary goal of the Northern Contaminants Program is “to reduce
and wherever possible eliminate contaminants in traditionally harvested foods,
while providing information that assists informed decision making by indivi-
duals and communities in their food use” (Muir et al., 2005). This illustrates the
role of science and governments to provide information and guidance without
imposing difficult decisions on local communities regarding health and culture.
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5.4. ESTABLISH A MONITORING PROGRAM EARLY

Interpretation of new data on contaminants and global climate change requires a
temporal and spatial context. In our experience with AMAP, the following con-
siderations are critical.

5.4.1. Statistical approach to site selection

If the goal of a monitoring program is characterize the level of contamination
over a broad area and to identify specific areas of concern, then it is important
to design the sampling protocol such that site selection is not biased by accessi-
bility or familiarity. For the US AMAP, we used the unstratified hexagonal grid
methodology developed by White et al. (1992). Within each hexagon, one
sampling location was selected at random, and located on the ground by global
positioning system (GPS). This provided excellent representation of the conta-
minant concentrations in vegetation across a large geographic area.

5.4.2. Collection of baseline data

Baseline data is absolutely necessary to determine the level of contamination
for naturally occurring heavy metals and polyaromatic hydrocarbons (PAHs).
This is especially important in areas such as the Arctic and transition countries
where minerals and fossil fuels are naturally abundant.

It is vitally important to collect data prior to economic development to com-
pare predevelopment and postdevelopment conditions. For many historic deve-
lopments, this was not done. For example, we do not have any data on the
levels of PAHs in local fauna prior to the development of the Prudhoe Bay oil
fields. Determining the effects of the development then, is limited to com-
parisons to other areas that hopefully (but not always) have sufficiently similar
geological, climatological, and ecological conditions. For this reason, the US
Fish and Wildlife Service has collected extensive background data for the
Arctic National Wildlife Refuge (ANWR), and oil-rich area under intense
national pressure for exploitation (Snyder-Conn and Lubinski, 1993). Lake
sediment cores are also very helpful in establishing a temporal baseline for
heavy metals and other contaminants. The time frame in which different layers
of sediment were deposited can be determined using radio-dating techniques
(Gubala et al., 1995), (Allen-Gil et al., 2003). This allows comparisons of
recent deposition with historical values, including preindustrial observations;
this is especially useful for heavy metals in areas naturally enriched in certain
metals.
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5.4.3. Identifying a common set of matrices

Establishing a common set of matrices (species and tissues) to be sampled is
often not a trivial task. In many cases, our knowledge of the life history and
physiology of species is limited, which adds variability and uncertainty in the
interpretation of data. Lichens are a good choice for atmospheric deposition, as
they receive all their nourishment from the atmosphere. However, lichens often
exhibit very patchy distribution, making large spatial-scale monitoring proble-
matic. Therefore, mosses may be a more appropriate choice for large-scale
assessments.

Other factors may come into play for fauna. The choice of candidate species
may depend on their distributions across the sampling area. But it may be
equally important to sample species with subsistence or commercial value. In
the Arctic, burbot are a highly prized fish among local residents, but are not
equally abundant in lakes and rivers. Thus, it was included in monitoring
efforts, despite the inability to develop a strong understanding of contamination
trends across a large spatial area from this data. Another consideration is
whether to sample the whole individual, or just certain tissues. If the goal is to
evaluate food web biomagnification, then it is important to sample whole
individual (or whatever is eaten by the predator). However, if the concern is
human consumption, then only the tissues consumed should be sampled
(usually muscle and or liver).

5.4.4. Establishing common field methodology

If different individuals are going to be collecting samples in different locations
or at different times, it is important to standardize field collection procedures.
For flora, it is important to decide exactly what parts of the plant will be
sampled, if adhered soil will be removed prior to sample transportation, and
how best to avoid contamination at the field site (from generators or other
equipment).

For fauna, it is important that procedures be consistent with respect to the
sampling gear as certain types of gear introduce inherent sampling bias. For
example, gill nets come in a variety of mesh sizes, and the choice of the mesh
size will affect the individuals caught. Electrofishing is an alternate sampling
strategy, which is very effective for small streams, but of limited value in larger
rivers.

5.4.5. Collecting as much ecological and physiological information as possible

One of the difficulties in environmental assessment work is that we rarely
understand the systems that we wish to evaluate well enough to avoid multiple
confounding factors. This can lead to either misinterpretation of the results, or
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the inability to develop any meaningful conclusions. For contaminant studies,
the most important confounding factors are age, sex, lipid content, reproductive
status, and trophic position and life history information. Fortunately, there are
established methods to collect most of this information. Age can be determined
by growth rings. In fish, otoliths (inner ear bone) provide a reliable series of
growth rings, particularly in temperate environments with seasonal changes in
growth patterns. Sex can be determined by examination of the gonads. Lipid
content can be determined in the laboratory by standard lipid extraction techni-
ques. Trophic (food web) position can be determined by nitrogen isotope analysis
(Kidd et al., 1998; Peterson, 1999). At each step of the food web, the lighter nitro-
gen isotope (‘*N) is preferentially excreted while "°N is incorporated into pro-
teins. Thus, the ratio of ’N/"*N increases predictably with each trophic level.

5.4.6. Establishing a common set of analytes

It is also very important to determine the endpoints of interest for chemical
analysis at the outset. For heavy metals, one must consider if information on
individual compounds is required, or if the total concentration of a given metal
will suffice. For many metals, most notably mercury, the chemical speciation is
critical in determining bioavailability. Inorganic mercury is not readily avai-
lable to almost all organisms, whereas organic mercury (methyl mercury) is
readily available and bioaccumulates in the food chain. Determination of metal
speciation usually significantly increases the cost of chemical analyses.

The same issue applies to POPs. DDT, for example, degrades readily in the
environment to several forms of dichlorodiphenyldichloroethylene (DDE)
and p,p-dichlorodiphenyl Dichloroethane DDD. If one is concerned about
total dichloro-diphenyl-trichloroethane (DDT), then it would be important to
measure all DDT derivatives. PCBs occur as over 200 individual compounds,
each of which has a different persistence in the environment and toxicity.
Measuring total PCBs alone does not provide much useful information from a
risk perspective; it is much better to have the concentrations of specific PCB
congeners identified.

It is increasingly important to expand the list of analytes to include “new
and emerging” contaminants of concern. For the Arctic, this includes polybro-
minated compounds (such as diphenyl ethers (PBDEs)), which are still increa-
sing in Arctic biota while “legacy” contaminants are decreasing.

5.5. NOTHING HAPPENS IN ISOLATION

Lastly, it is important to remember that environmental systems are astoundingly
complex, and that we cannot look at individual issues in isolation. Concen-
trating solely on local sources may ignore the role of long-range atmospheric
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transport. Focusing solely on individual contaminants ignores the important
interactions that occur between them with respect to toxicology. Addressing
pollution or global climate change as separate issues discounts the growing
evidence that climate change is likely to alter current patterns of distribution
and accumulation for contaminants (Arctic Monitoring and Assessment Program,
2003).

6. Conclusion

The Arctic is the proverbial “canary in the coal mine” in terms of global
ecosystems. As a significant source of the world’s fossil fuel and mineral
resources, it has undergone extensive local economic development. Its people
have among the highest levels of industrial compounds in their bodies. The
effects of global climate change are expected to be sooner and more severe in
the Arctic than almost any other location on our planet.

The communities and local governments in the Arctic have been very
effective in organizing, gathering scientific data, and lobbying for change.
Cooperation, focus, and determination have been key factors in their success.
The environmental security issues and the way Arctic communities have faced
these challenges provide an important model for other cultures, communities,
and governments facing similar pressures.

The irony is that, as the globe warms and the Arctic ice melts giving rise to
a new round of economic development opportunities (Arctic Council, 2004),
(Burakova, 2005), the communities of the Arctic will need to draw on their
recent experiences in addressing the complex environmental and social pro-
blems of development, contamination, and climate change just as much as any
other community, culture, nation, or region of the world.
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15. A PROCESS FOR FOCUSING CLEANUP ACTIONS
AT CONTAMINATED SITES: LESSONS LEARNED
FROM REMOTE NORTHERN SITES IN CANADA

STELLA M. SWANSON"
Golder Associates Ltd., Calgary, AB, Canada

Abstract: Contaminated sites in remote areas are challenging to assess and to
remediate because of practical difficulties with access, high cost, the general
lack of data on the natural environment or human populations in these areas,
and the lack of remediation techniques designed for cold climates, poor soils,
and slow-growing plants. Risk-based remediation at these sites must be care-
fully focused in order to manage costs and uncertainty, while truly achieving
risk reduction. The focusing process starts with identification of links between
contaminant sources, migration pathways, and the most highly exposed, sensi-
tive receptors. A qualitative risk-ranking exercise follows, which identifies the
most important sources and pathways that contribute to human health or
ecological risk. The qualitative analysis includes an evaluation of uncertainty
and the identification of any critical data gaps. However, data gaps are only
deemed to be critical if risk management decisions cannot be made without
additional information. In some cases, remediation can proceed at the end of the
qualitative risk analysis because there is sufficient confidence in the identi-
fication of sources and pathways that drive the risk. In other cases, quantitative
risk assessment is required in order to refine the understanding of how much
cleanup is required (and when the cleanup can stop). Key lessons learned about
risk-based cleanup at remote sites are: (1) start with the obvious sources of risk;
(2) do not forget nonchemical effects such as changes in water flow or water
level; (3) interact with government and community representatives as much as
possible; (4) learn about the site’s human and ecological characteristics from
local people; (5) realize that a cleanup decision can be made at any step in the
process; (6) cleanup actions should promote “self-healing” by initiating or enhan-
cing natural processes such as biological degradation and soil development; and
(7) remediated sites should require very little maintenance or monitoring.
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1. Introduction

There are hundreds of contaminated sites requiring cleanup in northern Canada,
ranging from former military bases to abandoned mines. These sites are usually
in very remote locations, with access by road only during a very limited winter
ice road season or with no road access at all (Figure 1). The sites may be within
towns or villages, but can be hundreds of kilometers away from the nearest
human settlement. However, even if the sites are far away from settlements,
they may still be within traditional hunting and fishing territories.

Figure 1. Abandoned mine tailings in Northern Canada.

Cleanup of remote, northern contaminated sites according to environmental
quality criteria or standards can be extremely difficult. In many cases, there are
no locations for placement of contaminated material for hundreds or thousands of
kilometers. The construction of a landfill, or the covering of contaminated sedi-
ments with clean material may cause more harm than the original contamination
if the material required for lining the landfill or covering the sediments has to be
obtained from new (and often widely scattered) borrow pits. There are no well-
established techniques for cold-climate remediation of contaminated soils, and
the science of revegetation using native subarctic or arctic plants is in its infancy.
Long-abandoned sites may have some natural revegetation occurring, which
would be destroyed if regulatory soil criteria are not met and soil has to be
removed (Figure 2). Given the length of time required for plants to become
reestablished in arctic or subarctic environments, destruction of a revegetated area
to meet conservative criteria may not be the best option.

The alternative to the use of environmental quality criteria or standards is to
develop risk-based cleanup options. The advantage of risk-based remediation is that
the cleanup action can be matched to the actual risk (Swanson and Gerein, 2006).
“Matching the effort with the risk” ensures that money and time spent at these sites
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truly results in a net reduction in risk. The risk assessment method also requires
active consultation with regulators and the public, thus ensuring that the site is left
in a state that meets government requirements and public expectations.

Figure 2. Natural revegetation occurring at a subarctic contaminated site.

Although risk-based remediation has clear advantages at these remote sites,
its use creates challenges because of the lack of data on either human uses of
resources or the characteristics of plant and animal communities in the vicinity
of the sites. In many cases, no scientist has ever been near the site, and there is
no information on key variables that drive the linkages between the sources of
contaminants and biota.

There is often some urgency attached to the cleanup of these remote sites,
creating even more challenges. With very little time, almost no data, difficult
(and very expensive) access, how is a credible risk-based remediation plan
possible? This paper provides some ideas for how to achieve an acceptable risk-
based cleanup when time and/or money are in short supply.

2. Getting Started: Scoping the Problem

2.1. WHAT IS KNOWN ABOUT THE SITE?

Relevant information about the site can be obtained from a wide variety of
sources. These sources include local, regional, and national government records
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of activities at the site, old aerial photographs, interviews with local residents or
former workers, and any published information in newspapers or magazines
(such as mining trade magazines). In addition, there may be data on soils,
groundwater, surface water, plants, or animals in the region, if not at the actual
site. Information on the site is then assembled to create a basic understanding of
the primary source—pathway—receptor linkages (Figure 3). This understanding
is required to conduct a risk assessment according to standard guidance, such as
that provided by the United States Environmental Protection Agency (USEPA)
(1998).

SOURCE

SITE WASTE
CHARACTERIZATION CHARACTERIZATION

IDENTIFICATION
OF

MECHANISMS
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» AQUATIC
* TERRESTRAL
o AN

Figure 3. Source—pathway-receptor linkages at contaminated sites.

The key information required to develop the source—pathway-receptor
understanding of the site is outlined below.

2.1.1. Source

1. The location of all contaminant sources; e.g., waste dumps, effluent
outfalls, underground storage tanks, aboveground storage tanks, pipelines,
drainage ditches, and sumps



2.

CLEAN-UP ACTIONS AT CONTAMINATED SITES 205

The nature of the contamination; i.e., the specific chemical or physical
stressors associated with the site, such as metals, acids, suspended solids,
pesticides, solvents, diesel, or gasoline

Other nonchemical effects of the site on the local or regional ecosystem; e.g.,
blockage or diversion of water flow, dust deposition, erosion, land
subsidence, and slumping of banks, physical hazards created by large
debris, abandoned buildings, or old wells and shafts

2.1.2. Pathway

1.
°

Air pathway
Dust generation and prevalence of dusty conditions
The presence of vapors (e.g., from old storage tanks or waste dumps)

The presence of any active air emissions (e.g., from incineration or
spontaneous combustion of materials at the site)

Groundwater pathway
The depth to groundwater

The nature of soil and rock overlying the groundwater (in order to evaluate
the hydraulic conductivity of these materials)

Groundwater flow direction

Surface water pathway

Identification of any streams, ponds, wetlands, or lakes on or adjacent to the
site

Stream flow (preferably seasonal data)

Lake or pond depth and surface area

Drainage patterns leading off the site

Sediment characteristics (texture, organic content)
Soil pathway

Soil texture and moisture content

Presence or absence of an organic, litter layer

Soil depth

2.1.3. Receptor

1.
2.

Current human use of the site

Potential or planned future human use of the site
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3. The location of important plant or wildlife habitat on or near the site
4. Plant and animal presence on or near the site

Not all of the above information will be available; however, some educated
guesses will usually be possible by taking advantage of information on regional
climate, geology, and biology. In addition, a great deal of information can be
obtained from local people, especially regarding the history of the area, past and
current presence of plant and animal life, and past and current human use of the
site (Golder, 1999) (Figure 4).

Figure 4. Interviewing native elders regarding locations of critical habitat for marine life.

If possible, a site visit should be conducted. The site visit can reveal many
key variables to the experienced team, such as evidence of past spills, surficial
geology, surface water drainage patterns, likely direction of groundwater flow,
and dominant plant species. Representatives of each key specialty should be
involved; i.e., soil scientists, hydrogeologists, and biologists. In our experience,
the time and money spent sending a qualified and experienced team to the site
has saved much more time and money later. For example, a site visit showed
that deep groundwater flow to a stream containing an endangered fish species
was not the key issue (as had been assumed); rather, shallow groundwater
contaminated by the site emerged as surface springs within 100 m of the site in
the middle of a cattle pasture (Golder, 1995). This finding greatly altered the
scope and nature of the risk assessment and the resulting mitigation.

Chemical contamination should not be the only focus for the investigation
of the site. Physical alterations to habitat caused by the past site activities or
current conditions can be equally or more important sources of stress to eco-
systems (and to human land use). For example, dams across streams may have
been constructed to divert water for use at the site. These dams may have
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altered or eliminated important fish habitat. Erosion and slumping of stream
banks caused by clearing of forest and riparian vegetation is another prime
cause of degradation of fish habitat. The building of access roads to a pre-
viously remote area may have been the largest source of stress to the envi-
ronment because the roads provided access to people and, thus, to greater
exploitation of fish, game, or marginal agricultural land.

2.2. IDENTIFYING THE KEY SOURCE-PATHWAY-RECEPTOR LINKAGES

We have found that a combination of knowledge about the site and professional
judgment can be used to identify the key source—pathway-receptor linkages
(Swanson and Gerien, 2006). Some linkages can be screened out based upon
the physical or chemical form of chemicals in the environment; e.g., if none of
the contaminants are volatile, then the vapur pathway can be eliminated. Other
linkages can be screened out because the pathway is not operable under site
conditions; e.g., leaching to groundwater is highly unlikely because of clay—silt
layers between the source of contamination and groundwater. Linkages to
certain ecological receptors can be eliminated if it is known that those plants or
animals do not live on or near the site. Linkages to humans can be eliminated
on the basis of resource use; e.g., people may not use the groundwater for
drinking water.

Key linkages can be shown using simple diagrams, where the most impor-
tant pathways are illustrated by the thickest arrows (Figure 5). Such diagrams
are useful communication tools during discussions with regulators. In parti-
cular, these diagrams help explain why the next steps in the assessment of risks
at the site is focused on specific pathways.

Release or Primary Secondary
transport residency residency Exposure Receptors
Source mechanism media media route P

Water Benthos
Overflow culvert, Lalfe )
surface and whitefish
Nero Lake — groundwater
Plankton — Ingestion

flow, wave action —» Suspended sediment

over/through land
Figure 5. Example of a source—pathway-receptor diagram with key linkages shown by the
thicker arrows.
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3. What are the Relative Risks from the Key Linkages?

It is usually possible to complete a qualitative risk analysis of the key linkages
using simple risk matrices that combine our understanding of the likelihood of
an event and the consequences of that event (Figure 6). Such matrices can be
used to identify the “risk scenarios” that would result in low, moderate, and
high risk. The focus for remediation and other risk management actions (e.g.,
restrictions on land use) would be those risk scenarios that receive a “high” risk
rank.

ENVIRONMENTAL CONSEQUENCE INDEX

FREQUENCY INDEX Negligible physical Short term local Medium term Long term regional Long term
or biological effects effects regional effects ecosystem effects

Likely to occur repeatedly

Likely to occur once

Unlikely to occur

Extremely unlikely to occur

ACTION LEGEND
Reduce Risk
Reduce Risk As Practical
Monitor Risk

Figure 6. Risk matrix.

Risk matrices should be completed in consultation with regulators and the
public. People with local knowledge of the areca will be able to contribute to
both the likelihood and consequence estimates because they may have observed
past events that affected human health or the ecosystem, or because they
worked at the site and are familiar with site conditions and sources of conta-
minants. Both regulators and the public should have input into the demarcation
between “low”, “moderate”, and “high” risk definitions. Participation in the
completion of the risk matrices is also an excellent opportunity to discuss
uncertainty and the methods for dealing with uncertainty. An open discussion
regarding when we know enough to make a decision helps defuse the common
criticism that we have not considered all of the “what if’s”. In other words, it
helps prevent uncertainty from becoming a reason for delay. It also helps
prevent unnecessary conservatism and the inappropriate application of the
precautionary principle.
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Examples of risk scenarios that may receive a “high” risk rank are:

e Seepage of acid drainage through sandy soil to a stream that flows through
the site and that contains sensitive fish species

e Tailings dam that is subject to breaching in a once in 25 years storm event
with downstream human uses that include agriculture and drinking of surface
water

e Corroding barrels containing pesticides located in an unlined landfill
immediately above the water table where the near-surface groundwater is
used for irrigation

All of the above examples include a likely release mechanism (e.g., seepage or
release because of corrosion), an active pathway (e.g., surface water flow), and
a sensitive receptor (e.g., humans drinking surface water). When both the
likelihood of a release and transport along a pathway and the consequences of
that release and transport are high, then the risk is high.

Examples of risk scenarios that may receive a “low” risk rank are:

o Low-volume spill to clay soil with no nearby surface water and deep ground-
water overlain with impervious material with no human use of the site and
only sporadic use by animals

o Localized sediment contamination with concentrations of chemicals that are
only marginally greater than environmental quality criteria and where the
sediments have a high contaminant binding capacity

e Minor habitat loss caused by very localized land clearing with good natural
revegetation potential

The examples of risk scenarios with a “low” risk rank have low volumes or
concentrations of chemicals or minor physical effects on habitat, very low poten-
tial for transport along pathways, and no or very little contact with receptors.

The most difficult risk scenarios to deal with are those that fall into the
“moderate” category. The demarcation between “low” and “moderate” or “mode-
rate” and “high” can be quite arbitrary, and is often affected the most by uncer-
tainty in our knowledge and by data gaps. Examples of risk scenarios with a
“moderate” risk rank are:

e Continuous, but low-volume seepage containing high concentrations of salts
and low concentrations of metals into a small stream that drains into a
wetland

e Periodic slumping of river banks along 5 km of the river resulting in sedi-
mentation; however, no critical fish spawning habitat in the area
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e Leaching of metals into groundwater used as drinking water by humans;
however, zone of increased metal concentration very small and does not
coincide with any known drinking water wells

The examples of “moderate” risk scenarios include situations where additional
knowledge could move the risk rank in either direction; thus, uncertainty plays
an important role. If we discover that the low-volume seepage with high salts
drains into a wetland with endangered species that cannot tolerate elevated
salts, the risk shifts to “high”. If historic information reveals that fish spawning
used to occur in the area of bank slumping, then it is likely that the slumping
and sedimentation have eliminated spawning habitat and the risk shifts to
“high”. If more data on groundwater shows that metal concentrations are all
less than drinking water guidelines, then the risk shifts to “low”.

4. Can Remediation Proceed?

The key question to ask at this point is “Are we sure enough about the risks to
make a decision?” In some cases, it is not necessary to proceed with any further
assessment of risk after key linkages have been identified and a qualitative
ranking of risks has been completed. This is because either (a) it is obvious that
there are significant chemical and/or physical stressors that are affecting
receptors on and/or near the site and uncertainty is low or (b) it is clear that
chemical and/or physical stressors are not present in significant quantities or
that they are not being transported to receptors and uncertainty is low. For
example, if the site is an acid-generating mine tailings area that is discharg-
ing directly to a receiving stream which has little dilution capacity and acid-
sensitive species, then remediation should proceed. Further risk assessment is
not necessary to demonstrate the need for mitigation of acid drainage because
we know a lot about the effects of acid on aquatic environments. If, however,
we are not sure about the actual extent of release and transport of chemicals,
or we are not sure that receptors would actually come into contact with the
chemicals, then additional data will increase our confidence in the decision to
either proceed with remediation or not.

The identification of critical data gaps must be in the context of the key
linkages and the relative risk matrix. As noted above, a discussion of uncer-
tainty and the likelihood that additional data would change the risk rank (and
thus the decision to remediate or not to remediate) should include regulators
and the public.

In some cases, uncertainty will be too great to support a confident decision
to proceed with remediation. Additional data collection and a quantitative risk
assessment will be required. Quantitative risk assessment goes beyond the risk
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matrix methodology and proceeds to the development of a risk estimate based
upon modeling and (if sufficient field data are available) a weight of evidence
regarding the current level of impacts from the contamination and physical
stressors at the site. Methods for quantitative risk assessment are widely avail-
able from sources such as the US EPA (1998) and Suter (2006) and will not be
described in detail here.

The quantitative risk assessment usually proceeds from screening-level
modeling using conservative assumptions (e.g., use of the maximum or 95th
percentile upper confidence limit of contaminant concentrations) (Suter, 2006).
If the screening-level modeling shows acceptable risks, then no further action is
required. If screening-level modeling shows risks above the acceptable thres-
hold, then further assessment proceeds until there is sufficient confidence in the
risk analysis to support remediation plans.

A full-scale quantitative risk assessment usually is not required at remote
contaminated sites unless the site is very large and complex. In most cases, con-
fident decisions regarding the nature and extent of remediation requirements
can be made using knowledge of key linkages, relative risks from those link-
ages, and extensive consultation with regulators and the public.

5. Take Advantage of Natural Processes in Order to Minimize
Long-Term Active Remediation Requirements

Remediation that requires extensive engineering works or long-term active
intervention often is not practical at remote contaminated sites. Furthermore,
engineered solutions at remote sites in cold climates have uncertain outcomes
because of the lack of long-term experience in such environments. The alter-
native is to take advantage of natural processes.

The natural processes that can contribute to the remediation of a site
include:

o Adsorption to organic materials such as peat

e Adsorption to fine particulates such as silts and clays

Uptake into wetland plants such as cattails with subsequent sequestration in
highly organic sediments composed of decaying plant material

Neutralization of acidic drainage through naturally occurring limestone
deposits

Bacterial and fungal degradation

Photodegradation

Filtering of particulates through sand deposits;
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o Settling of particulates in wetlands

e Soil development in the lee of large surface boulders or in depressions
downslope of natural seasonal surface water drainage areas

In many cases, these natural processes must be assisted with an initial
engineering effort. For example, to take advantage of the natural filtering and
adsorptive capacity of a wetland, site drainage may have to be diverted towards
the wetland. Acidic drainage may have to be collected and diverted through
limestone materials. Initial water clarification of ponds with high suspended
solids will be required before photodegradation can be effective. The objective
of the engineering effort should be to create a situation where natural processes
can take over, with little to no further intervention required.

An analysis of the net benefit of all remediation efforts should be conducted
prior to any active engineering works proceeding at the site (Swanson and
Gerein, 2006). For example, if a large volume of borrow material is required to
construct berms for diversion of surface water, the impact of obtaining the
borrow material on wildlife habitat must be balanced against the benefit of
water diversion. Caution is required to ensure that the site does not become an
“attractive nuisance”; i.e., a site that is now attractive to wildlife, but still
contains sufficient contamination to pose a risk via food chain uptake or direct
contact with soils or water. In some cases, measures to control or divert wildlife
movement may be required until it can be confirmed that contamination levels
and physical hazards no longer pose an unacceptable risk to wildlife. These
measures can include fencing and flagging that startles and repels animals. Such
measures have been required at northern Canadian mine sites to divert migrating
caribou away from tailings dams and waste rock piles.

An additional objective for the remediation design of remote contaminated
sites is to minimize the requirement for long-term monitoring. A monitoring
design that focuses on key indicators of the success (or failure) of the reme-
diation plan should be developed, with a clear definition of when it will be
acceptable to stop monitoring. This plan will require input from regulators and
the public. Public participation in the monitoring can be effective and econo-
mical, since local residents will be familiar with the site and can be trained to
perform the required sampling and observations. This avoids the expense and
practical difficulties of transporting people and equipment great distances to
conduct the monitoring program. It also provides direct feedback to local com-
munities via their own community members regarding the performance of the
remediation plan at the site.
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6. Summary

Risk-based remediation at remote contaminated sites offers a practical alter-
native to cleanup based upon conservative environmental quality criteria or
standards. Risk assessment at these sites should proceed through a series of
steps that provide focus and an understanding of the relative risks of key
source—pathway—receptor linkages. A check to see if a confident remediation
decision can be made should be performed at regular intervals within the
process.

Key lessons learned about risk-based cleanup at remote sites are: (1) start
with the obvious sources of risk; (2) do not forget nonchemical effects such as
changes in water flow or water level; (3) interact with government and commu-
nity representatives as much as possible; (4) learn about the site’s human and
ecological characteristics from local people; (5) realize that a cleanup decision
can be made at any step in the process; (6) cleanup actions should promote
“self-healing” by initiating or enhancing natural processes such as biological
degradation and soil development; and (7) remediated sites should require very
little maintenance or monitoring.
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Abstract: More and more evidence is being accumulated regarding the health
hazards from massive exposure to particulate matter, especially fine particles with a
very small diameter. Transboundary effects of air pollution, especially particulate
matter resulting from anthropogenic activities may result in negative impacts on the
fragile stability existing between Israel and its neighbors. The Arava Institute for
Environmental Studies (AIES) initiated a comprehensive study of PM2.5 to be
conducted jointly between AIES (Israel), The Jordan Society for Sustainable
Development (Jordan), and Al-Quds University (Palestinian Authority [PA]). It is
believed that the cooperation during the study and the direct and open flow of
information will bring about a clear, objective picture of the PM2.5 situation in
the area and will lead to the establishment and enforcement of appropriate
emission standards wherever required in the region. It is hoped that the study
will also play its role in contributing to lessening of the ongoing tension. This
paper analyzes the role that the environment has in bilateral agreements and
the interplay between bilateral relations and environmental problem solving.
Bilateral agreements are most often used to resolve a conflict, but the soft
approach of compliance relies on good relations between States. Joint environ-
mental projects offer a tool to move countries that do not have good relations
towards common ground, which may lead to effective bilateral agreements.
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1. Introduction

Environmental problems play a large role in the Israeli—Palestinian dispute. Yet,
their role in the peace process is minimal compared to major issues of dispute
such as political borders and the right of return (Brenner, 2001). Of all the
environmental issues, water has received the greatest attention in peace talks
over the years, and as a result is the most studied and has led to many joint
Palestinian and Israeli projects. That other environmental problems are ignored
is troublesome as without due recognition, they have the potential to become
irreversible and cause tremendous ecological and social harm (Brenner, 2001).
One of the main difficult issues concerning the Israeli-Arab conflict is the
question of whether there is a chance to separate, or decouple, the environ-
mental problems from the “big” overall sources of the dispute. Until now, we
can see that the conflict is mostly governed by political, ethnic, religious, and
economic subjects with only minimal contribution of environmental aspects
other than water. We know that cooperation is possible as other fields (most
notably, those with promising economic rewards such as communication) have
experienced successful partnerships (Brenner, 2001). How to successfully tackle
environmental problems in the region is still an ongoing debate. Suggested
solutions range from joint advisory boards to involving the “private sector and
the auspices of foreign stakeholders in each of the relevant projects” (Brenner,
2001). Both the Israeli peace agreement with Jordan (1994) and the Oslo
Accord with the Palestinian Authority (PA) (1995) contain specific paragraphs
related to water and environment emphasizing the importance of these subjects
in the integrated scheme of the agreements. Even though air quality issues are
considered less influential than water, still transboundary movement of air
pollutants play an important role in the interrelations between nations sharing
a common border. And in fact, this subject is clearly mentioned in both
agreements. Unfortunately, little has been done to counter the problem of
transboundary air pollution in the region, and to date, there is no environmental
agreement between Israel and the PA, and the environmental agreements
between Israel and Jordan are largely restricted to issues of agriculture.
Scientists and environmental advocates in the region recognize the need for
additional scientific studies to determine the sources and effects of pollution.
This paper will examine the role of bilateral environmental agreements (BEAs)
in North America and Eastern Europe within the context of cooperation and
compliance techniques. The paper then looks at how environmental issues have
been treated in bilateral agreements between Israel and the PA and Israel and
Jordan. We will highlight the development and implementation failures of these
components. We then review issues of transboundary air pollution and its health
risks, including an overview of the current PM2.5 research project. This section
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highlights some of the projects barriers and more importantly, the motivation
and goodwill behind the project’s continuation. We conclude with questions
about the feasibility of constructing strong transboundary environmental agree-
ments in a region ripe with political conflict.

2. Bilateral Environmental Agreements

BEAs date as far back as 1351 with a fisheries agreement between England and
Castile and now number around 1500 total agreements.' In the second half of
the 20th century, many states have found bilateral agreements to be a successful
tool in environmental problem solving, one that is simpler to implement than
multilateral environmental agreements merely because fewer parties means fewer
conflicts (British Columbia Guide to Watershed Planning, 2006; Downs and Jones,
2002; Zaelke et al., 2005). Yet, according to the International Environmental
Agreement Database, between Jordan, Israel, and the PA there is only one agree-
ment, the Agricultural Agreement Between The Government of Jordan And Israel
(1995). We looked at three BEAs — the Agreement Between the United States of
America and the United Mexican States on the Cooperation for the Protection and
Improvement of the Environment in the Border Area (the La Paz Agreement)
(1983); the Great Lakes Water Quality Agreement between the USA and Canada
(1987); and the Szentendre Agreement between Bosnia and Herzegovina (BiH)
and Srpska Republic (1998). While all three are different, they all lack common
standards and enforcement capabilities.

The La Paz Agreement provided a general framework for environmental
cooperation in the region, but was dependent on the adoption of later annexes
to provide specific action regarding environmental regulations, which has occur-
red (American University, 2006). The Great Lakes Water Quality Agreement
between Canada and the USA was created to control pollution and clean up the
Great Lakes. The agreement is overseen by the International Joint Commission,
which was established in 1909. Since 1972, the agreement was reviewed and
resigned one time (1978) and has had one additional protocol (1987) added.
The treaty works with both a water quality and science advisory board, which
oversee the monitoring of pollution to the lakes. More recently, the Memo-
randum of Understanding between Bosnia and Herzegovina and Republika
Srpska is an example of an environmental agreement in a region suffering from
violent conflict. This agreement follows only 3 years after the 1995 peace

"This information is based on the International Environmental Agreements Database, which
itself acknowledges difficulties in quantifying environmental bilateral agreements. Ronald B.
Mitchell, 2003, International Environmental Agreements Website. Available at: http://www.
uoregon.edu/~iea/accessed 19 July 2006.
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agreement between the two entities, and establishes an Environmental Steering
Commission to ensure a continuation of environmental regulations. Whatever
criticism there may be about these treaties, what exists is a continuation and
progression of the original treaties, suggesting some level commitment by both
parties. This is in stark contrast to Israel, the PA, and Jordan where only one
environmental agreement exits.

2.1. THE ENVIRONMENTAL COMPONENT IN THE AGREEMENTS
BETWEEN ISRAEL AND JORDAN AND ISRAEL
AND THE PALESTINIAN AUTHORITY

While Israel, Jordan, and the PA do not have any BEAs (with the exception of
Isracl-Jordan Agricultural Agreement), the two peace agreements between
Israel and the PA and Israel and Jordan contain environmental components:
Annex IV of the Treaty of Peace Between the State of Israel and the Hashemite
Kingdom of Jordan (1994) and Annex III of The Israeli—Palestinian Interim
Agreement on the West Bank and the Gaza Strip (The Oslo Peace Accords)
(1995).

Annex IV of the Treaty of Peace Between the State of Israel and the
Hashemite Kingdom of Jordan lists ten environmental subjects which are
further divided into four geographical areas (FOEME, 2006):

1. Protection of nature, natural resources, and biodiversity, including
cooperation in planning and management of adjacent protected areas along
the common border, and protection of endangered species and migratory
birds.

2. Air quality control, including general standards, criteria and all types of
man-made hazardous radiations, fumes, and gases.

3. Marine environment and coastal resources management.
Waste management including hazardous wastes.

Pest control including house flies and mosquitoes, and prevention of
diseases transferred by pests, such as malaria and leishmaniosis.

6. Abatement and control of pollution, contamination, and other manmade
hazards to the environment.

7. Desertification: combating desertification, exchange of information and
research knowledge, and the implementation of suitable technologies.

8. Public awareness and environmental education, encouraging the exchange
of knowledge, information, study materials, education programs and
training through public actions and awareness campaigns.
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9. Noise: reducing noise pollution through regulation, licensing, and enforce-
ment based on agreed standards.

10. Potential cooperation in case of natural disasters.

11. It is important to understand that the treaty does not include any steps to
carry out the above environmental component of the treaty, rather they
merely recognize the shared responsibility to the environment. This is very
similar to the Oslo Accords signed in 1995 by Israel and the PA (PLO at the
time of signing).

Article 12 of Annex III to the Oslo Accords is Environmental Protection. Here,
air pollution is mentioned three times: Articles 12(A1) and 12(B4) and once
again in Article 12(B5). Article 12(A1) lists air pollution as one of the environ-
mental issues that the two sides agree to address, while section B is “Cooperation
and Understandings”. Article 12(B4) states, “Each side shall act for the pro-
tection of the environment and the prevention of environmental risks, hazards
and nuisances including all kinds of soil, water and air pollution”, while Article
12(B5) goes further to state:

Both sides shall respectively adopt, apply and ensure compliance with
internationally recognized standards concerning the following: levels of
pollutants discharged through emissions and effluents; acceptable levels of
treatment of solid and liquid wastes, and agreed ways and means for dis-
posal of such wastes; the use, handling and transportation (in accordance
with the provisions of Article 38 (Transportation)) and storage of hazardous
substances and wastes (including pesticides, insecticides and herbicides);
and standards for the prevention and abatement of noise, odor, pests and
other nuisances, which may affect the other side.

This is the strongest language in this article as it calls for the adoption and
compliance with international standards. The remainder of the environmental
protection article is equally weak as it fails to outline any goals or requirements
of either side (aside for agreements on environmental impact statements).
However, no time lines were set, and little environmental progress between the
two sides was made. Where some success did occur as a result from this
agreement is with regard to water. Here, the treaty calls for the establishment of
the Joint Water Committee, which while highly criticized for its weakness, it
was in fact established, a clear sign that without clear stages and goals, little
progress will occur after the first signing.

It is true that little has come from the environmental components of the two
peace treaties, but it would be unwise to dismiss the significance of the
environmental components of the two agreements. That they were included
speaks to the recognition of transboundary environmental problems and the
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need for joint cooperation by scientists, something that exists in the three BEAs
mentioned above.

3. Air Quality

3.1. AIR QUALITY AS A TRANSBOUNDARY ISSUE

The Convention on Long-Range Transboundary Air Pollution (1979) defines
long-range transboundary air pollution as:

air pollution whose physical origin is situated wholly or in part within the
area under the national jurisdiction of one State and which has adverse
effects in the area under the jurisdiction of another State at such a distance
that it is not generally possible to distinguish the contribution of individual
emission sources or groups of sources. (UNECE, 2006)

The treaty’s origins lie in the United Nation’s Economic Commission of Europe
(UNECE), of which the USA and Canada are both members, concern regard-
ing sulfur emissions and the acidification of water bodies. However, it now
includes eight protocols, which address persistent organic pollutants (POPs),
heavy metals, volatile organic compounds, and nitrogen oxides. The main
topics of the convention are: air quality management, research and develop-
ment, exchange of information, implementation and further development of the
cooperative program for the monitoring and evaluation of the long-range
transmission of air pollutants in Europe; and the settlement of disputes. This
convention and its subsequent protocols reveal the change in understanding of
the impacts of air pollution on human health. While it was created to address
ecological problems (acid rain), we now understand the impact of air pollution
on human health and the need to address air pollution as a transboundary
pollutant in order to address issues of morbidity and mortality as a result of air
pollution. It is now well established that the air pollution’s biggest risk to
human health is with fine particulate matter, PM2.5 (Vallius, 2005).

3.2. FINE PARTICULATE MATTER

Particulate matter is the suspended solid and liquid particles in air (Vallius,
2005). Most often classified as either fine or course particles, particulate matter
is most often referred to as PM10 (course) and PM2.5 (fine). Fine particulate
matter, PM2.5, is particles with a diameter smaller than 2.5 um. The main
sources of PM2.5 are industrial and residential combustion; vehicle exhaust;
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particles resulting from the chemical transformation of combustion gases such
as sulfur dioxide and nitrogen oxides. PM2.5 impacts the respiratory and cardio-
vascular systems. Respiratory problems include chronic bronchitis, asthma attacks,
respiratory symptoms, decreased lung function, and airway inflamemation. Cardio-
vascular problems include heart attacks, cardiac arrhythmias, congestive heart
failure, and peripheral vascular and cerebrovascular disease.

3.3. THE RELATIVE IMPACT OF AIR QUALITY ON NATIONAL
WELFARE (ISRAEL)

In Israel, environmental problems have remained a low priority of the govern-
ment their severity and public awareness masked by the political situation. And
yet, air pollution poses a major hazard in Israel, claiming the lives of more
people than car accidents and the conflict itself. According to Israel’s Ministry
of Transport, in 2003, there were 486 road casualties, and in 2004 and 2005
there were 518 and 471, respectively (Ministry of Transport). The Israel
Defense Forces’ (IDF) own record on casualties from hostilities in Israel reveal
an average of 200 casualties per year since 2000 (figure includes both civilians
and security officials) (IDF, 2006). While these numbers sound high, an Israeli
air pollution study from 1995 to 1999, revealed higher numbers of mortality
and morbidity resulting from urban pollution.

In the mid-1990s, the Israel Union for Environmental Defense (IUED), the
Israel Ministry of Environment, and the United States Environmental Protection
Agency (US EPA) partnered (along with the Tel Aviv Municipality and the
Ashdod-Yavne Regional Association of Towns for Environmental Protection)
to conduct a study of the public health risks due to air pollution. Their study
revealed that air pollution is responsible for hundreds to thousands of deaths
and hospital visits in Tel Aviv an Ashdod each year. They also found that the
two pollutants most responsible were ozone and particulate matter. They were
able to estimate that PM2.5 was responsible for 900 additional deaths in 1997 in
Greater Tel Aviv and Ashdod (Israel Ministry of Environment et al., 2003).
While Israel has proposed adopting the USA PM2.5 standard of 15 pg/m’, all
sites exceed the standard (Israel Ministry of the Environment, 2005), and there is
no knowledge of sources and no indication as to how to regulate. Furthermore,
there is no detailed PM2.5 monitoring currently being conducted in the PA and
Jordan. This is what drives a study such as ours, so that the region can best
mitigate the effects of air pollution, determine the sources, and avoid conflict
from transboundary air pollution.
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4. The PM2.5 “MERC?” Project: Israel, Jordan, and the Palestinian
Authority

In 2005 The Arava Institute for Environmental Studies (AIES) launched an air
pollution project with two other research teams, one from Al-Quds University
in the PA and another from the Jordan Society for Sustainable Development in
Amman, Jordan.

The project has four goals:

e To conduct simultaneous monitoring of ambient PM2.5 in Israel, Jordan,
and PA

e To characterize the chemical composition of ambient PM2.5 and identify
sources

e To compare results from localities within the same airsheds with different
urban activities (e.g., Jerusalem vs. East Jerusalem, Aqaba vs. Eilat)

e To produce relevant recommendations for policy makers in order to reduce
harmful impacts.

and asks four key questions:

e What are the specific sources, components or PM attributes linked to
adverse effects?

e How do we know what sources to control to reduce public health risks?

e What is the association between ambient PM and actual personal exposure?
What about specific PM components?

e Who is susceptible and why?

There are 11 monitoring sites. In Israel: Tel Aviv, Haifa, West Jerusalem, and
Eilat. In the PA: Nablus, East Jerusalem, and Hebron. In Jordan: Amman,
Aqaba, Zarqa, and Rahma. Filters from the sites will be collected every 6 days,
and chemical analysis will be conducted in all four countries (Israel, Jordan, the
PA, and USA). This study is unique because it will be the first time that such
detailed PM sampling and analysis is conducted for such a long duration in this
region.

There are to be two outcomes of this study: first will be the elucidation of
PM2.5 composition, sources, and distribution; and second is capacity building
for advanced air quality or health effects research and analysis in Middle East.
In addition, at the project’s completion, we will be able to answer four questions:

1. What is the relative impact of regional sources and local sources of
particulate matter in these regions?
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2. What are the seasonal variations in sources and composition of PM in these
regions?

3. How does the composition and concentrations of PM2.5 compare across
sites? To PM2.5 in Europe and North America?

4. What are the sources of high particulate matter episodes in this region of
the world and what is the association of these particulate matter episodes
with other pollutants such as ozone and carbon monoxide?

In May, the project coordinated visits to all 11 sites and held a 2-day conference
in East Jerusalem. There is no doubt that the political situation complicates joint
research teams. Logistically, travel restrictions on Palestinians and Jordanians
can make simple communication between partners difficult. The potential for
travel restrictions and new political developments that can affect travel through
the region are difficult to predict, which can have impacts on a scientific study,
and in fact this occurred in May, preventing certain site visits and shortening
the 2-day conference. It is important for all parties to understand the emotional
toll that these problems can have on different partners. Clearly, the compli-
cations faced by scientific projects in this region must be considered in all
stages of project development.

5. Discussion

International agreements rely on goodwill for success. Few have within them
true mechanisms for compliance; that is, they lack punitive measures for
countries that fail to comply. Rather, diplomatic measures are used to entice
noncompliant countries to come back into the fold. The bilateral agreements of
Israel and the PA were constructed similarly to international law, and therefore
relied on the goodwill of the parties to fully comply with the agreements.
However, can international agreements be constructed using international norms
and theory of reputational consequences when reputation may not matter?
Noncompliance between Israel and the PA should not be viewed as a repu-
tational failure, but rather a likely consequence of a bad relationship. If the two
parties in a bilateral agreement lack goodwill from the outset, ambiguous
language will not forward the agenda. The one area that the Oslo Accords had
some (albeit minimal) success was with water. Here, the treaty outlined steps
for future activities, and, in fact, a joint water commission was created. One
component that bilateral agreements all have in common is the creation of a
joint scientific board. The importance of joint monitoring cannot be stressed
enough.

In a region of such volatility, the potential for conflict surrounding pollution
exists already. The need for joint research projects is two-fold: first, continued
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relations between different sectors is the best way to achieve political stability;
second, given the strained relations between the different parties, the potential
for bias or methodological tampering could undermine any project. The PM2.5
project is one such step in recognizing the need to address environmental pro-
blems regardless of the political situation, but also be acutely aware of the impacts
that politics can have on science.
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Abstract: This work intends to establish ecological rehabilitation, conservation,
and management measures for the Olt and Mures Rivers and their main
tributaries. These measures will be based on scientific ecological assessment
and monitoring of the structure of the river communities (benthic macro-
invertebrates and fish) and of the physical and chemical water parameters over
the last 6 years. The major categories of human impact on these rivers are
highlighted (water and sediment pollution; hydrotechnical works — dams; river
channels, marshes and floodplain drainages, cut of meanders, river banks
reshaping and embanking, tributary deviations; riverbed mineral exploitation;
and riverine land exploitation), and also their consequences on the rivers.
Specific ecological rehabilitation measures and optimum conservation measures
are described for these rivers.

Keywords: running water; ecological assessment; monitoring; rehabilitation and con-
servation; Olt River Watershed; Mures River Watershed; Romania

1. Introduction

The impetus for ecological assessment and rehabilitation has arisen from the
major concern of hydrobiologists over the declining quality of lotic systems as
complex resources, on the Romanian territory, an accentuated phenomenon
over the last seven decades (Antonescu, 1934, 1947; Banaduc, 1999, 2000,
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2001, 2005, 2006; Banarescu, 1964, 1969, 1994; Curtean 1999, 2004, 2005a, b;
Curtean-Banaduc, 2000, 2001, 2004, 2005; Curtean-Banaduc and Banaduc, 2001,
2004a, b, 2006; Curtean et al., 1999; Curtean-Banaduc et al., 2001).

In any historical period and in almost all geographic regions, water was a
priceless resource, but always was handled by people with divergent interests,
different methods, and with significant different spatial and temporal effects.
(Antipa, 1909; Antonescu, 1953; Bacescu, 1947; Bunn and Arthington, 2002;
Collier et al., 1996; Curtean-Banaduc and Ilie, 2001; Gore and Schields, 1995;
Moyle and Leidy, 1992).

The Mures and Olt are located mainly in the Romanian Carpathians arch, and
together with their tributaries, vary substantially along their courses in climate,
geology, relief, hydrology (Posea et al., 1983), and anthropogenic impact.

Although the macroinvertebrate communities and the fish communities may
have a high degree of natural variability, they can be useful indicators of aquatic
ecosystem status or health. Also, it is recommended that macroinvertebrates and
fish be given consideration in biological water-quality surveys of lotic systems
because they generally are discerned by the public to be ecologically relevant,
and they are in direct relation to legislative mandates because of human health
and endangered species concerns. Analyses of these taxonomic groups are
essential for establishment of lotic system management.

The dimensions of these rivers, and the number and dimensions of their
tributaries, their natural and historic economic importance, as well as the variable
and aggressive types of human impact, justify such a study for this specific
watershed area (Figure 1).

Early in time (prehistory), these river basins constituted a zone of local high
potential for human activities and therefore these rivers were used intensively.
Historically, important human impact on the river started in the 1200s (water
and sediment pollution; hydrotechnical works — dams; river channels, marshes
and floodplain drainage, cut of meanders, river banks reshaping and em-
banking, tributary deviations; riverbed mineral exploitation; riverine land
exploitation and both sewage waste and industrial pollutant discharges) and
continued for more than seven centuries until the present day.

Especially in the last five decades, human impact was heavily increased,
causing visible disruption in the ecological functioning of the rivers. Research
was needed to assess the observed ecological effects, to find new management
actions for the new situation and to predict some aspects of the evolution of the
future lotic system.

These two major river watersheds were in different degrees, in different
historical periods, under long-term human impact pressure that threatened their
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;

Figure 1. The Olt and Mures Rivers watersheds study unit location.

structure, functions, and capabilities to offer priceless services to the riverine
human communities. As a direct consequence of human impact, the river system
habitats have become in some sectors severely modified and/or degraded, aquatic
organisms contaminated with various pollutants and river and riverine biological
communities changed.

Although there is a considerable number of damaging practices and activities
affecting the Mures and Olt River basins resources, the potential for their
recovery is substantial, if an ecological rehabilitation strategy is implemented.
Past and present response actions, carried out or planned, do not or will not
sufficiently remedy the injury to natural resources without further integrated
actions.

The anthropogenic impact consequences on these two major Romanian
Carpathians river systems shaped the patterns for the needed local and regional
specific ecological rehabilitation measures and for the needed optimum con-
servation measures for these rivers.

Finding the causes of the degradation of the natural equilibrium and the
rehabilitation and conservation measures, finally highlighted the elements which
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should stay on the basis of the ecological management of this type of major
lotic system.

It is essential to take action at the right level in all human impact cases,
so that the sole considerations would not be only the short-term interest of
industry, urbanization, and agriculture. The governmental institutions with control
prerogatives must assume their attributions, blocking the wrong initiatives or
intentions or, if it is appropriate, to facilitate their emendation.

There is no doubt that this new data, regarding the knowledge and under-
standing of the status and conditions of the management of these watersheds
will continue to evolve.

This study is a synthesis based on previous 6 years river assessments of the
benthic macroinvertebrates, fish, habitat conditions, and of the human impact.
It identifies and evaluates the responsible causal factors and the alternatives,
which can gain consensus on a strategy for developing a sustainable river manage-
ment plan (with remedial objectives and response actions) for mitigating human
impact and the effects on environment, public health, and welfare.

2. Methods

The presence and the effects of human impact relative to a reference ecologi-
cal state was analyzed in terms of relative biologic integrity, biodiversity
indexes (Margalef, Shannon-Wiener, Simpson, equitability, Belgian Biotic
Index, Hilsenhoff Biotic Index, Carpathian Fish — Index of Biotic Integrity
(Banaduc and Curtean-Banaduc, 2002), based on a variety of benthic macro-
invertebrates [plecopterans, trichopterans, and ephemeropterans] and fish), and
on physical and chemical water parameters (temperature, pH, total hardness
(TH), dissolved oxygen (DO), biochemical oxygen demand (BODs), chemical
oxygen demand (COD-Mn), CI", SO,*, NO3, PO,”, total N, total P, Pb, Zn,
Cu, Cd, and Mn), which were used as ecological indicators of the state of the
river.

The 124 river sectors were chosen according to: (1) the valley morphology,
(2) the type of river substratum, (3) the confluence with the main tributaries,
(4) the relative undisturbed areas, and (5) to the human impact presence bias
(riverine land use, hydrotechnical works, urban and industrial pollution sources).

Generated data during this phase filled previously existing data gaps in
order to provide a comprehensive understanding upon which to evaluate
possible remedial alternatives for the human and ecological risk situations. The
biological monitoring was used to characterize the response of the aquatic
ecosystems to multiple disturbances, considering that the integrity of the biota
inhabiting the river ecosystems provides a direct and integrated measure of the
integrity or health of the river.
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In the end, with these offered alternatives, a specific case proposal is deve-
loped concerning natural resources restoration, conservation, and management
of the Olt and Mures Rivers.

3. Significant Contributors to River Disturbance

In examining the river biotic and abiotic characteristics, research has deter-
mined that primary contributors to the disturbance of natural conditions are
river water pollution, hydrotechnical works, and riverbed mineral over-
exploitation.

3.1. WATER POLLUTION IMPACT

3.1.1. Habitat, water as direct resource

A wide range of natural resources and natural resource services are affected or
potentially affected by the release of different pollutants.

Historically, these rivers received both sewage waste and industrial pollu-
tants for more than seven centuries; accidental and permanent release of
hazardous substances has at least in the last five decades, the anthropogenic
impact being in this period drastically higher.

The main sources of river contamination include inactive and active hazardous
waste disposal sites and technical installations, combined sewer overflows, sewage
effluent, and tributaries entering the rivers. The main released pollutants (organic
substances in different degrees of decomposition, phytosanitation products,
chemical zootechnics disinfectants, suspensions, nitrites, nitrates, detergents, oil
products, sodium chlorite products, organic solvents, synthetic resins, SO,, SO;,
NO,, CO, Cr, Pb, Zn, Cu, and Cd) are over the legal limit concentrations,
discharging accidentally and/or permanently from many important riverine
sources (steel, machines, textile, leather, wood, food, zootechnical, metallurgy,
ceramic, enamel, glass, building materials, silk, wool, glue, carbide, sulphur
acid, plastics, etc. industries) of some of the main localities.

It has to be highlighted that not all riverine main localities (especially the
smaller localities) have water treatment plants and sewage systems, not enough
sewage systems and/or deteriorated sewage systems; a lot of water treatment
plants work under the necessary standards; a lot of illegal waste deposits exist
on the river banks.

The quantity and concentration of the hazardous substances and the frequency
of the releases are sufficient to cause injury to natural resources (sediment,
water, biota), resulting in various long-term ecological effects in the Olt and
Mures rivers. The affected resources with their sundry ecological and human
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services (habitat, water as a direct resource, recreational activities, etc.) are
described further in the context of contamination impact.

The rivers provide habitat for macroinvertebrate and fish communities,
including feeding, breeding, and nursery services. Bioassessment using these
groups of organisms reveals that many sectors are considerably affected from
this point of view by the elevated hazardous substance concentrations, parti-
cularly damaging aquatic organism populations. Concerning the timescale,
important pollution levels were registered through the local biocoenosis reac-
tion starting around 1960 and the rivers have undergone a progressive loss of
biodiversity as a result of habitat degradation or loss.

These rivers represent the cheapest high-quality direct water resource in the
area only in their upper third part sectors. The significant modifications of the
analyzed invertebrate and fish associations reflect that, downstream of these
upper sectors, these rivers are no longer appropriate to be used as reliable and
cheap sources of water. Beginning with these hot spots, water pollution in these
rivers acts as a constraint on the economic and social development of the
downstream localities. The improved raw water quality for the water supply can
improve the local economy efficiency and public health standards.

Numerous sectors of these rivers, except their mountainous part, and their
environment are less appropriate to support both consumptive and non-
consumptive recreational activities such as recreational fishing, with no health
hazards coming from fish consumption, swimming, boating, and wildlife
viewing, activities with (for the moment) a theoretical high touristic potential in
the area.

3.2. HYDROTECHNICAL WORKS IMPACTS

Hydrotechnical works impacts include river channels, marshes and floodplain
drainages, cut of meanders, river bank reshaping and embanking, and tributary
deviations.

River water and sediments serve as media for the transport of energy and
nutrients, and as habitat for various aquatic biota. Both the services for transport
of energy and nutrients and as habitat were affected due to hydrotechnical
works impact.

The long-term negative impact is higher then the short- or medium-term
positive “economic” one, due to: (1) the economic overevaluation on a long
timescale of arable and grazing land, and the extensions of arable or grazing
land through elimination of wetlands which are considered “unprofitable land”;
(2) the wrong idea of unhealthiness (fog, mosquitoes) generally attached to
wetlands; and (3) the widely held opinion that wetlands are useless, owing to a
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lack of understanding concerning their complex role in maintaining fundamental
ecological balances and exchanges between terrestrial and aquatic ecosystems.

Historically, the first important human impact presence on these rivers was
due to the building and later industrial development and urbanization of main
localities on their banks. Many drainage works in the river floodplains, marshes
and, secondary channels and tributary deviations were initiated, to build and
develop towns starting especially in the 12th century. Today, these rivers, dra-
stically affected by such human activities, in both terms of biotope and bio-
coenosis modifications, pass through these anthropogenically affected sectors.

In the modern period, activities like cutting meanders, embanking of some
river sectors and some ponds and wetlands connected with the river drainage,
were promoted in order to ensure increased arable land surfaces.

The natural resources (sediment, water, biota) have been adversely affected
by construction and management of all these hydrotechnical works. These human
activities have had major negative consequences for aquatic biocoenosis, causing
the loss of many natural ecosystems, loss of biodiversity, as well as the dis-
turbance of the natural ecological balance within the aquatic and terrestrial
ecosystems.

Actually, the hydrotechnical works in the Olt and Mures river basins area
include major river banks reshaping and embankments, floodplain and marshes
drainages, and tributary deviations.

The river continuum, both in structure and function is also disturbed in the
present in numerous sectors by riverbed “cleaning” activities, realized by the
local administrations and Romanian Waters Administration, actions which
affect the assimilative and self-cleaning capabilities of the river biocoenosis,
and by the clear cutting of the trees and bushes which formed in the past a
continuous “functional green corridor” on the river banks. These ex-riverine
green corridors with no more buffer function are missing for long distances,
also (mainly) due to the arable land extensions in proximity to the river.

Dam construction and management (water abstraction and flow regulation)
modify the natural hydrologic regime of these rivers, and also cause riverbed
and channel modifications. These major disturbances induced on a spatial and
temporal scale an anthropogenic variability of habitats and associated biota,
more accentuated in the proximity of dams.

The variable rainfall pattern and the occurrence of sporadic droughts,
exacerbate the impact of water abstraction on instream and riparian habitats.
The resulting cessation of surface flow in a naturally perennial river during the
dry season and during droughts with loss of fast flowing instream habitats in the
main stem of the river had detrimental consequences for the associated biota.
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Habitat integrity changes are particularly severe for aquatic organisms (shrin-
king or destroying the spawning territory and the breeding success of the local
or valuable characteristic aquatic fauna) inducing biocoenosis changes.

Not only the major instream hydrotechnical constructions have important
influences on these river habitats and associated biota. For example, the small
concrete hydrotechnical works in the riverbed induced a decrease in the local
biotic integrity.

3.3. MINERAL RESOURCE OVEREXPLOITATION IMPACT

Environmental impacts also arise from gravel mining activity along these
rivers. Important riverbed rocks or boulders and sand exploitation started in the
12th century to supply construction materials to the building of the important
medieval city of the area. These activities have continued, and riverbed exploi-
tation activities have increased significantly in the last five decades.

Natural resources (sediment, water, biota) have been adversely affected by
mineral riverbed overexploitation. The exploitations increase banks and riverbed
erosion resulting in excessive downstream siltation and a decrease in water
quality.

If we consider that restoration of aquatic ecosystems can be defined as
“return of an ecosystem to a close approximation of its condition prior to
disturbance”, the term restoration meaning the reestablishment of predisturbed
aquatic functions and related physical, chemical, and biological characteristics,
a holistic process which is not the sum of simply creation or reallocation or
enhancement activities, it is obvious that this cannot be achieved through
isolated manipulation of individual existing elements.

It is necessary that ecological restoration be approached only under the
conditions of proper management of ecological integrity. Ecological integrity
includes a critical range of variability in biodiversity, ecological processes and
structures, regional and historical context, and sustainable cultural practices.

In terms of budgetary constraints, the single reasonable approach in the
short and medium term, is a sectoral one (including pollution, hydrotechnical
works, and riverbed mining overexploitation). This approach attempts to restore
these rivers to their ecological state from the middle of the 18th century. This
period is considered as appropriate because it was a time of aggressive human
impact. In addition, comparable data exist about this period due to the activity
of different societies for natural sciences in the area.

Integrated studies all over the world show that old hydrotechnical works
contribute to continuously increasing stresses on aquatic ecosystems. These
studies also show increasing financial efforts to exploit river resources and a
decreasing quality of human life for present and future generations. We must
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accept the need for amelioration to already-constructed dams, and consider
decommissioning some of them and also the river embankments.

Due to the present unsustainable mentality and “technical” education of the
decision makers, we will exclude here the radical but the most efficient actions
which are able to change the present situation. However, the potential for the
recovery of natural resource damages of these rivers is substantial even in the
actual technical administration “hostile” environment, if the minimum five ame-
lioration actions levels described in Section 4 are implemented.

4. Remedies for River Disturbances

Remedies are proposed for four main riverine disturbances, as detailed in
Sections 4.1-4.4.

4.1. WATER AND SEDIMENT POLLUTION REMEDIES

It is well known that there is a general lack of compliance with Romanian and
international regulations governing wastewater management. This, along with a
lack of adequate effluent dilution, appears to be the major cause of degradation
in these rivers. Action is needed when: (1) the rivers or river sectors do not have
an abundant supply of water for dilution; (2) the effluent treatment conditions
are not sufficient; (3) past and present response actions have not sufficiently
restored the injured river natural resources; and (4) there is actual or potential
continued release of hazardous substances. Actions could include:

e Unconditional respect of Romanian and international environmental laws by
everybody.

e Increasing water consumption efficiency through the use of general contour
meters and a reliable pipe transport system.

e Keeping hazardous waste sites inactive.

e Creation of a hazardous waste site evaluation unit. This unit should include
biologists to represent the interests of wildlife. This unit would be involved
in the process of identification and cleanup of inactive and active hazardous
waste sites.

e Developing a potential resource damage claim against the major polluters.

¢ Changing the inadequate physical and chemical standards used to characterize
and manage wastewater treatment in Romania to protect the downstream
environment in the vicinity below wastewater works.

o Countermeasures against accidental oil spills.
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e Ensuring the protected and semiprotected river sectors are large and dense
enough to allow the river self-cleaning capacity to be active enough to face
human impact pressure.

e Managing the healthy river biocoenosis as biological capital whose interest
is collected through reducing the expenses for water cleaning technologies.

4.2. HYDROTECHNICAL WORKS IMPACT REMEDIES

Remedies for impacts arising from hydrotechnical works include the following:

o Activities for restoring the river assimilative capacity, including land acqui-
sition and wetlands restoration.

e The dam management strategy must be based on the equitable allocation of
water resources. It must include the minimum water flow necessary for down-
stream users (domestic, industrial, agricultural, etc.), known as the servitude
discharge, as well as the minimum discharge required in downstream water-
course sectors, to provide the natural conditions for the existing aquatic
ecosystems, known as the sanitation discharge.

e Revitalization of the best traditions for land protection and use (ecological
systematization of riverbanks, protection of lands near the river channel).

o A strategy of “no net loss” of wetlands. As long as wetlands may legally be
destroyed, these impacts can be mitigated and compensated through resto-
ration, creation, or enhancement of other wetlands.

o Protect and restore sectors of typical local ecosystems.

4.3. RIVERBED MINERAL AND RIVERINE LAND EXPLOITATION REMEDIES

Remedies for impacts arising from exploitation of river land and the riverbed
include the following:

e Rational gravel mining activity, based on riverbed exploitation quantities
less than the annual riverbed regeneration rate, and filtering the used
industrial water for sand or gravel washing

e Determination of incentive policies for cultivation of multiyear cultures
(vineyards, orchards, forests)

e Rehabilitation of riverine forest corridors, with interdiction of arable land
extension within the minimum 10 m riverine corridor along the river banks

e Prohibiting access to the upper parts of catchment areas (limiting damage
from water erosion) so that spontaneous perennial vegetation could regenerate
in the best conditions
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e Rotating rational silviculture and grazing activities, having regard to sea-
sonal conditions, especially on the river banks

4.4. REMEDIES FOR PROTECTED SPECIES AND AREAS

Remedies for protected species and areas include the following:

e Protected habitats are needed which are sheltered from all human or man-
related aggression. These would make excellent observation areas and serve
as reference areas for monitoring and comparing to other more deteriorated
environments. The larger a protected area is, the better it could fulfill its
conservation function, to offer diverse habitats and enable species to live in
sufficient numbers to maintain healthy populations.

e A properly conceived protection plan is a useful aid to direct and indirect
economic development of rural communities.

e Complementarity should exist between local development and conservation,
a demonstration that could be achieved in the context of rational use of
wildlife.

¢ Protection of key, rare and/or endangered species.

5. Technical Aspects Related to Management Plan Implementation

The implementation of a management plan should be done with the parti-
cipation of associations, groups of farmers, nongovernmental organizations
(NGOs), and groups of specialists of different disciplines including those who
work for improvement of forests, pastures, improvement of practices for use of
terrain, control of erosion, etc. This would be facilitated by the creation of a
functional interdisciplinary professional watersheds council. The management
plan should include the criteria and indicators required for monitoring the
relevant structures of the ecosystem. This management plan should be reviewed
periodically in concordance with the EU Water Framework Directive.

6. Conclusions

The “argument” with which the local and/or national authorities will reject as
“impossible” the implementation of such an ecological rehabilitation will be the
lack of necessary funding. In fact, the basic problems are their incorrect under-
standing of the problem as a whole, their indecision and the fact that they did
not use sufficient or integrated professional advisory services.
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The situation of these rivers is, in general, a common one among Romanian
rivers. The Romanian specialists involved in water management are astonishingly
determined to follow the same wrong wetland management strategies which were
“successfully” collapsed or are changing in western countries. There are “good
examples” of destroying wetlands resources, overexploitation of Western
European, North American, and ex-communist countries, and destructive and
long-term unprofitable effects. There also are good examples, from the last two
decades, of the reshaping of the human—wetlands relationship (which includes
even the destroying of some dams and embankments!), in developed countries.
If our “specialists” have no capacity to learn from the mistakes and experiences
of others, claiming again and again false economic considerations, we will learn
on our own, but at our expense.

Based on the disappointing last 60 years of experience in Romania, it is
idealistic to think that ecological restoration of these rivers can be complete
especially in our lifetime even if this complex action will start now. The long-
term human impact effects, the decision makers “understanding” concerning
nature, and economic and social interrelations, will make ecological restoration
possible only in the actual European conditions of high standards and obser-
vance of regulations in both the environment and economic fields.
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18. WATER SUPPLY EMERGENCY FOR LAKE SEVAN
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Abstract: This paper presents results of research in the field of use of natural
materials such as zeolites (mordenite, clinoptilolite, or zeolite containing tufas)
as sorbents” and as promising materials for raising the water quality at Lake
Sevan in Armenia. The Lake Sevan ecosystem is increasingly in a nonequili-
brium state, and the water level of the lake dropped by approximately 19 m. At
the eutrophic biolevel, equilibrium was lost and organic matter began to
accumulate, entailing a positive balance of biogeochemical circulation. All this
brought enhanced autotrophic subsystem activity and a subsequent sharp
decline of water quality. The advantages of natural zeolites in comparison with
other sorbents, such as technological stability, low cost, availability, and filte-
ring properties are determined first for use in the Sevan region.

Keywords: Lake Sevan; eutrophication; natural zeolites; mordenite; clinoptilolite;
adsorbent; wastewater treatment; ammonia; organic pollutants (benzene, toluene, ethyl-
benzene, xylenes, phenol, aniline, and their derivatives; water-soluble oil products)

1. Introduction

The role of Lake Sevan was, and still is, very important in the national economy
of Armenia. The lake water is used for hydroelectric power generation and
agricultural land irrigation.

The Republic of Armenia is located in the South Caucasus. It is a highland
country, with about 90% of its territory situated at an elevation of over 1000 m

*To whom correspondence should be addressed. Gagik Torosyan, Chemical Technology & Environmental
Engineering, Department of State Engineering, University of Armenia, 105 Teryan, 375 009 Yerevan,
Republic of Armenia; e-mail: gtorosyan@seua.am or gagiktorosyan@seua.am
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and 40% over 2000 m above sea level (a.s.l.). Lake Sevan is in the central part
of the Republic of Armenia, in the Geghama mountain chain, and is one of the
highest freshwater lakes in the world, at an elevation of 1897 m a.s.l. It is the
main source of freshwater of the Transcaucasian region. Lake Sevan also plays
an important role in regulating water quantity in Armenia as well as in the
Transcaucasian water balance. The area of the lake is 4.89 km” or 16% of the
whole territory of Armenia.

Armenian water resources generally originate within its own territory and
add about 7.8 km® annually, which includes 4.7 km® of surface water and 3.1
km’® of groundwater. There are more than 300 rivers over 10 km in length and
9500 small drains up to 10 km long. About 30 small rivers and drains empty
into Lake Sevan, adding about 700 million (mlIn.) cubic meters per year to the
lake, with only the Razdan River draining from it.

Up until 1933, Lake Sevan contained 58.5 billion cubic meters of water or
80% of Armenia’s water resources. During the period 1933—1981, water of the
lake was intensively used in the agricultural and energy sectors (six hydropower
stations were constructed on the Razdan River) resulting in the lake level
dropping by 19 m, and reducing the volume of the lake by 25 billion cubic
meters (42%). The lowering of the lake water level started in 1933, but intense
water discharges and a drastic drop in the lake water level has occurred mainly
since 1949 when the annual discharge reached 1.000—1.700 million cubic
meters. In 1962, when the water level had dropped by 15.7 m, the “water
bloom” phenomena were observed in Lake Sevan.

2. Ecological Problems

The ecological balance of Lake Sevan was greatly disturbed and has led to
degradation of the whole ecosystem and changes in various processes (bio-
degradation, sedimentation, etc.). The Lake Sevan ecosystem is increasingly in a
nonequilibrium state now, and the changes currently taking place within a 2—-3-
year time frame, would have taken from 50 to 120 years before the water level of
the lake dropped by approximately 19 m. With this drop in water level, the
concentration of ammonia and organic pollutants began to increase in the lake.

At the eutrophic biolevel, equilibrium was lost and organic matter began to
accumulate, entailing a positive balance of biogeochemical circulation. All this
brought enhanced autotrophic subsystem activity and a subsequent sharp dec-
line of water quality.

The catchment basin influences the lake system mainly through river flow.
Twenty-eight rivers flow into Lake Sevan; of them, only 10 have permanent
flow. Since 1981, the waters of the Arpa River have been flowing into the lake.
Among large rivers, only the Gavaraget River flows into Minor Sevan. The
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total annual flow of tributaries to Lake Sevan amounts to 1.0165 million cubic
meters, which is 3% of the volume of the lake.

The main cause of the anthropogenic eutrophication of the lake is the
concurrent influence of two effects: the water level drop of 19 m, and the vast
quantities of biogenic material and toxic substances flowing into the lake.

The problem of removal of hydrocarbons from the Sevan basin is also an
urgent task. Many manufacturing processes form organic pollutants (benzene,
toluene, ethylbenzene, xylenes, phenol, aniline, and their derivatives), which
are toxic substances. Organic toxic substances are the main sources of anthro-
pogenic pollution and come from agriculture (stockbreeding, farming, mineral
fertilizers, poisonous chemicals), industry, and household sewage wastewater.

The intensification of economic activity in the Lake Sevan catchment basin
is the cause of essential changes in the hydrocarbon content of the rivers. The
amount of dissolved organic matter in the water has increased up to 3 mg/L; the
content of chlorides and sulfates has increased several fold; the concentration
of nitrogen nitrate and ammonia forms have increased ten-fold; the total
mineralization has grown from 130 to 190 mg/L. Noticeable changes took place
in the concentration of mineral nitrogen which is the consequence of mineral
fertilizers and stockbreeding development.

The most polluted rivers are: the Gavaraget, Masrik, Makenis, Argichi,
Vardenik, and Tsakkar; the Lichk River is the cleanest one.

Ammonia concentrations have been determined for Lake Sevan. The rivers
Gavaraget, Vardenik, and Masrik are most polluted with ammonia and heavy
metals; the cleanest one in this respect is the river Arpa.

The estimation of water quality compared to average values does not reflect
the alterations in the ecosystem of Lake Sevan during the process of eutro-
phication. The growth of the tropic level in many lakes of the world is
dependent on the increased load of organic elements, particularly nitrogen and
phosphorus, from the catchment basin. However, the cause of eutrophication of
Lake Sevan differs from those of other lakes of the world. Ecological changes
in Lake Sevan in the early 1990s determined its ecosystem and, caused per-
ceptible structural changes in fish symbioses (biological and population
indicators have changed).

Lake Sevan eutrophication is accompanied by profound structural changes
in phytoplankton. In response to the problem of eutrophication, the decision
was made to increase inflow to Lake Sevan from the neighboring Arpa River.
Since 1982, about 250 million cubic meters of water annually has been carried
through the 48 km long Arpa—Sevan tunnel. From 1982 until 1990, the lake
level increased by 1.2 m. A number of bioproduction, physical, biochemical,
and chemical processes had stabilized, resulting in significant decrease in the
levels of eutrophication. Since establishment of the National park in 1981,
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efforts have been made to preserve the huge water reservoir, in general add-
ressing proper organization of services at recreation areas and minimizing
pollution resulting from agricultural activity. Tree planting was also an impor-
tant step in that direction and the number of forest areas was increased.

3. Improvement of Water Quality

The communities and food, fish, and other factories are situated mainly along
the lake shore. Under above-mentioned conditions of water supply, wastewater
treatment in the Lake Sevan catchment basin should be effective after a
corresponding pretreatment of raw water from the rivers using a treatment
technology. This paper suggests a method of sorption treatment. For a sorption
process, the use of natural zeolite was proposed. The increasing demand for
ion-exchange materials to solve ecological problems stimulated the intensive
study of natural and modified zeolites because they are considered to be cheap
modified sorbents (Kallo, 1995). The technological stability of zeolites as sor-
bents is determined by such characteristics as mineral and chemical compo-
sition, sorption ability, mechanical and physical properties, and then filtering
properties (Breck, 1974).

Natural zeolites are used in the following fields of wastewater cleaning
(Collela, 1999):

1. Removal and recovery of NH,

2. Removal and storage of radionuclides
3. Removal and storage of heavy metals
4. Removal of organics

The advantages of zeolites in comparison with other sorbents are their reserves
in Armenia, a unique complex of technological properties (sorptional, molecular
sieving) their natural origin, possibilities of their modification in various ways,
and regeneration and utilization properties (Torosyan et al., 2002). The appli-
cation of the Armenian natural zeolites in the processes of water preparation
has been scientifically approved according to the all-round evaluation of
mechanical, physical, physicochemical, and technological properties of deve-
loped zeolites. It has been established that natural zeolites in combination with
other systems are necessary to remove metal ions from water. There are esta-
blished extraction processes for ions of iron, magnesium, calcium, zinc,
copper, nickel, cobalt, lead, and ammonium from water. The efficiency and
mechanism of sorption of these components from water, filtering parameters,
length of contact, liquid and solid phase ratios, and other factors are obtained.
The chemical stability and mechanical strength of natural Armenian zeolites
such as mordenite and clinopilolite meet the requirements of filtering materials.
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4. Technological Decision

The creation of a protective system is proposed at a confluence of river water
and Lake Sevan. It will consist of a primary treatment system, and also second-
dary treatment where protective walls filled with zeolite are established. Some
walls with forward pools are designed to create an opportunity for replacement
of a sorbent.

4.1. PRIMARY TREATMENT

This treatment involves settling clarifier pools, where organic materials settle
out and are pumped away, while oil floats to the top and is skimmed off.

4.2. SECONDARY TREATMENT

After primary treatment river water is subjected to secondary treatment. This
process includes adsorption of organic pollutants on sorbents. This treatment
uses zeolites in powder form (10-25 mm size) in the form of a bed.

Results of research are presented for the application of processed zeolites as
sorbents for ammonia, phenol, and other aromatics in wastewater for further
application in the Sevan basin. Mordenite, clinoptilolite, H-form of mordenite,
and clinoptilolite, modified by Catamine AB clinoptilolite have been used as
adsorbents. The linear dependence between the concentration of phenol in a
water solution and the appropriate molar refraction is preset at 20°C. The
measurements were carried out within concentration limits from 0.05 up to 0.3
mol/L. It was earlier established that the sorption within these limits increases
and has a linear dependence on the molar refraction. The amount of adsorbed
phenol is determined from graphic dependence. It is necessary to note that
partial sorption of water (1-2 mL from 10 mL of a solution after 4 h sorption of
a solution onto sorbents) takes place. A similar result was experienced with
aniline and BTEX (benzene, toluene, ethylbenzene, xylene).

The increasing demand for ion-exchange materials to address ecological
problems stimulated the intensive study of natural and modified zeolites because
they are considered to be cheap modified sorbents.

5. River Water Treatment of Ammonia by Zeolites

Wastewater is often dumped directly into rivers. This fact is the primary cause
of river water pollution in Lake Sevan. Various attempts are now being made
on a local scale to purify such river wastewater using simple methods. One of
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the methods is using natural zeolites for removing ammonia from wastewater
(Dyer, 1988; Lahav and Green, 1998).

At first the ability of mordenite to purify river wastewater is compared to
normal river gravel. The tested zeolite was superior to gravel in the oxidation of
ammonium ions through nitrite ions into nitrate ions. The decrease in the
amount of ammonium ions resulted not only in exchange with Ca*" mainly in
the zeolites, but also microbial oxidation on the surface of the zeolites (Table 1).
Thus, a long-term decrease in the amount of ammonium ions may be possible.
This observation suggests that mordenite seems to promote purification with the
help of microbial oxidation, with frequent exchange between Ca>" and NH," at
the zeolite surface.

TABLE 1. The adsorption of NH; [g] on the zeolites, 10 g

No. Zeolite 1 day 3days Sdays 7days 10 days
. Mordenite 10.38 10.51 10.62 10.70 10.76

2. Mordenite 10.86 11.02 11.15 11.22 11.38
Treated by 0.5 N CaCl,

3. Mordenite 11.14 11.71 12.13 12.46 12.98
Treated by 1 N CaCl,

4. Clinoptilolite modified 11.86 12.16 12.49 12.97 12.98
by Catamine AB

Higher ammonia sorption is also evident in material treated by ammonium
salt—-Catamine AB clinoptilolite.

6. Wastewater Treatment of Organic Impurities by Zeolites

In the present work, results of research are submitted as field solutions and
wastewater application to natural zeolites as sorbents for the removal of organic
substances from water.

Water polluted by hydrocarbons passes through a column filled with adsor-
bents. Hydrocarbons are taken from the water, remaining in the adsorption
column. The cleaned water leaves the column for direct use or further treatment.

The higher adsorptivity shows natural clinoptilolite modified by quaternary
ammonium salt at about 100% extraction of phenol from 0.01 M solutions, and
also rather high sorption activity of benzene, toluene, xylene from water
solutions from 40% up to 50%. The quantitative adsorption takes place in the
H-form natural mordenite.

The linear dependence between the concentration of phenol in a water solution
and the appropriate molar refraction is preset at 20°C. The measurements were
carried out within concentration limits from 0.05 up to 0.3 mol/L. It was earlier
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established that the sorption within these limits increases and has a linear
dependence on the molar refraction. The amount of adsorbed phenol is
determined from graphic dependence (Torosyan et al., 2000). The results are
given in Table 2. It is seen from the tables that with an increase in concentration
of the solutions, the amount of absorbed phenol is increased. Most active is
modifided clinoptilolite by Catamine AB — the mixture of dimethylbenzyl C,,—
C,5 alkyl ammonium chlorides. The H-form of mordenite shows activity where,
in all probability, the formation of hydrogen bonds takes place. The sorption
characteristics of water-soluble oil products are compared between different
samples of zeolites — zeolites tuff, treating zeolites, and modified zeolites.
Zeolites used were clinoptilolite containing tuff from the Idjevan deposits of
Armenia. They are modified by Catamine AB.

The content of oil products in water before and after the sorption was
estimated by gravimetric method, followed by a correction by liquid chroma-
tography. The results are presented in Tables 3 and 4.

TABLE 2. The sorption of phenol from a water solution on sorbents

Concentration Np2° Np2 after Np2 after Np2 after Np2 after
of phenol in initial sorption on sorption on  sorption on sorption on on
water solution clinoptilolite mordenite H-mordenite  clinoptilolite
(g phenol/g (g phenol/g (g phenol/g modified
sorption) sorption) sorption) (g phenol/g
sorption)
0.05 1.3324 1.3320/0.0236 - Full sorption  Full sorption
0.10 1.3328 1.3320/0.0470 - 1.3314/0.0752  Full sorption
0.15 1.3342 1.3325/0.0710  1.3338/0.0019 1.3322/0.0846  Full sorption
0.20 1.3355 1.3335/0.0940  1.3346/0.0047 1.3329/0.1034  Full sorption
0.30 1.3371 1.3350/0.1034  1.3361/0.0063 1.3345/0.1175 -

Temperature 20°C, duration 4 h

TABLE 3. Distribution coefficient of the oil products K, (mg/g) during the sorption on clinoptilolite

Sorbent K,/light organic® K,/heavy organic
Clinoptilolite-tuff 50 300
Clinoptilolite-treating 160 540
Clinopti lolite-modified 420 740

*Conditions ¢ = 2 days, concentration of oil product in water 70 mg/L
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TABLE 4. Sorption of the oil from water solutions on clinoptilolite

Sorbent Weight of sorpted oil Percentage of sorpted oil
product (mg)* product
Clinoptilolite-tuff 20 30
Clinoptilolite-treating 32 45
Clinoptilolite-modified 70 85

?0il product concentration in water 70 mg/L, 100 g sorbent, V water 1000 mL

Phenol and other aromatic sorption from water solutions has also been
investigated. Phenols and aromatics such as benzene, toluene, xylenes, and
others are discharged in open reservoirs, where they destroy the microflora and
have a negative effect on human health. The major way to diminish the dis-
charge of dissolved phenols is strong purification and reuse.

Methods are presented for successful sorption of phenols and other aromatics
from wastewater using natural and modified zeolites. The given method can be
applied at rather low initial concentrations of phenols and aromatics. The oil
product content in water before and after sorption was estimated by gravimetric
method, followed by a correction by liquid chromatography.

7. Experimental Materials and Methods

7.1. MATERIALS

Natural zeolite deposits of sedimentary origin are widespread in the Idjevan
(clinopilolite) and Shirak (mordenite) regions of Armenia. The natural zeolite —
clinoptilolite and mordenite — were dehydrated at 110°C.

In this study clinoptilolite and mordenite were prepared by the heated pile
method, using 0.5 and 1 N solution of CaCl,. Clinoptilolite modified by Catamine
AB was prepared according to Torosyan et al. (2000).

The ammonia adsorption by zeolites was estimated using the gravimetric
method (Table 1), and was also determined by IR spectroscopy. The sorption
data were plotted after sorption of ammonia vapor produced by a 1 N NH;
solution by natural zeolites and its treated forms for 10 days at room temperature.

Liquid chromatography is passed on higher-effective liquid chromatography
(HELCh), detector Waters 486, controller Warers 600S, Pump, Waters 626,
colon 250 x 4 mm?, Si-100 C 18, P 150 Bar, V 1 mL/m, mobile phase
acetonitryl-water (50:50), detector UV-254).

UV spectrometry is passed on UV-Specord spectrometer.
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7.2. WASTEWATER TREATMENT OF ORGANIC IMPURITIES
BY ZEOLITES

10 mL of a phenol in water solution were added to 1 g of sorbent. The mix was
carefully shaken for 4 h. Measurements of the molar refraction of the solution
were carried out before and after sorption. The difference in concentration in
the organic solution was the expected amount of adsorbed phenol. The results
were checked by liquid chromatography and UV spectrum data also.

The removal of organic substances is carried out as follows. Precisely
weighed portions of sorbents are added to certain volumes of organic sub-
stances in water, where initial concentrations vary. The mix is carefully shaken
for 6 h, and allowed to settle. The quantity of the adsorbed substance on the
zeolites is determined by the precipitated organic fraction in the filtered
solution, using UV spectroscopy, highly effective liquid chromatography and
refractometry analytical methods.

8. Conclusion

It is advantageous to continue the research in ammonia and organic pollutant
sorption using Armenian natural zeolites. This offers a convenient method for
the successful sorption of ammonia and organic pollutants from water. The
method can be applied to river water treatment processes.
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Abstract: Polluted groundwater in urban and industrial areas often represents a
continuous source of diffuse contamination of surface waters. However, the fate of
the infiltrating groundwater pollutants might be influenced by the sediment in
eutrophic water bodies since they might possess characteristic biological and
physicochemical properties influencing pollutant degradation. In a part of the
eutrophic river Zenne (Vilvoorde, Belgium) we studied the intrinsic capacity of river
sediment microbial communities to degrade chlorinated aliphatic hydrocarbons
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(CAHs). The CAH concentrations determined in groundwater sampled at
screenpoints and using piston sampler equipment indicate that the Zenne locally
drains groundwater polluted with vinyl chloride (VC) and cis-1,2-dichloro-
ethene (cis-DCE). To further monitor the CAH influx zone into the Zenne,
Teflon pore water samplers were installed at certain positions and at a depth of
20, 60, and 120 cm in the sediments of the Zenne. The CAH concentrations in
the interstitial water in the sediments will in the future be compared with CAH
concentrations in groundwater sampled from monitoring wells positioned 5 and
20 m away from the Zenne. Anaerobic microcosm tests with sediment material
from the Zenne showed a rapid microbial dehalogenation of both VC and cis-
DCE to nontoxic ethene (1 mg/L in 19 days). In congruence, chloroethene
degrading Dehalococcoides sp. were present in the sediment as shown by
detection of their 16S rRNA genes. Furthermore, the VC reductive dehalo-
genases, verA and bvcA, from respectively Dehalococcoides sp. strain VS
and BAV1 were detected in the river sediment by polymerase chain reaction
(PCR) analysis. Both Dehalococcoides sp. can grow on VC and cis-DCE as a
sole energy source and are probably responsible for the observed degradation of
these groundwater pollutants in the microcosms and in situ in the riverbed. Our
results indicate that the interface between groundwater and surface water
harbors a unique microbial community structure that changes with depth and
that is capable of degrading CAHs. However, at specific locations in the studied
test area with high groundwater influx rates, VC and cis-DCE seem to reach the
surface water and discharge into the river. At these locations, the observed
microbial degradation potential of the river sediment apparently is inadequate
to prevent the CAHs from reaching the surface water. Future research will
therefore focus on how to stimulate the degradation of the CAHs, both in the
river sediment and in the aquifer material upstream of the river Zenne.

Keywords: CAH degradation; chlorinated aliphatic hydrocarbons; monitoring; reductive
dehalogenation

1. Introduction

Although groundwater and surface water are usually evaluated as separate
water masses, they are connected by the groundwater or surface water transition
zone in an hydrologic continuum. Understanding contaminant fate and transport
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in this zone is important as many contaminated industrial, urban, and agricul-
tural sites are located within 1 km of a surface water body and more than 50%
of the contaminated sites have impacted surface water (EPA, 2000). In this
way, contaminated groundwater reaching surface waters such as rivers and
lakes is considered as an important source of continuous pollution of these
surface water bodies. However, the fate of the infiltrating groundwater pollutants
might be influenced by the sediment zone in eutrophic water bodies since such
sediments possess characteristic biological and physicochemical degradation
properties (Bretschko and Moser, 1993; Fraser and Williams, 1998; Naegeli and
Uehlinger, 1997; Push et al., 1998). Considering the generally high abundance
of bacteria in sediments and the high bacterial activity therein, these micro-
organisms could play a major role in the removal of both organic (Conant et al.,
2004) and inorganic contaminants (Feris et al., 2003; Seuntjens, 2002) from
groundwater. Knowledge on natural attenuation of passing pollutants and the
potential to stimulate and sustain occurring degradation processes in the
sediment zone are however scarce. This is especially due to the lack of appropriate
monitoring devices and tools to measure in situ mass balances of pollutants and
other reactants or products.

In the SEDBARCAH project, we investigate the boundaries of the sediment
zone as a barrier against the infiltration of chlorinated aliphatic hydrocarbons
(CAH) into surface water and how this zone can be diverted into a sustainable
and efficient (stimulated) biobarrier technology for protection of surface waters
from groundwater contamination. We (i) determine the role of the microbial
community present in sediments in the biodegradation of groundwater pollutants
infiltrating a riverbed; (ii) explore the boundary conditions and the possibility to
increase and sustain removal activities in the sediment zone; and (iii) select
tools to follow such removal activities in situ. Therefore, a thorough study both
in the field and in the laboratory of the physicochemical and microbial
processes occurring in these sediments is performed and coupled to the CAH
degradation potential present in the sediment interface of the Zenne (Vilvoorde,
Belgium) and the Bélad River (Pelhifimov, Czech Republic). The final goal of
SEDBARCAH is to define the potential of these (stimulated) sediment biobarriers
as a groundwater remediation technology and a surface water pollution and risk
prevention technology.

In this paper, the results from the Zenne site available until now are pre-
sented.
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2. Study of the Sediments of the River Zenne (Belgium) as a Biobarrier
Against the Discharge of CAH-Contaminated Groundwater
into an Eutrophic River

2.1. DETERMINATION OF THE CAH-INFLUX ZONES IN THE ZENNE
RIVERBED

In Vilvoorde (Belgium), a 1.2 km wide CAH groundwater plume, originating
from former industrial activities, extends downgradient of multiple source zones
to the river Zenne. Previous research indicated that perchloroethene (PCE), that
was spilled at the sources, is successively converted to trichloroethene (TCE),
dichloroethene (DCE), and mainly vinyl chloride (VC) in the aquifer while the
groundwater is flowing towards the Zenne.

To determine the zones where the highest CAH concentrations are reaching
the river, a screenpoint measurement campaign was organized. During this cam-
paign, temporary monitoring wells (screenpoints) were installed along the side of
the Zenne at a distance of ~5 m from the river and 125 m from each other. Water
samples were taken at a depth of 7 and 10 m below ground surface (bgs) at these
screenpoints and in selected monitoring wells. The obtained water samples were
analyzed, determining the concentration of CAH, ethene, and ethane in the lab-
oratory by respectively gas chromatography mass spectrometry (GC-MS) and gas
chromatography flame ionization detector (GC-FID) analyses.

Figure 1 represents the positions of the screenpoints and monitoring wells
along the Zenne that were sampled. Figure 2 indicates the measured concen-
tration of CAH and ethene in the obtained water samples.

-~ Zenne
' CAH plume
(DCE/VC)
\ Groundwater flow ©_
© Monitoring well
e Screenpoint

Figure 1. Site map showing the CAH groundwater plume that is discharging into the river Zenne.
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Figure 2. Representation of the measured VC, cis-DCE, and ethene concentrations in the water
sampled in the screenpoints (S) and monitoring wells (MW) in the Zenne area. The rectangle
indicates the selected 50 m long test field.

The results indicate that at a depth of 7 m bgs, mainly VC and to a smaller
extent DCE are flowing into the Zenne (Figure 2). The highest concentrations
of VC were measured in screenpoint 4 (154 pg/L), screenpoints 5 (677 pg/L),
and 6 (127 pg/L). Samples obtained at a depth of 10 m bgs contained next to
VC also a high concentration of DCE (Figure 2). These compounds were again
mainly found in screenpoints no. 5 (VC: 2212 ng/L; DCE: 150 pg/L), and 6
(VC: 743 ng/L; DCE: 0 pg/L). From these results we concluded that the VC
plume is mainly flowing into the Zenne in the area between screenpoints 5 and
6. To narrow the area of investigation, three new screenpoints were drilled
(screenpoints 5.1, 5.2, and 5.3, ~40 m apart and located between screenpoints
5 and 6). Based on the analysis results we selected a 50 m long test area in the
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river Zenne (containing screenpoints 5 and 5.1; see rectangle in Figure 2) at
which all further measurements and sampling were conducted.

Next to VC and DCE, also the degradation products ethene (Figure 2) and
ethane (data not shown) were detected. This indicates that complete degradation
of the groundwater pollutants VC and cis-DCE to their nontoxic end products
ethene and ethane is occurring in the aquifer material located at the edge of the
river Zenne. However, at some locations, this microbial reductive dechlori-
nation rate clearly does not suffice to prevent the groundwater pollutants from
infiltrating into the river.

To determine the locations where groundwater discharges into the surface
water and the respective CAH concentrations in the sediment at these locations, a
piston sampling of the riverbed sediment was performed in the selected test area,
stretching from “post 26” up to a location 50 m upstream of this post (Figure 3).
Every 5 m a sample was taken over a total length of 50 m and this at the right,
middle, and left side of the Zenne (Figure 3). For the obtained sediment cores, the
structure of the river core was described and subsamples were taken at depths of
~10, 50, and 100 c¢m in the core to determine the concentration of CAHs (by GC-
MS analysis), ethene, and ethane (by GC-FID analysis), pH, and redox potential.

Non polhuied goundwater
(@] ) O O O Len side
O O O O O O O O O, Owdaesie
TETET 0 0 © 0O O O O O ORgusie
|&wms.| I |h—p¢u'| |mm—|
Polhuted groundwater
#Sm 2m Im

Figure 3. Piston sampling at multiple locations in the streambed of the river Zenne.
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Apparently, the concentrations of the CAHs that are flowing into the Zenne
depend on the sampling place in the river. The spatial distribution of the con-
centration of VC is shown in Figure 4. At post 26, no VC is flowing into the
river. Analysis of the texture of the samples that were taken in this last area
indicated that they contain layers with very fine sand that could prevent the
infiltration of VC into the river. In the area from 15 to 45 m upstream of post
26, VC is flowing into the Zenne and the highest concentrations are detected
between 25 and 30 m upstream of this post (285 pg/kg dry weight [dw]). While
VC is detected throughout the studied Zenne area, cis-DCE is only present
between 30 and 40 m upstream of post 26 at a concentration of maximum 19
ng/kg dw (data not shown).

Depending on the position in the Zenne, the VC concentration at the top of
the piston samples (~10 cm beneath the surface water) is lower, equal, or higher
than in the middle and the bottom of the cores (Figure 4). However, at one
location a VC concentration of 285 ng/kg dw is detected in the top of the
sediment layer. This indicates that VC is discharging into the surface water of
the river Zenne. At other locations, e.g., closer to post 26, much lower VC
concentrations are present. The concentrations of ethene and ethane that are
detected (data not shown) indicate that full dechlorination of VC to ethene and
ethane is occurring, but apparently not efficiently enough to prevent VC from
flowing into the river.

vC
log (ng/kg)

Depth in
Sediment :

-10cm

| -50cm

. —100cm

Figure 4. Measured interpolated VC concentrations in the sampled sediment of the river Zenne at
the three sampling lines (right, middle, and left) and depths (10, 50, and 100 cm).
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It can be concluded that the groundwater discharge spatial distribution is
highly heterogeneous, mostly depending on local sediment permeability. At
some locations (e.g., at post 26) full dechlorination was observed, while VC and
cis-DCE reach the surface water and discharge into the river at spots with a
high-velocity groundwater influx.

To further monitor the zone of CAH influx into the Zenne, Teflon pore
water samplers were installed at certain positions and at depths of 20, 60, and
120 cm in the sediments of the Zenne. According to the results from the piston
sediment sampling, we installed these samplers upstream and at a distance of
40, 24.5, and 13.5 m from post 26 at the right side of the river (Figure 5).

—_
Depth 20 cmg, P °
Depth 60 cmg e oc—— . .
Depth 120 cme 5| @ ° Right side Zenne
40m @ 245m 13,5 m upstream post 26

32,5m

+/- 20 m from Zenne

S

Figure 5. Installation of Teflon pore water samplers (black dots) in the Zenne and monitoring
wells SB1 and SB2 at the side of the Zenne.

The Teflon pore water samplers were installed by attaching them to a “lost
point” with a string (see Figure 6). All three Teflon pore water samplers, attached
to Teflon tubing were then inserted into a steel tube that was hammered into the
Zenne river bottom to the desired depth. The pore water samplers were then
pulled to the right height. The steel tube was retracted from the river bottom.
The sediment then collapsed around the pore water samplers, immobilizing
them at the correct depths. Each Teflon pore water sampler can be sampled
via the Teflon tubing, connected to 100 mL sampling bottles that are each
connected by secondary tubings to a vacuum vessel. Pore water samples are
taken by exerting an underpressure to the vacuum vessel (see right picture of
Figure 6). Before detaching and closing each sample bottle, the volume in each
sample bottle was refreshed two times. The samples were analyzed for CAHs
and methane, ethane, and ethene.
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Figure 6. Installation of Teflon pore water samplers in the sediments of the Zenne to monitor the
interstitial water.

With these samplers interstitial water will be collected and the concentration
of CAHs will be determined. The concentration will then be compared with the
concentration of the groundwater obtained from a borehole that is positioned 5
and 20 m away from the Zenne (Figure 5). In this way we can determine which
amount of CAH is degraded in the aquifer and in the sediments.

2.2. DETERMINATION OF THE DEGRADATION POTENTIAL
OF THE EUTROPHIC RIVER SEDIMENT MICROBIAL COMMUNITY
BY ANAEROBIC DEGRADATION TESTS AND DETECTION OF 16S
RRNA AND CATABOLIC GENES OF DEHALOGENATING BACTERIA

To determine the degradation potential of the eutrophic river sediment micro-
bial community, anaerobic microcosms were constructed using sediment material
obtained from different positions in the interface of the CAH-polluted test area
of the river Zenne. The actual anaerobic degradation of VC by the eutrophic
river sediment microbial community was studied in anaerobic microcosms with
fresh Zenne sediment obtained from the top (5—-10 cm) or the bottom (100 cm)
of undisturbed sediment cores that were taken in the test area. Sediment
material (37.5 g) obtained from the right, middle, or left side of the Zenne was
suspended in 70 mL of an anaerobic medium to which 2 ppm of VC was added.
This was done with material collected at a location with high CAH con-
centrations (25 m upstream from post 26) and with material collected at a spot
with low CAH levels (post 26). The degradation of VC was followed as a
function of time by headspace GC-FID analysis. The results of these batch
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degradation tests (Figure 7) indicate that more than 1 ppm of VC was reduced
to nontoxic ethene and ethane in less than 19 days, both in the top and the

bottom river sediment microcosms.
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Figure 7. Anaerobic degradation of VC in batch degradation tests containing river sediment
material obtained at a depth of 10 (black line) or 100 (dotted line) cm depth at the right, middle,
and left side of the Zenne at a nonpolluted (post 26) and polluted (post 25) part of the Zenne.
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In addition, these high dechlorination rates were observed in all micro-
cosms, regardless of their sampling location (right, middle, or left side) for both
the CAH-polluted and nonpolluted place. When 2000 pg/L of VC was readded
to the microcosms (see arrow in Figure 7), it was again completely reduced to
ethene within 50 days.

The CAH degradation potential that was detected by the in sifu sampling
and batch degradation tests was sustained by the polymerase chain reaction
(PCR) detection of different genes that are involved in the degradation of CAHs
(Figure 8B-D). First of all, the 16S rRNA genes of Dehalococcoides sp.
(Loffler et al., 2000), a species that is often involved in the degradation of
CAHs, was detected in piston sediment samples obtained throughout the 50 m
long test area (Figure 8B). Quantitative PCR (Smits et al., 2004) however
indicated that these species were most abundant at the right side, where the
CAH plume flows into the Zenne, and in the top 10 cm of the sediments, where
the highest amounts of organic material are present (Figure 8B). Secondly, also
the catabolic genes verA (Miiller et al., 2004) (Figure 8C) and bvcA (Krajmalnik-
Brown et al., 2004) (Figure 8D) were detected which indicate that probably the
species Dehalococcoides strain VS and strain BAV1 are responsible for the
observed CAH-degradation in the Zenne sediments.
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gene copies /
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Figure 8. Measured interpolated VC concentrations (A) and detection and quantification of the
16S rRNA gene (B) and catabolic genes vcrA (C, black dots), and bvcA (D, black dots) of
dehalogenating bacteria in the sampled sediment of the river Zenne at the three sampling lines
(right, middle, and left) and depths (10, 50, and 100 cm).
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3. Conclusions

The hydrogeology of the groundwater or surface water transition zone strongly
influences the spatial and temporal distribution of both aerobic and anaerobic
microbial processes as well as the chemical form and concentration of nutrients,
trace metals, and contaminants in surface and groundwaters. Determining the
location and magnitude of contaminant discharges to surface waters from ground-
water plumes is a complex hydrogeological and biogeochemical problem.

By the sampling of groundwater in boreholes and screenpoints, the CAH
influx zone of a 1.2 km wide CAH plume into the Zenne was determined. It can
be concluded that the groundwater discharge spatial distribution is highly hetero-
geneous, mostly depending on local sediment permeability.

The sampling of interstitial water in Teflon pore water samplers installed in
the sediments of the Zenne, the performance of microcosm tests with sediments
of the Zenne, and the PCR detection of the 16S rRNA and catabolic genes of
dehalogenating bacteria, indicated that a high microbial CAH degradation
potential was detected in the river sediment of the Zenne in Belgium. By
degrading VC and cis-DCE, the sediments act as a natural biobarrier for the
CAHs present in the groundwater that is passing through the sediment zone,
hereby reducing the risk of surface water contamination.

However, some locations in the studied test area have high groundwater
influx rates. At these locations VC and cis-DCE most likely reach the surface
water and discharge into the river. At these locations, the observed microbial
degradation potential of the river sediment apparently is inadequate to prevent
the CAHs from reaching the surface water. Future research will therefore focus
on how to stimulate the degradation of the CAHs, both in the river sediment
and in the aquifer material upstream of the river Zenne.
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20. BULGARIAN NUCLEAR PLANTS’ STRATEGY
AND ENVIRONMENTAL SECURITY ON THE BALKANS
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Abstract: The Bulgarian energy sector covers at the moment ~45% of the total
energy deficit of the Balkan region. The policy of the Republic of Bulgaria in
the area of nuclear energy utilization, legislative, and regulatory framework,
and development of the regulatory basis for nuclear power plant (NPP) mana-
gement and for environmental protection, assessment, and verification of safety
are presented in this paper.

Keywords: energy demand; nuclear energy; regional environmental security

1. Introduction

The expected exponential growth in demand for energy services, in particular in
developing regions, and the global, regional, and local environmental impacts
resulting from the supply and use of energy will pose in the future the quest-
ion — How can we supply energy for the inhabitants of the Earth, sufficient to
meet every ones needs, without causing serious, irreversible damage to the
environment?

This is timely as we face the global challenges of addressing climate change,
providing a secure and reliable supply of energy and the depletion of oil. Fossil
fuels provide cheap and convenient sources of energy and no single solution
can replace them. But unless we change course, developing alternatives to fossil
fuel sources of energy and address how we use it, the next generations could
face dangerous climate change and major restrictions to their lifestyles and
economic development with the potential for conflicts over energy supplies. Our
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generation — rightly — will be blamed for knowingly squandering the planet’s
resources. The input for the change will be from leading scientists and
engineers representing a whole spectrum of possible energy solutions.

The future prospect of all forms of energy depends most critically today on
two factors: (1) environmental policies, especially with respect to greenhouse
gas emissions and (2) future commercial fossil fuel prices, mainly oil and gas.
Secure nuclear energy utilization is one of the modern, ecological, and real
opportunities to satisfy the growth in energy needs of developing areas, such as
the Balkans, and to export electricity to neighboring regions.

2. Regional Demand and Supply of Energy in the Balkans, Outlook
2003-2012

2.1. ELECTRICITY SUPPLY AND DEMAND IN THE BALKAN COUNTRIES

Four different kinds of countries at different stages of development and transi-
tion to market economics exist on the Balkan Peninsula: European Union (EU)
members (Greece); two accession countries in the EU (Bulgaria and Romania);
EU applicant countries (Turkey and Croatia); and others. The total population
in the region is 55.7 million and the average value of gross domestic product
(GDP) per capita is $1765 (Figure 1).

10€

$ 11,002

Figure 1. Average population (million) and value of GDP per capita (US dollars) of Southeast
European countries.
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Basic principles of the “Global scenarios of energy policy till 20507
investigation of the World Energy Council are:

o Accessibility — the extent to which people have access to modern energy

o Availability — the reliability and security of energy supply systems, once
access has been achieved

o Acceptability — the environmental sustainability of energy supply and use

All scenarios predict great economic development and, as a result, growth of
the regional GDP and power demand in the near future.

At the moment, total installed power capacity is about 49.5 gigawatts (GW).
A peak load increase of 2.2% per annum (p.a.) is expected for the period 2002—
2012, from 31.4 to 38.2 GW. Regional public utilities expect their electricity
demand only to grow at a rate of 2.3% p.a. for the period 2002-2012, from 171
to 214 terawatt hours (TWh), hence the region plans to add about 4.5 GW
through 2012 to meet demand. Expectations are that this tendency will continue
beyond 2012 (Figure 2).
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Figure 2. Forecast for total electricity consumption of the Balkan region for the period 2002—
2020 in TWh (Anastassov, 2006).

Rehabilitation of about 4000 megawatts (MW) of existing capacity would
be required to meet this demand. Without investments in new generation, the
region may require the rehabilitation of up to 6500 MW.
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2.2. NUCLEAR ENERGY PLACE

Today, nuclear energy is planned for use all over the world. The USA plans to
create 110 new units in nuclear power plants (NPPs) and five of them are
already licensed. Russia intends to build in total 100 nuclear units by 2030 — 40
on its territory and 60 abroad. The projects for new NPP exist also in Finland,
China, India, Iran, France, Czech Republic, Slovakia, Hungary, Turkey, Vietnam,
and Australia. One of the reasons is that expenditures for electrical output by
nuclear energy are lower than other energy sources (Figure 3) (Tarjanne and
Luostarinen, 2004).
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Figure 3. Electrical output expenditures without emissions trading: 1 — fuel expenditures, 2 —
expenditures for operation and maintenance, 3 — property expenditure.

According to the low scenario of the International Atomic Energy Agency
(IAEA), electricity generation by nuclear energy in 2030 will rise by 34%
compared with 2003. The highest scenario forecasts electricity generation by
nuclear energy for the same period to increase 86%. All scenarios forecast that
the largest increase of electricity production by nuclear energy for the same
period will be realized in the Far East and in Eastern Europe.

At the moment about 440 nuclear units are operating in 31 countries with
total installed electrical power of 365,560 megawatts electrical (MW.). Nuclear
energy forms 16% of the total electricity output in the world and 35% of the
total electricity output in Europe. At the end of 2004, 26 new nuclear units with
a total capacity of 21,276 MW, were in construction and 17 of them are in
China, Southern and Northern Korea, Japan, and India. The Balkan regional
primary energy balance is presented in Figure 4.
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Figure 4. Regional primary energy balance.

2.3. NUCLEAR SECURITY CULTURE

In 2001, IAEA identified security culture as one of the 12 principles underlying
fissile material security (IAEA, 2001). The IAEA provisionally defines nuclear
security culture as “that assembly of characteristics, attitudes and behaviours
in individuals, organizations and institutions, which support the objectives of
nuclear security and ensures that it receives the attention warranted by its
significance”. In July 2005, a series of amendments to the “Convention on the
Physical Protection of Nuclear Material” was approved elevating the status of
security culture to that of a treaty obligation. Yet, a common definition of this
concept has proven elusive. Unless the international community can reach a
common understanding of security culture, cross-national comparison and eva-
luation will prove difficult, if not impossible, and governments will find it
difficult to discharge their international obligations.

Ever changing environments impose new needs on the management of
NPPs. In order to achieve operational excellence and optimal safety under these
changing environments, the nuclear industry is adopting organizational learning
approaches. NPPs continuously undergo changes as dictated by the existing
political, social, economical, technological, regulatory, and other conditions
each time. Implementing these changes could potentially cause minor problems
that could lead to a chain reaction of events resulting in a deterioration of safety
and/or public trust in the safety standards.

An investigation of the European and Transport Forum on the European
citizens’ opinion about nuclear power (Eurobarometer, 2005) shows that:

e 60% of Europeans believe that nuclear energy gives opportunity for di-
versification of energy sources

e 61% of Europeans believe that nuclear energy helps decrease European
dependence on gas
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e 62% of Europeans agree that nuclear energy emits less CO, into the
atmosphere compared with coal and oil

3. Present Condition and Future Development of the Bulgarian Nuclear
Energy Sector

The Bulgarian energy sector currently covers approximately 45% of the cons-
tant deficit in the total energy balance of the Balkan region, and in the 2003 hot
dry summer, up to 100%. Since 1993, Bulgaria has become a net electricity
exporter and plays a key role in regional stability (Gramatikov, 2005).

Six units having a total electrical capacity of 3760 MW, have been installed
in the Kozloduy NPP (Table 1) (Gramatikov, 2002). During the last several
years, the first Bulgarian NPP “Kozloduy” has provided more than 44% of the
total electricity generation in the country. After disconnection of units 1 and 2
from the national grid, the percentage decreased to 40.6 in 2003.

TABLE 1. Installed nuclear capacities in Bulgaria

Unit Type Year of start-up

Kozloduy 1 VVER-440/230 1974 (stopped in 2003)
Kozloduy 2 VVER-440/230 1975 (stopped in 2003)
Kozloduy 3 VVER-440/230 1980

Kozloduy 4 VVER-440/230 1982

Kozloduy 5 VVER-1000 1988

Kozloduy 6 VVER-1000 1993

Belene 1 and 2 VVER-1000 Construction frozen in 1999

Bulgaria also agreed with the EU request to shut down units 3 and 4 as of 1
January 2007. The shutdown will result in no export of electricity for 2 years at
least. Therefore, the problem of the future existence and operation of the NPP
Kozloduy and creation of the second Bulgarian NPP in Belene is extremely
important not only for Bulgaria, but also for the entire Balkan region. Direct
losses to Bulgaria because of the prescheduled stop of the first four units of the
NPP “Kozloduy” are estimated at about €1.617 billion.

Possible scenarios for future development of the Bulgarian energy sector are
shown below (Figure 5):

1. Short-term low growth — energy saving, decentralized sources

2. Long-term low growth — renewable energy sources, energy efficiency
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Figure 5. Possible scenarios for future development of the Bulgarian energetics.

3. Long-term high growth — nuclear energy, coal clean technologies, energy
efficiency, new technologies, renewable sources

4. Short-term high growth — energy efficiency, research and development
(R&D) activities, coal technologies

4. Nuclear Environmental Security in Bulgaria

4.1. GENERAL SITUATION

Nuclear hazardous waste generated in Bulgaria in 2003 was 73% of that gene-
rated in 1999. The expenditure on protection and restoration of the environment
was 570 million Bulgarian Levs in 2003, which was 17% more than in 2002. The
relative share of the total expenditure on protection and restoration of the
environment was 1.7% of GDP in 2003 and it increased by 0.2 points compared
to the previous year (Catalogue of Statistical Publications, 2005).

The main areas with the highest relative share of expenditures in 2003 were:
protection of the water resources — 31.2% (25.9% in 2002), air protection — 22.8%
(17% in 2002), and detoxification of waste — 20.1% (23.8% in 2002). The
relative share for protection of soil and forests was respectively 3.2% and 1.8%
of the total expenditure in 2003. At the end of 2003, the tangible fixed assets
were 1133 million Levs (926 million Levs in 2002), an increase of about 30%.
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The Kozloduy NPP contributes also to the air purity on the Balkan Peninsula.
If the electricity generated by Kozloduy NPP for 1 year was produced by ther-
mal power plants, this would result in an additional emission of 27 million tons
of CO,, 1.2 million tons of SO,, 78 million tons of NO,, and about 52 t of dust
containing toxic mixtures and natural radionuclides.

In order to fulfill the obligations for preservation of the environment and
reduction of the emissions of CO,, SO,, NO,, and ash (Kyoto Protocol),
Bulgaria plans to continue to rely on nuclear energy and to develop it according
to the current requirements for nuclear safety, radiation protection, efficiency,
and reliability of operations. Nuclear safety in Bulgaria is evaluated according
to the EU’s policy document Agenda 2000 and Western European Nuclear
Regulator’s Association (WENRA) requirements.

4.2. INSTITUTIONAL FRAMEWORK IN THE FIELD OF NUCLEAR ENERGY
AND SAFETY IN BULGARIA

The Republic of Bulgaria is amongst the contracting parties that ratified the
Convention on Nuclear Safety (in force for Bulgaria since 24 October 1996).
With this Act the country confirmed the national policy for maintaining a high
level of nuclear safety, assurance of necessary transparency, and the application
of the highest standards.

With the enforcement of the new Act on Safe Use of Nuclear Energy (2002)
and the set of Regulations for applying it (in force since September 2002) the
regulatory basis is established for communicating to the public in the area of
safe use of nuclear energy. Further development of the regulatory basis in
the area is connected with the legislation of the EU as far as Bulgaria took the
obligation to incorporate the European Directives. The improvement of the
documents issued by international organizations like IAEA and WENRA is also
used as a basis for both updating the existing and development of new regu-
latory documents.

According to the old Act, the body with the executive power was a collec-
tive body known as the Committee on Use of Atomic Energy in Peaceful
Purposes. Included in the Committee were representatives of other bodies and
organizations, some of them having direct responsibilities for utilization of
nuclear energy and NPP operation.

In the new Act, the independence of the regulatory authority is supported by
the fact that the function of development support for nuclear energy utilization
is not included in its functions, as it was in the old Act. According to Article 4
of the new Act, the state regulation of the safe use of nuclear energy and
ionizing radiation and the safety of radioactive waste management and spent
fuel management is implemented by the Chairman of the Nuclear Regulatory
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Agency (NRA). In the Act the idea for independence of the regulatory authority
is systematically introduced in several areas:

e Political
¢ Financial
e Organizational

This represents a significant change in the status of the regulatory authority in
regard to the superseded old Act. The decree for approval regulates the transfer
of responsibilities, rights, and obligations from the former Committee on Use of
Atomic Energy in Peaceful Purposes to the new Agency.

The Organizational Statute of the Agency rules the total number of admi-
nistered staff, the functions of the administrative departments of the Agency
and appoints the chairman of the Agency as a primary administrator of budget
loans. In his work for fulfillment of the authorities under the Act, the NRA
Chairman is assisted by an administrative organization in the NRA. The admi-
nistration of the NRA is organized in one main directorate and four departments,
split into general and specialized administrations. The overall management of
the administration is performed by the Chief Secretary. The organizational and
managerial flow chart of the Agency is shown in Figure 6.

The deputies of the NRA shall be designated by a decision of the Council of
Ministers on a motion by the NRA Chairman. This is an additional element of
the independence of the regulatory body and gives the chairman a possibility
for recruitment of an effective team of well-qualified experts. The total number
of administered staff is 102, including 37 inspectors of safety on nuclear
facilities. Six of them are located permanently on Kozloduy NPP site. 95% of
the inspectors have a university degree and 60% of them have over 15 years
experience in the field of nuclear energy utilization.

As an independent regulatory body in the system of executive power, the
Chairman of NRA reports directly to the Chairman of the Council of Ministers
(the Prime Minister). In addition, the Chairman of the NRA informs the
National Assembly about the matters of nuclear safety and radiation protection
by participating at the sessions of the National Assembly and its commissions,
when it is appropriate. An important aspect of the political independence of the
regulatory body is the appointment of its Chairman for a 5-year mandate. This is
a guarantee for its independence against the specific composition of the Council
of Ministers, which appoints him and ensures continuity of the policy of the NRA.
The new Act sets specific requirements for the person who may be appointed as
NRA in regard to the education, experience in the nuclear field, etc.

The new Act creates conditions for financial independence of the regulatory
authority. In accordance with the Act, the Agency operations are financed by
the national budget and by income from the fees collected under the Act
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Figure 6. Organizational statute of the Nuclear Regulatory Agency (NRA).

provisions. The order of priority for expenditures of Agency financial resources
is the following:

e Financing of studies, analyses, and expertise connected with the assessment
of nuclear safety and radiation protection and financing of regulatory acti-
vities under the Act

e Capital expenditures on development of the Agency infrastructure
e Training and qualification of Agency staff
¢ Additional financial motivation of the Agency personnel

Figure 7 presents the increase of the regulatory authority budget for the last
several years.

The new Act mandates the establishment of the Advisory Council on Nuclear
Safety and the Advisory Council on Radiation Protection. The NRA Chairman
approves the composition of the Advisory Councils. Included in the Advisory
Councils are prominent scientists and experts in the field of nuclear energy and
ionizing radiation, radioactive waste management, and spent fuel management.
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Figure 7. The regulatory authority budget for 2000-2003.

The Advisory Councils shall assist the Chairman by giving expert advice on the
scientific aspects of nuclear safety and radiation protection.

The established regulatory system was highly evaluated by the IAEA
International Regulatory Review Team (IRRT) mission held in June 2003
(IRRT, 2003). It was also positively assessed in the conclusions of the peer
review, held in November 2003 by an expert team of Atomic Questions Group
of the European Commission (Peer Review on Nuclear Safety in Bulgaria,
2003). They found that all recommendations related to the regulatory regime in
Bulgaria were adequately addressed and no further monitoring on the regulatory
system of Bulgaria by the EC was necessary.

4.3. ORGANIZATION OF RADIATION PROTECTION AND RADIATION
MONITORING IN THE REPUBLIC OF BULGARIA

Article 37 states that doses from ionizing radiation to the personnel and the
population must be kept 4s Low As Reasonably Achievable (ALARA) prin-
ciple. The regulation for basic standards in radiation protection (BNRP-2000) is
based on international safety standards (IAEA, 1996) and EU Directive 96/29.

The gamma background in the 3 km zone around Kozloduy NPP is mea-
sured continuously with an automated system for external radiation control
(“Berthold”). The system has ten monitoring stations for measuring the gamma
background and the activity of "'I in the ground level of the atmosphere, five
water stations, and three meteorological stations. The radiation monitoring
system in Kozloduy NPP is integrated with a similar system of the Ministry of
Environment and Waters. Information is exchanged online.
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Radiological monitoring in the country is carried out according to a program
which is part of the National Automated System for Ecological Monitoring
(NASEM), which provides a network of surveillance points, periodicity of
sampling, and a suite of radiological indicators being monitored. Radioactive
contamination of the atmosphere, soils, surface waters, ground waters, and
other objects of the environment is being monitored.

Continuous surveillance of the equivalent dose rate across the territory of
the Republic of Bulgaria is carried out as part of the National Automated Sys-
tem for continuous monitoring of the gamma background. It consists of 26 local
monitoring stations, covering the whole country, and regional monitoring
stations in the regional inspectorates of Varna and Vratza, and a central moni-
toring station in the Executive agency of environment, where the centralized
database is kept. The information is gathered in real time and is transmitted to
the emergency center of the NRA and the national reaction center in the State
Agency for Civil Protection.

Radiological results from analyses of the main components of the envi-
ronment like air, water, soil, and vegetation, as well as foods typical for the
region of Kozloduy NPP, are within natural limits for the geographical latitude.
Measured concentrations are many times below legal norms and are comparable
to data from previous years and the period before the commissioning of the
plant, 1972-1974. As in previous years, in 2005 there was no registered devia-
tion in the radioecological parameters caused by the operation of the NPP. The
radiation situation in the 100 km zone around the plant is stable and favorable.
The policy for management of radioactive waste and spent nuclear fuel, infor-
mation for quantities and facilities for processing and storage are presented
circumstantially in the National Report on Joint Convention for safe manage-
ment of radioactive waste and spent nuclear fuel (Nuclear Regulatory Agency,
2003).

The disposal of toxic waste remains a major problem for EU countries. The
practice of burying the waste underground has long been found to be unsatis-
factory since the wastes can leach into ground water, resulting in a significant
pollution problem. Disposal of radioactive waste takes place in geological for-
mations, for which performance assessments are carried out.

On the Kozloduy NPP site a complex for treatment, processing and storage
of radioactive waste operates. The complex includes a line for supercompaction
of solid radioactive waste, a line for treatment and processing of liquid radio-
active waste, and interim storage for processed radioactive waste. Currently, the
activities on radioactive waste in Kozloduy NPP include collection, handling,
processing, and storage of liquid and solid radioactive waste on the plant site.
The gaseous radioactive substances, generated during operation of the nuclear
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facilities on the site are released into the environment after purification, as
permitted by the regulatory authority.

Financing of the radioactive waste management activities comes from the
Radioactive Waste Fund. The contributions to the Radioactive Waste Fund
are operational expenses of the nuclear facility operators and are included in the
price of electricity. After 2001, financing of all Kozloduy NPP activities in the
area of radioactive waste management is done with funds provided solely from
the Bulgarian country, with the exception of the projects financed by the I[AEA
programs for technical cooperation. Long-term prognoses show that the resources
available at the moment and estimated future payments to the fund will provide
the necessary financing of the activities for radioactive waste management for the
entire period of operation of the Kozloduy NPP.

The financial resources for conducting radioactive waste management are plan-
ned annually and in midterm (3-year) plans. Now the regulations for the amount of
the payments, collection, spending, and control of the money in the ‘“Decom-
missioning of nuclear facilities” and “Radioactive waste” funds have been
actualized. There is control over the expenses — financial resources are spent only
for reasonable purposes and according to the payments in the funds. At this
moment the Kozloduy NPP is depositing to the two funds around 18% of the
income from electricity sold, which is an exceptionally high percentage
compared with other operators. According to the evaluation of foreign experts,
the Bulgarian policy on this matter leads to a very high rate of accumulation of
resources in the funds, and the percentage of payments is higher than all
European countries.

4.4. EVALUATION OF THE SAFETY OF EXISTING NUCLEAR FACILITIES

All activities on the evaluation and justification of the safety of existing nuclear
facilities were carried out in accordance with the plans presented and keeping
in mind the requirements of the new Safe Use of Nuclear Energy Act’. In
compliance with these requirements, an evaluation and licensing of all the
operating units was carried out. Actualization of the existing safety analysis
reports (SARs) for units 5 and 6 is being done in parallel with the imple-
mentation of measures of the modernization program and will be completed in
the middle of 2006. The SAR being developed will include a completely
actualized list of postulated initiating events. It is being developed in accor-
dance with the requirements of the national regulatory basis, the applicable
Russian and American contemporary standards, as well as the IJAEA guidelines.

Regarding the probabilistic safety evaluation, at the moment the level 1
probabilistic safety assessment (PSA) for full power is being actualized,
including analysis of internal initiating events; analysis of flooding risks; and,
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fire hazards analysis. Another project concerning low power PSA development
is being carried out in the framework of the modernization program.

In the modernization process of units 5 and 6, each individual package of
documents for changes in the design is presented to the NRA to grant per-
mission for implementation together with the specific parts of the SAR con-
cerning the affected equipment, systems, and components.

In accordance with the aforementioned, preparation of the safety evaluation
is assured as an element of the whole design process by the designer of the
modernization program measure. In the process of reviewing these documents,
the operator is supported by an independent team of engineering consultants
and the NRA by Technical and Scientific Support Organizations (TSOs) experts
of West European regulatory bodies by a special program financed under
Poland and Hungary: assistance for restructuring their economies (PHARE) — a
preaccession program of the EU to assist the applicant countries of Central and
Eastern Europe.

The approach for carrying out the aforementioned activities, the individual
steps and the organization, including the intense dialog between the regulator
and the operator, were found adequate by a peer review of the EU Atomic
Question Group’. It was ascertained that all necessary conditions for com-
pletion of these activities within the planned deadlines are present and no
monitoring on the implementation is required by the EU.

5. Conclusions

The following basic conclusions could be made as a result of this work:

1. In the Kozloduy NPP the main issues are solved in accordance with
Bulgarian Legislation and international standards and the main goals are
achieved to assure nuclear safety and radiation protection.

2. The radiation impact of Kozloduy NPP on the atmosphere, water, soil, plant,
and animal world and protected territories, as well as the risk to the
environment and the health of the population in the controlled zone are
insignificant.

3. All recommendations related to the regulatory regime in Bulgaria were
adequately addressed and no further monitoring of the regulatory system of
Bulgaria by the EC is necessary.

4. There is no agreement on how the nuclear safety situation in the applicant
countries should be assessed in connection with the EU enlargement. There-
fore, operators and regulators of the applicant countries are now concerned
that the new planned assessments will be a heavy burden to them.



BULGARIAN NUCLEAR PLANTS AND ENVIRONMENT 277

5. Continuous interaction between researches and managers is important for
addressing issues related to nuclear safety and efficiency.

6. Nuclear energy can be used to ensure energy security, without compro-
mising environmental security.
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21. ROLE OF RENEWABLE ENERGY SOURCES IN ENHANCEMENT
OF ENVIRONMENTAL AND ENERGY SECURITY OF BELARUS
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Abstract: Interest in renewable energy sources (RESs) has been growing all
over the world in recent years. The market for alternative energy resources is
quickly growing in Western Europe and in Asia. The development of renew-
able energy is caused by two major factors, one of which is an environmental
requirement. Its importance increases from the legislative point of view and
from the conditions accepted by the Convention on Climate in December 1997.
The second requirement concerns energy production capacity. According to this
requirement the preference is given to production forms which can be created
and developed quickly. The development of RES in many cases is closely
connected with the maintenance of energy safety of the country, influencing its
sovereignty and independence.

Keywords: renewable energy sources; alternative energy; Belarus

1. Introduction

Energy safety problems in Belarus are mainly characterized by the fact that the
Republic must buy up to 85% of energy resources. The basic domestic direction
for maintaining energy safety includes a number of fundamental ways to
prevent threats, thereby reducing the probability of their occurrence and easing
the consequences. On the one hand, there are energy wasteful industrial and
household sectors in the country; on the other hand, there are essential energy-
saving reserves (including RES use), both in the energy and in other sectors of
the national economy. Nowadays, satisfaction of needs in fuel and energy
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resources (FERs) of Belarusian consumers, maintenance of efficient fuel—
energy balance structure of the country, and the quest for additional energy
sources became three of the main problems posed for the fuel and energy
complex in the Republic (see “The program of increase in the use of local fuel
types and alternative energy sources for 2003-2005 and up to 2010”). The
involvement of RES in the economic turnover serves as an energy-saving
component which is directed to realization of legal, organizational, scientific,
industrial, technical, and economic measures of effective utilization of energy
resources.

The Republic of Belarus does not have sufficient amount of its own FERs to
maintain national economy needs. National resources of available fossil fuel are
few and they are depleted practically up to 80-90%. The country imports about
84% of the consumed FERs. Obsolete capital assets in energy, industry,
agriculture, and habitation are used up to 70-90% (Rusan, 2005). Therefore, as
a result of low supply with its own energy sources (at a level of 15-18% from
the general need) the problems of energy safety are the major components of
the national and economic security for the country. The necessity for increasing
energy safety is mainly caused by the need to quickly solve this problem,
because, if the delivery of energy resources is restricted, the Republic can suffer
a loss from gross domestic product (GDP) underproduction to the sum of $400—
450 with the expectation of 1 ton of standard coal (TSC). It repeatedly exceeds
the cost of FER import from any existing or new suppliers according to world
prices. In case of emergency conditions in fuel systems or in the event of
switching-off the heat supply systems during the winter period, the size of
damage can be increased many times.

The most important branch of the economy in any developed country is
power engineering. The moving forces and trends of its development reflect the
processes of economical state and development of the country, geopolitical
situations, and historical prospects. Realization of the measures taken by the
government during 1995-2000 allowed a suspension in the decrease in
production in the Republic. By the end of 1996, positive dynamics of main
macroeconomic processes were achieved, year-to-year increases of GDP, and
consumer and industrial goods production was provided. Investment activity
has quickened. We succeeded in stabilizing the situation in the domestic
consumer market as well as financial enterprises. From 2001 to 2005 GDP grew
by more than 43%. In Europe, from 2000 to 2004 GDP increased on the
average 1.7% a year, in the USA 2.8%, in Japan 1.9%, in Belarus this parameter
reached 9.2% in 2005.

In 1990, the total FER gross consumption came to 54,965 million TSC, in
2000 it was only 34.5 million TSC, in 2005 (according to evaluation data) it
was 36.8 million TSC (Figure 1). The main reasons for the sharp decrease in
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energy resource consumption in Belarus during 1990-2000 was the decrease in
industrial production, structural changes in the energy sector of the national
economy, as well as tough governmental policy on every possible economy of
energy resources. At the same time, the composition of used fuel has been
changing. The consumption of heavy oil fuel (black fuel, mazut) is decreasing
and the consumption of imported Russian gas is increasing. The average price
of Russian gas is about $50 per 1000 m’ now (2006) and it is constantly
increasing, approaching the world level.

million
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Figure 1. Time history of fuel and energy resources (FER) in Belarus (according to the data given
by the Ministry of statistics of Belarus and national development energy programs).

In the long-term outlook the total FER gross consumption will grow.
According to the formal forecast, by the year 2020, the size of total con-
sumption will reach 43.1 million TSC, which is only 65-70% of the
consumption level that existed in 1990. In the future, the development of the
national economy of the Republic should be followed by an increase of the
efficiency of energy use, related to its consumption, development, and
transportation. During 2001-2005, the GDP power consumption in the Republic
decreased at a rate of 4.7-5.4% per year. In 2006-2010, average annual rates of
energy consumption decrease are projected to be higher — 5.1-5.9% per year,
and by 2020 they will decrease to 2.2-3.0% per year.

Nowadays problems facing power engineering specialists can be divided
into two parts: application of new technologies using fossil fuel and develop-
ment of alternative energy sources (wind and seasonal solar energy, biomass,
and wastes as local fuel).
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2. Analysis and Prospects of the Use of Alternative and Renewable
Energy Sources

2.1. GENERAL CHARACTERISTIC OF THE PROBLEM

According to natural, geographic, and meteorological conditions in Belarus,
alternative and renewable energy sources (RESs) can be the following:
firewood and wood waste products, water resources, wind-driven potential,
biogas from cattle-breeding wastes, solar energy, phytomass, solid domestic
wastes, plant growing wastes, and geothermal resources. There are several
reasons why these energy sources should be widely used in the Republic. First
of all, the work on the use of RESs will promote the development of our own
technologies and equipment which can be exported in the future. Secondly,
these sources, as a rule, are pollution free. This contributes to environmental
security of Belarus. Thirdly, the development of such sources will raise energy
safety of the state.

In order to cover the costs for the alternative energy sources, special
attention should be paid to technical approaches using equipment produced in
the Republic and with maximal use of local materials.

2.2. FIREWOOD AND WOOD WASTE PRODUCTS

The Republic of Belarus has huge forest resources. The total area of the forest
resources on 1 January 2001 was 9,248,000 ha, forest timber inventory — 1340
million cubic meters. Annual basic increase is 32.37 million cubic meters. A
systematical and stable growth of forest resources can be predicted (up to 1.8
times in 2020) if a simultaneous improvement of age and stock forest structure
takes place (Tarasenko, 2005).

The centralized logging and firewood preparation in Belarus is carried out
by enterprises of the Ministry of Forestry and by the Belarussian concern of
wood—paper Industry. In 2003, the annual volume of firewood, sawing, and
woodworking waste utilization as boiler stove fuel was 1.4 million TSC (Table 1)
(Tarasenko and Poznyak, 2005). At present firewood fuel consumption for
production of electric and heat energy by energy generative settings does not
exceed 600,000 TSC per year.
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TABLE 1. Economically expedient potential of use of fire wood and wood waste products for
heat and electric energy production

Year Firewood Wood waste Total (million
million million products(million TSC) TSC)
cubic TSC
meter

2003 4.18 1.11 0.28 1.39
2004 4.51 1.20 0.29 1.49
2005 5.36 1.43 0.31 1.74
2006 6.30 1.68 0.32 2.00
2007 7.29 1.94 0.33 2.27
2008 8.08 2.15 0.35 2.50
2009 8.95 2.38 0.36 2.74
2010 9.40 2.50 0.37 2.87
2011 9.88 2.63 0.39 3.02
2012 10.15 2.70 0.40 3.10

The potential of the Republic to use wood as a fuel is estimated to be 3.5—
3.7 million TSC per year, which is 2.5 times higher than in 2003. It should be
pointed out that all regions of Belarus own firewood recourses. On the whole in
the Republic, the annual volume of firewood, sawing, and woodworking wastes
utilization was about 1.0-1.1 million TSC. A part of the firewood goes to the
population via self-stocking which is estimated at 0.3—0.4 million TSC.

Limited opportunities for Belarus to use wood as a fuel can be defined from
the natural annual firewood increase. It is estimated at 25 million cubic meters
or 6.6 million TSC per year including that for the contaminated areas of the
Gomel region — 20,000 m® or 5300 TSC.

In order to use wood as a fuel in these regions it is necessary to work out
and to apply new technologies and equipment for gasification and parallel
decontamination. According to the planned double growth of firewood storage
by 2015 and taking into account volume increases of wood waste products,
sawing wastes and firewood processing, in 2005 the annual volume of firewood
increased up to 1.6 million TSC.

International Sakharov Environmental University (ISEU) together with the
Austrian firm KOB developed a project on installation on the territory of
Educational and Research Station Volma, Dzerzhinsk region, in 2006 of two
modern heat-and-power engineering stations which will use raw wood bio-
material. Heat-and-power engineering station PYROT with the capacity of
250 kW (ground firewood) is shown in Figure 2 (on the right side);
PYROMAT ECO with the capacity of 80 kW (firewood) is shown in Figure 2
(on the left side).
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Figure 2. Overview of heat -and-power engineering stations, KOB firm.

Along with the use of wood waste products for heating purposes, it is
worthwhile to provide economically grounded involvement of wood waste
products of hydrolytic factories (lignine) into the fuel balance of the Republic.
In the city of Rechitsa, Gomel region, a new industrial station using lignine has
been put into operation. Lignine resources are about 1 million TSC per year,
and an expedient volume of use is estimated to be 50,000 TSC per year. To
solve the problem we need investment support, an application of the system of
fixed prices, and a normative legal base modernization specified on tax pre-
ferences for enterprises producing electric and thermal energy from firewood.

2.3. WATER POWER RESOURCES

Installed capacity of 20 hydroelectric power stations (HPSs) in Belarus was
10.9 MW on 1 January 2004. Due to water power resources about 28 million
kWh of energy is produced annually. It is equivalent to the replacement of
imported fuel at the rate of 7900 TSC. The potential capacity of all water
channels in Belarus is 850 MW including technically accessible (520 MW) and
economically expedient (250 MW) capacities (Tarasenko and Poznyak, 2005).

The main directions of the development of small hydropower engineering
in Belarus are the following: construction of new HPS, reconstruction, and
restoration of existing HPS. The unit capacity of each hydropower unit will be
in the range of 50-5000 kW (Table 2), and the preference in that case will be
given to quick mounted hydropower units of the capsular type.
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TABLE 2. Real and predicted volumes of the use of water and power resources for electric
energy production

Years Input Total installed Increase of Power Total
capacity HPS capacity replacement generation replacement
MW) MW) volume (000 (million kWh volume
TSC per year) per year) (000 TSC)
2005 0.76 11.94 0.97 349 9.77
2006 0.55 12.49 0.70 37.4 10.47
2007 18.37 30.86 23.50 121.3 33.97
2008 233 54.16 29.80 227.8 63.77
2009 20.8 74.96 26.60 322.8 90.37
2010 15.0 89.96 19.20 391.3 109.57
2011 0.29 90.25 0.40 392.8 109.97
2012 5.5 95.75 7.00 417.8 116.97

Having the capacity of hydropower units from 50 to 150 kW it is possible
to use asynchronous generators as the simplest and most reliable units in
operation. As a rule, all restored and newly constructed HPSs should work in
parallel with power supply systems that will allow, in future, the simplification
of circuit and constructive decisions.

Special attention in Belarus should be paid to the problems of cascade HPS
construction on the rivers Sozh, Dnepr, and Pripyat because the possible scales
of water flooding of the adjacent territories are limited by the zone conta-
minated with radionuclides.

2.4. WIND-DRIVEN POTENTIAL

On the territory of Belarus there are 1840 sites for the installation of wind
energy stations with a theoretical energy potential of 1600 MW and annual
power generation of 6.5 billion kWh (Tarasenko and Poznyak, 2005). On 1
January 2005 the total capacity of installed wind energy stations was 1.1 MW
and the replacement volume was 0400 TSC (Table 3). In fact, in 2005 in
Belarus there were only three wing stations («Ecodomy, Naroch-2, «Areolay,
Minsk-1) with the total capacity of 850 kW, and one rotor wind energy station
(Figure 3) with the total capacity of 250 kW situated on the territory of
Educational and Research Station Volma, ISEU.



286 ROLE OF RENEWABLE ENERGY SOURCES

TABLE 3. Real and predicted volumes of the use of wind-driven potential for electric energy
production

Years Total installed Power Total replacement
capacity of wind generation volume (000
energy settings (MW) (million kWh TSC)
per year)

2005* 1.2 2.15 0.60
2006 1.7 3.04 0.85
2007 22 3.94 1.10
2008 3.7 6.62 1.85
2009 3.7 6.62 1.85
2010 3.7 6.62 1.85
2011 52 9.31 2.61
2012 5.2 9.31 2.61

*Actual power for today

The development allowing the transformation of wind power into electric
power by means of traditional wing wind energy stations used so far, in
conditions of Belarus were economically unjustified. This fact was one of the
reasons of the development of the rotor wind energy station (Figure 3).
However, modern technical development allows the creation of similar wing
wind energy stations with a starting wind speed from 3 m/s and with rated
operation speeds of 7-8 m/s. The cost of such stations is varying from $800 to
$1200 for 1 kW of the established capacity. This makes such stations more
attractive for use.

The Republic of Belarus is characterized by weak continental winds with
the average speed of 4-6 m/s. Therefore, choosing the sites for the wind energy
stations special tests and careful studies of FER on their application are req-
uired. In order to get an objective estimation about the reserve opportunity of
full wind-driven potential it is also required to complete a cycle of experimental
research. The necessity of parallel work of wind energy stations with power
supply system brings some complications into the general scheme and, thus,
expenses for creation and operation of wind energy stations will increase
considerably. At the same time while calculating the expenses also the necessity
of creation and maintenance of power reserve on other types of power stations
should be taken into account. According to expert predictions no more than 5%
of the general potential will be developed by the year 2005, i.e., 45 million kWh
which is equivalent to 12,000 TSC.
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Figure 3. Overview of rotor wind energy station, ISEU.

One of the main directions of wind energy stations application will be their
application for pump drive stations with low capacity (5-8 kW) and for water
heating in the farming industry. These areas of application are characterized by
minimal requirements for electric energy quality that allows a simplification
and sharp reduction in the price of wind energy stations.

2.5. BIOGAS FROM LIVESTOCK WASTE

Tests results on biogas production from wastes of cattle-breeding complexes
have proved that they are not economically competitive for only biogas
production. The main reason is that it is possible to receive pollution-free and
high-quality organic fertilizer without additional power expenses and as a
result to reduce the power-consuming industry of mineral fertilizer production
proportionally. The application of biogas allows us to improve environmental
situation near the large-scale farms and cattle-breeding complexes, as well as
on the areas under crops where livestock wastes are spread nowadays and in
addition to receive high-quality biohumus fertilizers. Potential production of
commodity biogas from cattle-breeding complexes is estimated to be 160,000
TSC per year, and by 2005 it will be no more than 15,000 TSC (Tarasenko and
Poznyak, 2005).
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2.6. GEOTHERMAL RESOURCES

In the Republic of Belarus geothermal resources with a density of more than 2
TSC/m* and with a temperature 50°C at a depth of 1.4—1.8 km, and 90-100°C
at a depth of 3.8-4.2 m are found in the Gomel and Brest regions (Tarasenko
and Poznyak, 2005). However, high mineralization, low productivity of avai-
lable wells, the small quantity of wells and, on the whole, our poor knowledge
of this resource does not allow the development of this RES for the next 10-15
years.

2.7. SOLAR ENERGY

According to meteorological data in Belarus on average there are 250 overcast,
85 rainy, and 30 clear days in a year. To satisfy electric power needs of Belarus
in the volume of 45 billion kWh, 450 km? of heliostats are required. The price
of heliostats is $450 per m” that is equal to $202.5 billion without the expenses
for the exploitation of the synchronizers, building and construction works,
cables, control systems, technical services, infrastructure, etc. The listed com-
ponents will double the given sum.

Taking into account foreign experience and the experience gained from the
building of a solar power station in the Crimea, specific capital investments and
energy production costs are ten times higher using solar energy than using other
sources. Technical progress in this area will promote the reduction of costs;
however, in the case of Belarus, electric power production using solar energy
will not be practical in the near future.

The main directions of solar energy utilization will be heliowater heaters and
various heliostations for intensification and enhancement of drying processes as
well as water heating in the farming industry.

In Belarus heliowater heaters with welded plastic collectors are worked out
and are prepared for large-scale manufacture. Therefore, the expensive heavy-
metal pipes are not required for solar collectors, which makes their production
more economical. Having favorable conditions of economic and manufacturing
facilities the widest application of heliowater heaters in southern regions of the
Republic can be expected.

At the same time it is expedient to develop in Belarus the following
resources:

e Self-contained power supply with capacity starting from some watts up to
3-5 kW (home equipment, lightening, power supply of residential houses,
lines of communication, etc.)

e Modular photoelectric stations for rural consumers with a capacity from 0.5
to 1 kW based on the elements of modern generation
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The development of such sources and stations needs a number of research
efforts to create modern materials, to improve the quality of the existing
materials (based on silicium), to reduce its price, and consequently the price of
the finished products.

In the favorable conditions of economic and manufacturing facilities a
replacement of about 25,000 TSC per year of organic fuel with solar energy can
be expected by 2020.

In the ISEU the solar water heating station («Doma», Austria) with a
capacity of 1.0 kW and the photoelectric station («Fotovoltaik», Austria) have
been used successfully for more than 5 years. They are used for emergency
lighting of the ground floor and as a training and visual appliance in the
educational process (Figure 4). In the near future it is planned to install also a
photoelectric station with a capacity of 1.5 kW («Stromaufwaerts» Austrian
firm) in the educational-hotel building of the University in Volma.

2.8. DOMESTIC WASTE

The percentage of organic substances in domestic waste is about 40-75.
Domestic waste consists of 35-40% carbon, 50-88% combustible components,
and 40-70% ash. The caloric value of domestic waste is 800-2000 kcal/kg
(Tarasenko and Poznyak, 2005).

In world practice, power production from domestic waste can be realized by
several ways such as burning, active and passive gasification. Gasification has the
greatest potential in contrast to direct burning as the latter causes environmental
problems. To solve these problems, an investment twice exceeding the cost of the
burning stations would be needed.
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Figure 4. Overview of solar water heating and photoelectric stations, ISEU.
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In Belarus about 2.4 million tons of solid domestic waste is collected
annually. They are dumped or directed to two waste reprocessing plants (in
Minsk and Mogilev). Annually, the following amount of solid domestic waste
is collected there (in thousand tons):

e Paper — 648.6

e Food wastes — 548.6

Glass —117.9

Metals — 82.5

Textile — 70.8

Wood — 54.2

Leather and rubber — 47.2

e Plastic — 70.8 (Tarasenko and Poznyak, 2005)

Potential energy of solid domestic waste collected in Belarus equals 470,000
TSC. In the case of biotreatment of these wastes with the purpose of gas
production, the efficiency will not exceed 20-25% which is equal to 100,000—
120,000 TSC. Long-term stocks of solid domestic waste from all large cities
should be taken into consideration due to the problems of its storage. It could be
possible to get about 50,000 TSC from the processing of solid domestic waste
into gas in the regional cities of Belarus, while in Minsk this number could be
equal to 30,000 TSC. The efficiency of that direction should be estimated not
only from the direct output of biogas, but also from the ecological component
which is the basis in this problem. Certain characteristics of the effectiveness
can be received on the basis of detailed design studies, creation, and operation
of experimental—industrial area. By 2005, it can be possible to get up to 10,000
TSC.

2.9. PHYTOMASS

As a raw material for liquid and gas fuel production, a periodically RES —
phytomass of fast-growing plants and trees — can be used. In the climatic
conditions of the Republic a great number of plants in the amount of 10 t of dry
substance which is equal to 5000 TSC are collected from 1 ha of power plan-
tations. Using some additional agricultural methods the productivity of a
hectare can be doubled. From this quality of phytomass it could be possible to
get 5-7 t of liquid products equivalent to mineral oil. For raw material
production the most appropriate would be the use of work-out peat deposits
where no conditions for agricultural crops can be found. The area of such
deposits in the Republic is about 180,000 ha which can become a stable,
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pollution-free source of energy raw material in a volume up to 1.3 million TSC
per year.

The use of rapeseed oil as an energy resource has great potential for the
Republic of Belarus. The Republic has experience in rape cultivation; there are
also some rapeseed-processing plants there. Taking into account the fact that
rape does not accumulate radionuclides, its cultivation on the areas contaminated
after the Chernobyl accident becomes particularly important. There is some
experience gained in that direction. Thus, for example, in 2005 a diesel power
station with a capacity of 300 kW (electric energy) and 400 kW (thermal energy)
running on rapeseed oil was installed and put into operation by the Institute of
Radiology, Otto Hugo Munich University together with ISEU. This station was
put into operation in the milk-processing plant in Khoiniki within the framework
of a humanitarian project (Figure 5).

Figure 5. Overview of diesel power station, working on rapeseed oil in Khoiniki.

The lack of experience in the wide use of phytomass for energy production
does not allow the estimation of the expenses and future prices of the fuel.
Special techniques, road infrastructure, reprocessing enterprises, etc. should be
developed for this purpose. However, according to the integrated calculations
the price adds up to $35 per TSC. According to the expert estimations by the
year 2012, about 70,000-80,000 TSC can be received due to the use of phytomass
for energy production.
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2.10. PLANT GROWING WASTE

The use of plant growing waste for energy production is considered to be a
fundamentally new direction in energy savings. Practical experience of plant
growing waste application as the energy carrier has been acquired in Belgium
and the Scandinavian countries, but not yet in Belarus. The total potential of
plant growing waste is estimated to be about 1.46 million TSC per year (Table 4)
(Tarasenko and Poznyak, 2005). The decisions on expedient volumes of
burning plant growing waste for fuel production should be made comparing
certain economic needs. By the end of the predicted period this value is
estimated at a level of 40,000-50,000 TSC.

TABLE 4. Real and predicted volumes of the biogas production, domestic waste, phytomass for
electric and thermal energy production

Energy resource 2007 2008 2009 2010 2011 2012

(000 TSC)
Biogas 6.6 13.2 19.8 26.4 329 39.5
Domestic wastes 4.9 9.9 14.8 19.8 24.7 29.6
Phytomass 12.4 24.7 37.1 49.4 61.8 74.1
Total 23.9 47.8 70.7 95.6 119.4 143.2

From Table 4 it can be seen that due to all renewable and alternative energy
sources, as well as thermal secondary power resources, mineral oil, oil gas and
peat, the volume of local energy carriers is estimated as 6.75 million TSC per
year.

3. Conclusions

A work system on the development of the potential including educational
programs for decision-making people and users of technologies should be
carried out for the further development and application of alternative energy
sources in Belarus. In spite of great efforts undertaken by the State Committee
of Energy Efficiency and other authorities, alternative power is introduced in
Belarus by a small number of pilot projects and technologies. The most suc-
cessful projects are those using wood waste products for gasification with the
subsequent burning and generating of thermal energy; also some small HPSs,
four powerful industrial wind energy stations belonging to «Ecodomy, «Areolay,
and ISEU; and one biogas station. Still, that is not enough. One of the low-cost
ways to improve the present situation in wind-power engineering in modern
economic conditions is to import already used wind energy stations with a
capacity exceeding 100 kW. It is connected with the fact that in Europe wind
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energy stations with a capacity of 100-200 kW in the near future will be
replaced by more powerful stations with a capacity from 600 kW up to 2.5 MW.
The diagram given in Figure 6 describes the prospects of RESs and local
fuel type development. A percentage of total consumption of FERs is given by
nongovernmental organizations and State Committee of Energy Efficiency.
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Figure 6. Prospects of the development of alternative energy sources and local fuel types up to
2020 (ratio of total consumption FER, %).

On the whole, the described tendencies of the alternative and RESs
development in the Republic of Belarus meet the same tendencies in Europe.
The application of new technologies of biogas production from a renewable
biomass — rapeseed oil for diesel engines and ethanol for carburetor engines —
shows considerable promise for Belarus. Experience of some agricultural
productions in the Grodno and Gomel regions has shown ecological expediency
of the application of these technologies. It is very important to complete and
update these technologies to the industrial level for local conditions and to
introduce them into production by 2010. During this period the drastic cost
increase for liquid mineral fuel is predicted with significant reduction of its
natural resources.

The application of new technologies of biomass utilization (fast-growing
wood, wood waste products) as boiler-stove fuel is also a very important
question during the mentioned period. In Belarus production facilities for
wide introduction of biomass gasification technologies already exist; also pilot
projects on development of these technologies have been carried out there with
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the support of UNDP and other international organizations. The development of
these technologies will be especially important for cities and towns with wood-
processing power and an advanced agrarian sector.
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Abstract: For last 15 years, we have investigated low-dose radiation genetic
effects on human populations affected by the Chernobyl accident. Cytogenetic
longitudinal investigations showed that radiation markers for cleanup workers
remained at an elevated level and had a trend to grow up with time. A dynamic
profile of the amount of aberrations confirms that this group has symptoms of
the genomic instability state formation. This situation correlated with the incidence
of morbidity. The state of genomic instability correlates with accumulation in
cleanup workers blood clastogenic factors, which are responsible for increased
genomic instability. As a model, we used keratinocyte human line with blocked
first check point of cell cycle. The same situation took place for gene mutations
(investigated by T-cell receptor [TCR] test) and mitochondrial “common
deletion” frequencies (in situ polymerase chain reaction [PCR]) in cleanup
workers as for other groups in the affected population (for children, especially).
The outcomes of biology dose reconstruction will be presented. Results of
longitudinal investigations confirm that cytogenetic and molecular effects of
irradiation can be fixed even 20 years after the Chernobyl accident.

Keywords: human populations; cytogenetic and molecular effects; markers; low dose

1. Introduction

The destabilization of the genetic machinery is closely connected with the deve-
lopment of many pathological states. Practically, the cause of various somatic
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diseases lies in abnormalities of normal cell and tissue functioning, based on
irregular activity of the genome. Thus, the control of genetic stability under
environmental conditions of different mutagenic pressure can serve as a very
important parameter for the estimation of the actual individual health state and
for a perspective health risk assessment.

Today a lot of different approaches orientated on different markers (cyto-
genetic and molecular) determinations are developed (Baranov et al., 1995;
Konoplia and Rolevich, 1996; IAEA, 1996; Melnov and Laziuk, 1997). This
paper presents our results related to the investigation of cytogenetic and mole-
cular effects for humans, affected by the Chernobyl accident.

2. Cytogenetic Analyses

The most effective approach for the assessment of genetic homeostasis is
cytogenetic monitoring, which allows the tracing of the dynamics of genome
destabilization, both in qualitative and quantitative respects.

It is a common knowledge that cleanup workers (liquidators) are most
affected group of Chernobyl victims (II’in, 1995; Balter, 1996). In cytogenetic
studies attention was primarily focused on the most affected patients showing
symptoms of acute radiation sickness. Thus, Gus’kova et al. (1987) and Piatkin
et al. (1989-1991) conducted a series of cytogenetic investigations with peri-
pheral blood lymphocytes from patients with acute radiation sickness. The doses
received by these patients, which were estimated according to the frequency of
dicentric chromosomes, were as follows: 10.1-13.7 Gy (7 patients), 6.1-9.5 Gy
(12 patients), 4.0-5.8 Gy (16 patients), 2.0-3.2 Gy (32 patients), 1.0-1.9 Gy (19
patients), and 0.1-0.9 Gy (42 patients); 29 of the examined persons did not show
any dicentrics.

For six patients who performed their tasks in the sarcophagus, Sevan’kaev
et al. (1995b) demonstrated that there is good agreement between physical doses
and biological doses in the dose range from 1 to 15 Gy. Pilinskaya et al. (1991,
1996) examined 51 patients with acute radiation sickness in the remote time after
the CNPP accident (9 months—3 years). These authors managed to show that the
frequency of cytogenetic markers depended on the acuteness of the disease.

According to the data from Lazutka (1996), collected from examination of
183 cleanup workers, only about 20% of the persons examined showed an
increased frequency of dicentric chromosomes and ring chromosomes.

Thus, on the basis of the existing data we conducted a long-term study of
the cytogenetic status of CNPP cleanup workers. Various techniques for routine
cytogenetic analysis including the sister chromatid exchange (SCE) and T-cell
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receptor (TCR) tests were used in the course of this study (Melnov et al., 1986,
1987, 1999; Melnov, 1997). The results of these investigations are summarized

in Table 1.

TABLE 1. Dynamic investigations of cleanup workers’ cytogenetic status

Period Type of aberrations (%) Sum of Aberrant cell
(year) Single Double  Dicentrics +  Atypical  aberrations  frequency
fragments  fragments rings chrom-s (%) (%)

1991 1.49+£0.19 0.78+0.10 0.28+0.05 0.11+0.02 288+0.25 2.57+0.24
1992 1.89+£0.20 1.15+£0.14 0.12£0.03 0.09+£0.03 3.39+0.31 3.14+0.29
1993 1.89£0.37 0.72+£0.14 0.04+£0.02 0.02+0.01 2.70£0.43 2.621+£043
1995 322+£020 096+0.14 020+£0.06 0.05+0.02 4.67+£0.52 428+044
1996 211+021 085+0.15 0.11+£0.06 021+£0.02 335+0.28 3.01+0.23

12227 1.75+£0.24 1.01+£0.14 0.16£0.07 0.03+£0.02 3.14+0.32 2.88+0.280
2000 1.68+025 153+0.22 0.19+£0.08 0.04+0.02 387+045 3.33+0.39
;88;7 222+032 284+0.84 0.14£0.07 0.09+£0.04 549+0.80 5.10+£0.73
2004—

2005 5.83+0.29 2.06+0.18 0.43+£0.08 0.00+0.00 926036 8.06+0.34

The data revealed diametrically different tendencies in the dynamics of the
parameters of the cytogenetic status of the cleanup workers. Thus, the frequency
of marker aberrations (dicentric chromosomes and ring chromosomes), as in
literature (Sevan’kaev et al., 1995a) showed a tendency to constantly decrease,
while the frequency of single fragments, double fragments, sum of aberrations
and aberrant cells was increased.

The increase in the frequency of marker aberrations (dicentric chromosomes
and ring chromosomes), noticed in the course of examination of patients in
1996, is partially connected with a more strict selection of the cohort of persons
examined (only patients from the “high-dose” group were examined). Never-
theless, even in 1996 the frequency of marker aberrations did not reach the level
found in 1991.

The increase in frequency of atypical chromosomes deserves special atten-
tion. This increase seems to be rather natural, since the fact of positive selection
in favor of stable aberrations in comparison with unstable marker aberrations
is natural and well known. Along with this no essential dynamics of the
parameters of the cytogenetic status of the control group was observed (1992—
1995 control, 1998—-1999 control).
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Basing on these data we proposed that the irradiated people got somatic cell
genomic instability.

This situation looks very stable. Basing on our dynamic investigation of the
control group we are able to estimate the control values for parameters of
cytogenetic status for every age. We found that for every age the differences
between aberration frequencies for cleanup workers’ lymphocytes were higher
in comparison with the control group. Even more, with time the discrepancy
values had a tendency to increase (Figure 1).
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Figure 1. Age-dependent dynamics of discrepancy between sum of aberrations of cleanup
workers and controls.

Data of a special interest from our point of view are data on increasing of
polyploid cells frequency. They are presented in Figure 2. Reasons for this fact
are not clear now.
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Figure 2. Increase of polyploid cell frequency with the time.

3. TCR Test Results

Chromosome aberrations are rough anomalies, which, as a rule, can have a
significant effect on the viability of the affected cells. In this sense any aberra-
tion of a similar type (though in a different degree) is subject to negative
selection at the population level.

Gene mutations representing a lower level of genome organization are less
deleterious for the viability of the affected cells (especially, if they are located
in so-called hypervariable regions) and consequently can be more informative
for the assessment of an additional mutagenic effect, as well as for biological
dosimetry.

We developed a mathematical model which allows the evaluation of
additional radiation doses based on the frequency of mutant T-helper cells
(Melnov et al., 1999). The parameter determines the frequency of mutations in
two hypervariable DNA loci; it is more sensitive to radiation but not to
chemical mutagenic influence (Kyoizumi et al., 1989, 1990).

As shown in Table 3, the frequency of mutant T-helper cells in the control
group differs significantly from that of the group of cleanup workers.
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TABLE 3. Level of mutant T-helpers in peripheral blood of cleanup workers

Group under Amount of patients Level of mutant
investigation T-helpers cells
Cleanup workers 84 0.640 + 0.168
Control group 38 0.353 +0.053

The analysis of the data shown in Table 3 indicates that the level of mutant
T-helper cells in the group under investigation is about two-fold higher than
that in the control group (the difference is significant at P < 0.05).

Taking into account our mathematical model (Melnov et al., 1999) we
performed biological dose reconstruction for this group of patients.

The biological dose reconstruction, based on the data of the TCR test is
rather approximate, because the duration of preservation of these markers is still
unknown. The data presently available indicate that this parameter is stable over
a period of at least 5 years (Melnov et al., 1999, 2000).

Based on our mathematical model for the age dynamics of the frequency of
mutant T-helper cells (Melnov et al., 2000), it is possible to calculate the
increment of this factor and to stipulate the additional mutagenic effect of
radiation and to determine the dose effect, which is necessary for its induction.
The results of these calculations are summarized in Table 4.

TABLE 4. Biologically reconstructed doses for CNPP cleanup workers 19861987

Dose Range (Gy) Number of persons (%)
Background level 4643
0.01-1.4 41.67
1.41-3.56 9.53
>3.56 2.38

The data indicate that more than 50% of the surveyed cleanup workers
showed an evident increase in the frequency of mutant T-helper cells, allowing
the classification of them as a potential risk group (bioindication of radiation
effect) (Table 4). In 11.9% of the cases the doses were rather significant, and in
2.4% they were unreally high. Apparently, this fact can be explained as follows.
The biologically reconstructed dose, as mentioned above, is stipulated not only
by the effect of radiation, but is also an integral parameter that takes into
account the individual radiosensitivity, the health state of the patient at the
moment of irradiation, and comutagenic effects of synergetic factors.

Taking into account the special interest to evaluate the long-term cones-
quences of radiation for the health state of the group of cleanup workers, this
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approach will allow the development of biological criteria for the assessment of
genetic instability and radiosensitivity on the patient level.

It is necessary to remember that given dose assessment has only indicative
character not only due to the lack of data on the stability of this parameter, but
also as a consequence of the possible influence of concomitant other individual
factors (such as individual radiosensitivity).

4. Mitochondrial DNA as a Marker of Irradiation

In the course of investigation of the genetic processes after irradiation, attention
has been concentrated on the state of nuclear DNA. At the same time the fact of
the existence of the second alternative genome (in mammalian cells — mito-
chondrial DNA [mtDNAY]) is a well-known fact.

It is common knowledge that in vertebrate cells mtDNA is presented
in multiple copies (103—-104 per individual organism). The mammalian mito-
chondrial genome has a size of 16-18 kbp and a ringed closed structure.
Intermediate product analyses of mtDNA synthesis showed the main frames of
the replication cycle (Clayton, 1982, 1991).

The universal nature of mtDNA and special laws of mitochondrial genetics
(more related with population genetics laws that the laws of Mendel genetics)
help to understand the very high genetic heterodiversity of mitochondrial diseases,
which based on the main involvement of the brain and muscular tissues got the
common name “‘mitochondrial encephalomyopathy” (Larsson and Clayton, 1995;
DiMauro et al., 1998).

It was established that in human mtDNA there are “hot spots” where
mutations took place more often. The most important paradox of mitochondrial
medicine (Reynier and Malthiery, 1995) consists of the inverted proportionality
between number of the proteins, coded to two (nuclear and mitochondrial)
genomes, and the number of diseases connected with their mutations. For the
last few years in small mitochondrial genome that codes only 13 of the known
approximately 1000 mitochondrial proteins (all 13 are the components of a
respiratory chain), it was identified about 100 pathogenic dot mutations and
reorganizations (Shadel and Clayton, 1997). And, on the contrary, the numerous
nuclear genome mutations could be associated with respiratory chain defects
and neural degenerative diseases as rather rare.

The accumulated information confirms the involvement of mtDNA in the
wide spectrum of pathologies (Gattermann et al., 1995). There is suspicion that
the level of mitochondrial mutations is one of the cancer risk factors.

With aging the frequency of mtDNA mutations is increasing (Liu et al.,
1998), first of all it concerns most frequently meeting “common deletion”, cover-
ing 4977 base pairs. Its frequency grows up in the cells which have undergone
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an ultraviolet irradiation. There is opinion that common deletion may be used as
a marker of a mutagenesis level of mtDNA.

The comparative analysis of oxidizing stress effect on nuclear and mtDNA
has shown that the latter is more sensitive and the arisen anomalies are saved
much longer in comparison with nuclear DNA (Cai et al., 1998). The assump-
tion was put forward that its increased sensitivity to chemical and physical
mutagenic factors is connected with the absence of histones (Caron et al.,
1979). This fact, and also the absence in mitochondrion of the sophisticated
repair mechanism (Clayton, 1982), creates the real precondition to use the
frequency of mtDNA aberrations for the purposes of biological dosimetry.
Besides taking into account the fact of presence of several mtDNA copies in
every mitochondrion, it is possible to admit that the aberration in one or several
copies will not have a critical effect on organelle activity and cell — carrier
viability as a whole and guarantees the coexistence of plenty of mutations in
physiologically high-grade cells.

The first attempts to use mtDNA (“common deletion”, 4977 bp) for the
purposes of biodosimetry belong to Kubota et al. (1997), who showed with the
help of nested PCR the increase of frequency of these deletions after irradiating.

We (Melnov et al., 1998) using “Sunrise” type primers developed a method
for common deletion quantification by in situ PCR. The object of the
investigations was human peripheral blood lymphocytes freshly purified in a
density gradient with the standard technique. The cell suspension was subjected
to in vitro irradiation in different dozes up to 2 Gy by "“’Cs source at the
radiation power of 1 Gy/min. Then cells were transferred into the standard lym-
phocyte cultural medium (RPMI-1640 medium, calf serum (15%), antibiotics),
supplied by (according to experiment conditions) PHA (Gibco, 15 mkg/ml).
Cells were washed in warm cultural medium without PHA at +37°C, centri-
fugation for 5 min, 800g and incubated in solution of Mitotraker M-7514 (0.2 mM
in cultural medium, “Molecular probes”) within 30 min. Then, cells were washed
in phosphate-buffered saline (PBS), subjected to hypotonic processing (PBS:
distilled water = 1:1; +37°C, 8 min) and fixed three times in the cooled fixator
(methanol:acetic acid = 3:1, 10 min). Intermediated centrifugation occurred for
5 min, 800g.

Cells were dropped out on slides, dried up, and used for PRINS PCR. In the
experiments, “Sunrise” type primers (HSAS8542) were used for identification
of mtDNA common deletions and standard kits «TagMan PCR Core Reagent
Core» (Perkin Elmer, H1555) were used. Due to close positions of fluorochrom
and quencher in the primer, in solution it does not activate. At interaction with
mtDNA primer there is a stretching out and the distance between them is
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increasing and fluorescence will arise. For visualization of nuclei standard
DNA-specific counterstaining with DAPI was used. During the microscopic
analysis the quantity of the cells with or without mutations was taken into
account and expressed in percentages.

Method development was carried out on lymphocyte culture of the patient
with Piers syndrome (higher frequency of common deletion).

Optimization of PRINS PCR regime (20-25 cycles) has allowed the
identification, with a high degree of reliability, of mutations of mtDNA with the
help of the specified methodical approach — practically all cells contained
mitochondria with mutant DNA, and the color varied significantly depending
upon the number of mutant mtDNA copies from yellow to orange, up to
intensively red.

At the analysis of the peripheral blood lymphocytes, irradiated by '*’Cs
source in various doses (up to 2 Gy) we fixed elevated levels of mutations
(Table 5), statistically significantly distinguished from the control.

TABLE 5. Dynamics of the mtDNA common deletion frequency in peripheral blood lymphocytes
after irradiation in various doses (time of incubation — 0 h)

Dose (Gy) Amount of Cells in analyses Frequency of
investigations mutant cells (%)
0 3 487 1.23 £0.50
0.5 3 500 1.40 £0.53
1.0 3 477 1.89 £ 0.62
2.0 3 501 2.60+0.71

The analysis of the collected data specifies presence of statistically signi-
ficant differences only between control samples and the samples irradiated at a
dose of 2 Gy (according to Mann—Whitney criterion — P < 0.05). Change of the
mutant cells frequency depends on a dose and may be described in the
frameworks of a regression model f=0.74021, P <0.01 (Figure 3).

Unfortunately, the quantitative estimation of the mtDNA mutant frequency
per one cell now is not possible, and in thanks to such situation we prefer to use
as a basic criterion the frequency of mutant cells without dependence on the
frequency of mutant organelles (or the damaged copies of mtDNA).
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Mutant cells frequency , % =1,17+0,69 * Dose, Gy .
Correlation: r=,74341

Cells with common deletion frequency, %

o, Regression
-0,1 0,3 0,7 1,1 1,5 1,9 95% confid.

Dose, Gy

Figure 3. Dynamics of the mtDNA common deletion induction after additional irradiation.

Taking into account a possible role of the time factor and proliferation
potential in realization of radiation effects, we carry out the analysis of fre-
quency of an induction of deletions of an mtDNA for the same dose range
in 96 h (time factor) after an irradiation without or at presence PHA
(proliferation). Results are summarized in Tables 6 and 7.

TABLE 6. Dynamics of the mtDNA common deletion frequency in peripheral blood lymphocytes
after an irradiation in various dozes (time of incubation — 96 h, without PHA)

Dose (Gy) Amount of Cells in analysis Frequency of
investigations mutant cells (%)
0 3 754 0.93 £0.35
0.5 2 990 3.43+0.58
1.0 3 960 1573 £1.18
2.0 3 1082 16.73+1.14

The analysis of the data presented in Table 6 testifies that frequency of cells
with deleted mtDNA is really increased in the dose range 0-1 Gy (Mann—
Whitney criterion, for all cases — P < 0,05). In the dose range 1-2 Gy, the
output of mutant cells exits on a plateau.
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TABLE 7. Dynamics of the mtDNA common deletion frequency in peripheral blood lymphocytes
after an irradiation in various doses (time of incubation — 96 h, with PHA)

Dose (Gy) Amount of Cells in analysis Frequency of
investigations mutant cells (%)
0 3 938 1.60 £ 0.41
0.5 3 1158 13.04 £ 0.99
1.0 3 1102 22.60 £ 1.26
2.0 3 1205 27.14 £ 1.28

At the same time, in case of stimulation, cellular proliferation frequency of
mutant cells is much higher, and the difference between points 1 and 2 Gy is statis-
tically significantly different (Mann—Whitney criterion, for all cases — P < 0.05).

It is clear that in both cases the dose—effect dependence may be interpreted in
the framework of linear regression — in the case nonstimulated lymphocytes f=
0.890 (P < 0.001); after PHA stimulation — = 0.930 (P < 0.00005) (Figure 4).

Without PHA:
mtDNA mutant cells, %=2,184+8,373*Dose, Gy
With PHA:
mtDNA mutant cells, %=5,421+12,427*Dose, Gy

30
26 o

22

mtDNA mutant cell frequency, %

o, without PHA

2 i
0,2 0,2 0,6 1,0 14 18 22 Dh with PHA

Dose, Gy

Figure 4. Dynamics of mtDNA common deletion induction after additional irradiation (incuba-
tion time, 96 h) — without the PHA stimulation.

Special attention is deserved for the fact that the frequency of mutant cells
submits to the same law both in PHA-stimulated and in PHA-unstimulated cell
populations that enables the assumption of relative independence of the spe-
cified parameter from proliferation activity of lymphocytes, and the marked
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quantitative difference can be attributed to the account of duplication of cells —
carriers of a mutated mtDNA.

At the same time, the comparison of the regression equations, devoted to the
dose—effect dependencies in these cases testifies that between them there are
real statistically significant discrepancies (P < 0,01). The above-mentioned data
allow making the following conclusions:

e The analysis of the nonnuclear DNA condition is a reliable parameter for
biological dosimetry

e Relative independence of the frequency of mutant cells from cell proli-
feration activity of the lymphocytes allows the assumption of the possibility
of long-time stability of this parameter.

5. Clastogenic Effect of Low-Dose Radiation

The recently investigated bystander effect and work dealing with clastogenic
factors are evidence of the existence of special transmitters which are mediat-
ing the spread of DNA damage which can guarantee the genesis of genomic
instability.

To investigate such an opportunity, we developed a system for testing
clastogenic activity based on the HPV-G cell line — a human keratinocyte line,
which has been immortalized by transfection with the human papillomavirus
(HPV) virus, rendering the cells p53 null. They grow in culture as a monolayer,
and display contact inhibition and gap junction intracellular communication.

HPV-G cells were cultured in Dulbecco’s MEM:F12 (1:1) medium supple-
mented with 10% Fetal bovine serum, 1% penicillin—streptomycin, 1% L-
glutamine, and 1 pg/mL hydrocortisone. Cells were maintained in an incubator
at 37°C, with 95% humidity and 5% CO, and subcultured every 8—10 days. As
a source of clastogenic factors we used sterile serum of cleanup workers. The
level of mutagenic effect has been checked by cytogenetic analyses.

After standard reseeding, cells were left at 37°C in the CO, incubator to
attach for 12 h. The blood serum (I mL per flask) was added to 24 cm® flasks
(NUNC, USA) (6000 cells per flask) 1-2 days after seeding, and cells were
cultivated in the incubator for 1-2 h. Then, cytochalasin B was added (7 pg/mL
concentration) and the cells were incubated for 24 h.

After this cell culture medium was removed, the cells were washed with
PBS and fixed with chilled Karnua solution (1 part glacial acetic acid and 3
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parts methanol, 10-15 mL three times for 10-20 min). Coverslips were dried
and stained by 10% Giemsa solution. Using mounting medium (Sigma),
coverslips were attached to the microscope slides. The micronuclei count was
carried out under inverted microscope (x 400). Micronuclei were counted only
in binucleated cells (1000 binucleated cells per flask). All the data are
calculated as the micronuclei number recorded per 1000 binucleated cells
(micronuclei were analyzed only in such cells). Cytogenetic analysis has been

fulfilled as before. Results are summarized in Table 8.

TABLE 8. Cytogenetic status of lymphocytes and micronuclei frequency in HPV-G cells after

treatment with serum samples (average data)

Parameters Groups of populations P
Control Main group
Results of cytogenetic analysis
People analyzed 61 32 -
Average age (years) 37.66 £ 1.5 41.74 £0.98 -
e N of metaphases 11,179 8739 -
§ Single fragments 1.67 £0.12 5.78 £1.97 <0.05
§ Double fragments 0.81 £0.08 1.89£0.1 <0.01
% Dicentrics + rings 0.11 £0.03 0.31+£0.22 >0.05
g Atypical chromosomes 0.02 £ 0.01 0.02 £ 0.01 >0.05
gn Polyploidic cells 0.08 £0.03 0.22£0.19 >0.05
3 Aberrant cells 248 £0.14 7.59+£237 <0.05
Sum of aberrations 2.63£0.15 8.59+2.94 <0.05
Results of micronuclei test
P Number of binucleated cells 5554 14,045 -
= Ei Number of cells with 1 MN 69.50 + 12.21 189.66 £ 20.74 <0.01
E‘ Zi - Number of cells with 2 MN 5.00 +3.08 24.51 £8.05 <0.05
:é; E € Number of cells with 3 MN 0.26 £ 0.21 4.56+3.14 >0.05
= g Number of cells with MN 74.76 £ 12.69 218.69 £21.90 <0.01
E Total frequency of MN 80.29 £ 13.14 251.18 £22.96 <0.01

The results of polynomial statistical analysis of individual data are presented

in Figures 5 and 6.
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Aberr,% = 11,821-0,1216*x+0,0004*x"2
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Figure 5. Dependence of total frequency of micronuclei from total frequency of aberrations
(polynomial fitting).

Aberr Cells,% = 0,0192-0,0102%x+0,0002*x2
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Figure 6. Dependence of total number of cells with micronuclei from total number of aberrant
cells (polynomial fitting).
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Figure 7 and Table 9 present the cluster analysis showing linkages between
parameters “micronuclei frequency, %o” and number of single, double frag-
ments, dicentric and ring chromosomes, atypic chromosomes, polyploidic cells,
aberrant cells frequency, and aberrations frequency.

Complete Linkage
1-Pearson r

0,8

0,6

Linkage Distance

04

0,2

00 L ]

Atypic chromosomes ,% Polyploids,% Aberr Cells,% Single,%
Dicentrics+Rings, % Double, % Aberr,% MN Total, %o

Figure 7. Joint tree (cluster analysis) comparison of cytogenetic status and bystander serum effect
(MN induction).

TABLE 9. Linkage distance between cytogenetic status parameters and bystander-inducing effect
of blood serum from patients affected after the Chernobyl accident

Parameter 1 2 3 4 5 6 7
1 Total MN frequency (%o)
2 Single fragments (%) 0.31
3 Double fragments (%) 042 052
4 Dicentrics and rings (%) 0.83 0.81 0.80
5 Atypical chromosomes (%) 124 121 1.09 0.76
6  Polyploidic cells (%) 090 1.03 096 0.79 1.10
7 Aberrant cells (%) 028 0.10 028 053 1.08 094
8  Total number of aberrations (%) 024 0.06 0.33 063 1.12 094 0.02
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TABLE 10. Correlation matrix (by Spearman) for cytogenetic parameters compared to induced
effect

Parameters of comparison (%) Number of cells with MN Total MN number
(%0) (%0)
Single fragments 0.50* 0.62*
Double fragments 0.49* 0.55%
Dicentric and ring 0.07** 0.08**
Atypic chromosomes —0.24%* —0.24%*
Polyploid cells 0.13** 0.10%*
Number of aberrant cells 0.65* 0.71*
Total number of aberrations 0.76* 0.84*
*P <0.005
**p>0.1

The micronuclei frequency in the controls indicate the level of spontaneous
mutagenesis (it is comparatively low). Our data show that the number of cells
with two and especially three micronuclei is very low compared to the number
of cells with one micronucleus; people exposed to acute radiation (Chernobyl
liquidators) have an increased mutagenic pressure, expressed as a considerable
increase of micronuclei frequency (the total micronuclei frequency 273.7 = 22.4
and frequency of cells with micronuclei 235.6 + 14.0 in cells treated with serum
from liquidator blood samples is significantly higher than from the control
group (in both cases P < 0.01)). At the same time an increase in the number of
cells with more than one micronucleus was observed. Thus, the data clearly
indicate that acute intensive radiation exposure significantly influences the level
of bystander factor accumulation.

These results correlate well with the data from the Hiroshima population
(Goh and Sumner, 1968). The data on the bystander effect of the blood serum
from liquidators confirms an earlier hypothesis on the possible effects of acute
exposures to low doses of radiation.

As can be seen from Table 8, people affected after the Chernobyl accident
have significantly higher levels of chromosome aberrations compared to
controls (P < 0.05) as a result of a high level of nonspecific aberrations (single
and double fragments, P < 0.05 and P < 0.01 compared to controls, res-
pectively).

At the same time frequency of specific marker aberrations (dicentric and
ring chromosomes) is almost three times higher compared to controls, but not
statistically significant. This data is confirmed by data from Sevan’kaev et al.
(2005), showing that with time a significant part of these nonstable marker
aberrations is lost, decreasing the effectiveness of biological evaluation of
radiation doses.
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Summary analysis of micronuclei frequency in HPV-G cells after treatment
with blood serum samples indicates that activity of serum samples from people
affected after the Chernobyl accident was almost three times higher than in
controls (251.18 £22.96 and 80.29 + 13.14, respectively; P <0.01).

Thus, preliminary comparison analysis of obtained data shows that blood
serum samples from people, affected after the Chernobyl accident, even after a
prolonged period after the Chernobyl accident (19 years to analysis date) may
be influenced as a result of prolonged effects of radiation.

In order to understand interactions between parameters (total number of
cells with aberrations and micronuclei, and total frequency of aberrations and
micronuclei) the dependence between them using polynomial analysis has been
studied.

From data presented in Figures 5 and 6 there is evident correlation depend-
ence observed between parameters. The strongest dependence is observed
between total micronuclei frequency and total frequency of aberrations. Also
direct dependence, but not as evident, is between parameters of total number of
cells with micronuclei and total number of aberrant cells. Thus, data analysis
suggests that the level of damaging bystander factors in blood serum samples
from people affected be the Chernobyl accident (micronuclei frequency) closely
correlates with the level of genome damage (aberrations frequency).

Using cluster analysis, linkages between parameters “micronuclei frequentcy,
%0” and number of single, double fragments, dicentric and ring chromosomes,
atypic chromosomes, polyploidic cells, aberrant cells frequency, and aberra-
tions frequency have been studied.

As can be seen from Table 9 and Figure 7, the closest linkage is observed
between parameters “total number of aberrations, %” and “total number of
aberrant cells, %” (linkage distance d = 0.02). Parameter “total micronuclei
frequency, %o” has the closest linkage with parameters ‘“number of aberrant
cells, %” (d = 0.28) and “aberrations frequency, %” (d = 0.24).

Using Spearman correlation analysis, we built a correlation matrix for
cytogenetic parameters compared with bystander (micronuclei) parameters.
From Table 10 one can conclude that the strongest dependence is observed bet-
ween total micronuclei frequency and total frequency of aberrations (Spearman
coefficient of correlation » = 0.84; P < 0.005). Also direct dependence, but not
as evident, is observed between parameters “total number of cells with
micronuclei” and “total number of aberrant cells” (» = 0.65; P < 0.005). The
levels of single and double fragment have statistically significant correlation
with the level of micronuclei.

Thus, presented data allow us to conclude that, after radiation influence
in serum samples from victims of the Chernobyl accident, there are factors
appearing and continuing for almost 20 years, inducing the bystander effect.
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These factors are able to cause genomic instability. The level of bystander
factors in serum significantly correlates with frequency of chromosome aber-
rations in human lymphocytes.

As a consequence, our results allow us to suggest that the total level of
genomic instability may correspond from on the one side the level of radiation
influence, and from the other — individual radiosensibility of examined people.
The level of factors—inducers of bystander effect in serum has direct correlation
with genomic instability. Thus, even in a remote period after acute and chronic
low-dose radiation influence in human blood in vivo there is accumulation of
specific factors, transferring through serum and able to induce an increased
level of chromosome aberrations in intact somatic cells, providing genomic
instability in tissues of irradiated organism.
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Abstract: The results of both Allium-test application for the environment
quality assessment and long-term field experiments that have been carried out
on different species of wild and agricultural plants are discussed. Plant populations
growing in areas with relatively low levels of pollution are characterized by the
increased level of both cytogenetic disturbances and genetic diversity. The
chronic low-dose exposure appears to be an ecological factor creating pre-
conditions for possible changes in the genetic structure of a population. A
long-term existence of some factors (either of natural origin or man-made) in
the plants environment activates genetic mechanisms, changing a population’s
resistance to exposure. However, in different radioecological situations, genetic
adaptation of plant populations to extreme edaphic conditions could be achieved
at different rates. The findings presented clearly indicate that an adequate
environment quality assessment cannot rely only on information about pollutant
concentrations. This conclusion emphasizes the need to update some current
principles of ecological standardization, which are still in use.
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1. Introduction

Contamination of the environment has become a worldwide problem. Therefore,
a clear understanding of all the dangers posed by environmental pollutants to
both human health and ecologic systems are needed. With this in mind,
considerable efforts have been undertaken to develop effective methods for
assessing the quality of the environment.

Generally, two approaches are used. The more classical one is to take
samples of air, water, and soil and analyze them in a laboratory using routine
chemical-physical techniques. An evaluation of true exposure characteristics is
complicated, however, since most quantification techniques are capable of
recognizing just a specific compound or its metabolites. Consequently, this
approach gives only a part of the knowledge necessary to evaluate the harmful
potential of pollutants.

The other approach is to score the biological effects in animals or plants
that could be exposed at contaminated sites. An obvious advantage of
bioindicators is that these show the results of the pollutants’ action on living
nature. The use of such a bioindication approach could remove much of the
uncertainty associated with current ecological risk assessments and provide
meaningful indicators of biological damage. In contrast to the specific nature
of assessments on exposure, studies of biological effects integrate the impacts
of all the harmful agents, including synergistic and antagonistic effects. The
biomarkers may also illuminate previously unsuspected chemical or natural
stressors in the study area or reveal that damage has been caused by a pollutant
that has since degraded and is no longer detectable by residue analysis. Therefore,
this approach is particularly useful for assessing unknown contaminants, complex
mixtures, or hazardous wastes.

Certainly, it will never be possible to replace direct physical-chemical
measurements of pollutant concentrations entirely by the determination of effects
on bioindicators. It is obvious that a correct estimation of environment pollution
risk needs to be derived from biological tests and pollutant chemical control in
ecosystem compartments. Both need to be carried out simultaneously. The
simultaneous use of chemical and biological control methods allows an iden-
tification of the relationships between the pollutant concentrations and the bio-
logical effects that they cause. In turn, such relationships may allow identification
of the contribution of each specific pollutant to the overall biological effect
observed. An increased understanding of fate and exposure pathways of harmful
substances in various test systems is also needed for a better prediction of what
has happened in the field. The knowledge generated makes it possible to limit an
effect of unfavorable factors on biota and to predict the further ecological
alterations in regions submitted to intensive industrial impact.
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To assess the quality of the environment, we mostly used plants as test
objects, for several reasons. Plants are higher eukaryotes and essential com-
ponents of any ecosystem. Moreover, plants seem especially well suited for an
environmental assessment since they have fast growth rates and provide a large
number of offspring. Owing to their settled nature, plants are constantly
exposed to the pollution agents and, therefore, can characterize the local
environment in the best way. Plants do not have a predetermined germline
(Walbot, 1985); the germ cells are produced during plant development from
somatic cells, and, consequently, mutations occurring during somatic deve-
lopment can be inherited. Furthermore, in many cases, plant bioassays are the
simplest and most cost-effective among test systems for an environmental
assessment.

Interaction of contaminants with biota first takes place at the cellular level
making cellular responses not only the first manifestation of harmful effects,
but also suitable tools for an early and reliable detection of exposure. Cellular
changes would initially be less obvious than the direct visible effects of
pollutants, but in the long run they could be more significant. Because the
targets of protection in ecological risk assessment most often are populations,
communities, and ecosystems, the biomarker response must be tightly linked to
responses at these higher levels. It is becoming increasingly clear (Theodorakis
et al.,, 1997) that cellular alterations may in the long run influence biological
parameters important for populations such as health and reproduction. These
types of effects are of special concern because they can manifest themselves
long after the source of contamination has been eliminated. Therefore, it is
genetic test systems that should be used for an early and reliable demonstration
of the alterations resulting from human industrial activity.

2. Results

In most bioindication studies, standard indicator plant species such as Trade-
scantia, Allium cepa, or Vicia faba were used. Among the test systems suitable
for toxicity monitoring, the A/lium-test is well known and commonly used in
many laboratories. Results from the Allium-test have shown a good agreement
(Fiskesjo, 1985) with results from other test systems, eukaryotic as well as
prokaryotic. As a genotoxicity test, the Allium-based assay of chromosome
aberration in anaphase—telophase is for many reasons especially useful for the
rapid screening of pollutants posing environmental hazards. In addition, a good
toxicity indicator is given by the mitotic index. In Table 1 our results of A//ium-
test application for the environment quality assessment are briefly summarized.
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TABLE 1. Allium-test application for the environment quality assessment

Site

Contamination

Results

Radium production
industry storage cell
territory, Komi

Republic, Russia

Underground nuclear
explosion site, Perm
region, Russia
Radioactive waste
storage facility,

Heavy natural
radionuclides and

chemical pollution

Radionuclides

Radionuclides and
chemicals

All water samples caused a significant
increase in the chromosome aberration
frequency. Genotoxic effect was a result of
chemical toxicity mainly (Evseeva et al.,
2003)

%Sy significantly contributes to the
induction of cytogenetic disturbances
(Evseeva et al., 2005)

All water samples caused a significant

increase in the chromosome aberration

Obninsk, Russia frequency. Genotoxic effect was a result of
chemical toxicity mainly (Oudalova et al.,
2006)

Upper Silesian Coal Heavy natural All water and sediment samples caused a

Basin, Poland radionuclides and significant increase in the chromosome

chemical pollution aberration frequency. Ra, Ba, Sr, and Cu
contribute significantly to the induction of
cytogenetic disturbances

Radionuclides

Semipalatinsk Test Data analysis in progress

Site, Kazakhstan

As an illustration of the A/lium-test application, the frequency of aberrant
cells in root meristem of bulbs, grown on sediment sampled from the post-
mining areas of the Upper Silesia, is presented in Figure 1. Cytogenetic damage
to meristem cells of 4. cepa is evident in all noncontrol variants (1-4) which
are significantly higher than the control value of variant 5. So, the clear
genotoxic effect of sampled sediment is shown. Also, an important contribution
of such severe types of cell damage as chromosome bridges and laggings is
demonstrated.

Concentrations of 12 heavy metals and 4 radionuclides were measured in
the sediments. All samples contained extremely high concentrations of Ba,
5-50.5 times over the maximum permissible level. In variants 3 and 4,
concentrations of Ba, Cu, Mn, and Zn were above the permissible limits.
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Figure 1. Aberrant cells frequency in root meristem cells of Allium cepa, grown in sediment
sampled from the post-mining areas in the Upper Silesia, Poland. Sampling variants: 1: under-
ground galleries, 2—4: settling ponds, 5: control.

Specific activities of radium nuclides in the samples from the underground
gallery (variant 1) and the bank of the Rontok pond (variant 2) were over the
corresponding values of the minimum significant specific activity. Key pollutants
governing biological effect observed were revealed, through an adaptation of
mathematical and statistical techniques of multivariate analysis, including
correlation analysis, step-by-step inclusion or exclusion of essential predictors,
and multivariable linear regression. From preliminary assessments, the best
model to describe an aberrant cell’s occurrence in root meristem cells of A.
cepa germinated on the sediment sampled is:

Y (%) =(3.32 £ 0.28) — (0.104 £ 0.009) - [Cu] + (2.10 £ 0.18) - 10* - [Ba] +
(4.94 + 0.46) -10™ - [Ray] where [Cu] and [Ba] are concentrations of chemical
elements in soil, in mg/kg; [Ray] is total specific activity of radionuclides
analyzed in soil, in Bq/kg; the determination coefficient R* = 60.2%; Fisher
statistics /' =49.5.

The other possible way to assess the quality of the environment is the use of
plants directly growing in contaminated sites. This approach is particularly
useful for assessing long-term ecotoxical effects induced by chronic low-dose-
rate and multipollutant exposure at contaminated sites. Up to now we have
known little about responses of plant and animal populations to environmental
pollutants in their natural environments. Although radionuclides and heavy
metals cause primary damage at the molecular level, there are emergent effects
at the level of populations, nonpredictable solely from the knowledge of
elementary mechanisms of the pollutants’ influence. The usefulness of data
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gathered both in laboratory-based studies and field-based monitoring observations

may, therefore, be significantly affected by our present lack of knowledge in this
area of environmental research. Previously completed and ongoing field studies
on biological effects in different species of wild and agricultural plants are
briefly summarized in Table 2.

TABLE 2. Field studies on wild and agricultural plants

Species Site and time Contamination Assay and/or end points
Winter rye and 10 km ChNPP zone Radionuclides Morphological indices of
wheat, spring (11.7-454 MBg/m?), seeds viability, cytogenetic
barley and oats  1986—1989 disturbances in intercalar
and seedling root meristems
(Geras’kin et al., 2003a)
Scots pine, 30 km ChNPP zone Radionuclides Cytogenetic disturbances in
couch grass (250-2690 uR/h), 1995 seedling root meristem
(Geras’kin et al., 2003b)

Scots pine Radioactive waste Mixture Cytogenetic disturbances in
storage facility, needles intercalar and
Leningrad Region, seedling root meristems
Russia, 1997-2002 (Geras’kin et al., 2005)

Wild vetch Radium production Heavy natural Embryonic lethals,
industry storage cell, radionuclides cytogenetic disturbances in
Komi Republic, Russia and chemical seedling root meristem
(73-3300 pR/h), 2003 pollution (Evseeva et al., 2007)

Scots pine Sites in the Bryansk Radionuclides Cytogenetic disturbances in
Region radioactively seedling root meristem,
contaminated in the enzymatic loci
Chernobyl accident polymorphism analyses
(4512344 kBq/m?),

2003-2006

Scots pine 10 km ChNPP zone Radionuclides Morphological

(1100 uR/h), 2004 modifications in pine
needles, cytogenetic
disturbances in seedling
root meristem

Koeleria Semipalatinsk Test Site,  Radionuclides Cytogenetic disturbances in

gracilis Pers.,
Agropyron
pectiniforme
Roem.

et Schult.

Kazakhstan (74-3160
uR/h), 2005-2006

seedling root meristem
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With each passing year since the Chernobyl accident of 1986, more ques-
tions arise about the potential for organisms to adapt to radiation exposure. It is
often thought to be attributed to somatic and germline mutation rates in various
organisms. Research into the mechanisms of plant adaptation to environmental
stresses and increased radiation levels still lags far behind many other areas of
plant molecular biology. Adaptation is a complex process (Kovalchuk et al.,
2004) by which populations of organisms respond to long-term environmental
stresses by permanent genetic change. Studies of multiple generations exposed
to radiation were rarely undertaken due to the difficulties of creating a suitable
model to study the effects of chronic exposure. While limited in number, these
radioecological studies have attracted a great deal of interest in the question of
how organisms adapt to ionizing radiation. In 1987-1989, an experimental
study on the cytogenetic variability in three successive generations of winter
rye and wheat, grown at four plots with different levels of radioactive
contamination, was carried out within the 10 km ChNPP zone (Geras’kin et al.,
2003a). In the autumn of 1989, aberrant cell frequencies in intercalary meristem
of winter rye and wheat of the second and third generations significantly
exceeded these parameters for the first generations (Figure 2). In 1989, plants of
all three generations were maintained in the identical conditions and accu-
mulated the same doses, which is why the most probable explanation of the
registered phenomenon relates to a genome destabilization in plants grown from
radiation-affected seeds. Such detailed analysis of several generations of plants
exposed to radiation provides some insight into possible mechanisms of plant
adaptation to chronic radiation exposure. It relates to higher-order ecologic
effects, as well as to contaminant-induced selection of resistant phenotypes.
From these viewpoints, the results observed in this study and indicating a
threshold character of the genetic instability induction may be a sign of an
adaptation processes beginning. That is, the chronic low-dose irradiation
appears to be an ecological factor creating preconditions for possible changes in
the genetic structure of a population.
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Figure 2. Aberrant cells frequency in three successive generations of winter rye and wheat,
grown on contaminated plots within the 10 km ChNPP zone (Geras’kin et al., 2003a).

The adaptation processes in impacted wild plant populations were also
investigated within the framework of other studies. The results of these experi-
ments indicate (e.g., see Table 3) that an increased level of cytogenetic distur-
bance is a typical phenomenon for plant populations growing in areas with
relatively low levels of pollution.

TABLE 3. Aberrant cell frequency in seedling root meristem of Scots pine growing in the
Bryansk Region of Russia, radioactively contaminated as a result of the Chernobyl accident

Test site 137Cs contamination density Dose rate  Aberrant cells (mean * SE)
(kBg/m?) (mGy/year) (%)
2 2003 2004

Reference - 0.14 0.90 +0.09 0.88 + 0.09
VIUA 451 740  147+0.15° 1.59+0.14°
Starye 946 15.3 1.32£0.12° 1.37+0.14°
Bobovichy

Zaborie 1 1730 28.3 1.69+0.17° 1.67+0.17°
Zaborie 2 2340 37.8 1.63+0.15° 1.68+0.17°

Seeds were collected in 2003 and 2004
*Absorbed doses are estimated for y- and p-radiation
"Difference from the reference population is significant, P < 5%
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In the period 19491963, 116 air and ground-surface explosions for nuclear
and hydrogen bomb testing was carried out in the Semipalatinsk Test Site. A
study of Koeleria gracilis Pers. populations, a typical wild crop for Kazakhstan,
showed that not only did the total frequency of cytogenetic disturbances
increase significantly with the dose rate measured in sampling points (Figure 3),
but that the relative contributions of such severe disturbances as double (chro-
mosome) bridges and tripolar mitoses increased as well.
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Figure 3. Frequency of aberrant cells in coleoptiles of Koeleria seedlings.

Forest trees have gained much attention in recent years as nonclassical model
eukaryotes for population, evolutionary, and ecological studies (Gonzalez-
Martinez et al., 2006). Because of low domestication, large open-pollinated
native populations, and high levels of both genetic and phenotypic variation,
they are ideal organisms to unveil the genetic basis of population adaptive
divergence in nature. In the field study (Geras’kin et al., 2005), Scots pine
populations were used for an assessment of the genotoxicity originating from an
operation of a radioactive waste storage facility. Specifically, frequency and
spectrum of cytogenetic disturbances in reproductive (seeds) and vegetative
(needles) tissues sampled from Scots pine populations were studied to examine
whether Scots pine trees have experienced environmental stress in areas with
relatively low levels of pollution. The temporal changes of the cytogenetic
disturbances in seedling root meristem from 1997 to 2002 are shown in Figure 4.
There are essential differences between these relationships for the reference and
impacted Scots pine populations. Statistical analysis revealed (Geras’kin et al.,
2005) that cytogenetic parameters at the reference site (Bolshaya Izhora) tend to
follow cyclic fluctuations in time, whereas in technogenically affected
populations (“Radon”, LWPE, and Sosnovy Bor) this relationship could not be
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revealed with confidence. Thus, man-made impact in this region is strong
enough to destroy natural regularities.
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Figure 4. Aberrant cells percentages in seedling root meristem of Scots pine trees in dependence
on year and their approximation by the best models. 1: linear model, 3 and 4: polynomial models
of the third and fourth degrees, correspondingly.

Pollution is well-documented selective force (Breitholtz et al., 2006), which
has been found to induce metal tolerance in plants, pesticide resistance in
insects, and pollution tolerance in a variety of aquatic organisms. To study
possible adaptation processes in impacted plant populations, a portion of the
seeds collected were subjected to an acute y-ray exposure (Geras’kin et al.,
2005). The seeds from the Scots pine populations experiencing man-made
impacts showed (Figure 5) a higher resistance than the reference ones. Al
though the picture of adaptation is far from complete, there is convincing proof
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(Shevchenko et al., 1992) that the divergence of populations in terms of
radioresistance is connected with a selection for changes in the effectiveness of
the repair systems.
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Figure 5. Aberrant cell frequency in root meristem of Scots pine seedlings grown from seeds
sampled in the Leningrad Region in 1999-2001 and exposed to an acute y-ray dose of 15 Gy.
1: Bolshaya Izhora (reference), 2: Sosnovy Bor town, 3: “Radon” LWPE.

It is well known (Macnair, 1993; Rajakaruna, 2004) that genetic adaptation
in plant populations to extreme environmental conditions can take place quite
rapidly, even within a few generations. But this rule does not apply to all the
cases. A study of the wild vetch (Vicia cracca L.) population for more than 40
years inhabiting a site with an enhanced level of natural radioactivity has shown
that transformations of genetic structure of the population are still ongoing. In
this site, both low doses of external exposure and incorporated heavy natural
radionuclides have significant effects on the variability in plant populations and
their potential for an adaptation (Evseeva et al., 2007). External exposure
appears to be, as a selection factor, increasing the frequency of embryonic lethal
mutations (Table 4). In addition, in contrast with (Geras’kin et al., 2005), the
acute y-irradiation has demonstrated that seeds from the experimental popula-
tion show rather high radiosensitivity. In a special study, the inherited character
of this phenomenon was established (Alexakhin et al., 1990). These findings
remain to be investigated, but at this point some speculation could be made.
A specific radioecological situation within the uranium-radium anomaly, where
a decisive role is played by a-emitters, is probably the cause of this amazing
phenomenon. However, the mechanisms involved in this plant response are still
unclear.
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TABLE 4. Embryonic lethal and chromosome aberration frequency in seedling root meristem of
wild vetch inhabiting the site with enhanced level of natural radioactivity (Komi Republic)
(Evseeva et al., 2007)

Dose rate Chromosome Embryonic lethals
(uR/h) aberrations (%)
frequency (%)
Reference 9 0.80 £ 0.07 24.62+2.12
Plot 1 3300 1.33+£0.12* 33.63 £23.32°
Plot 2 2400 1.00 £+ 0.09 35.38 £2.06"
Plot 3 758 0.87+0.10 25.17+2.24
Plot 4 73 0.98 +£0.10 24.60 +2.08

Seeds were collected in 2003
“Difference from the reference population is significant, P < 5%

3. Conclusions

Findings presented here clearly indicate that an adequate environment quality
assessment cannot rely only on information about pollutant concentrations. This
conclusion emphasizes the need to update some current principles of ecological
standardization, which are still in use today. When assessing potential hazards
from radionuclide and chemical pollution for ecosystems, a harmonized ap-
proach based on ecotoxicology principles should be applied. At the first stage, it
is advisable to use biological testing that result in an integral assessment of
effects from all substances presented in the environment. If bioassays give
positive responses, a more detailed survey should be undertaken including
physical-chemical analysis, geochemical barriers, and study of migration
parameters of the contaminants for a certain landscape. An effective linking of
bioindication screening assays to well-established environmental pollution
monitoring is a way of improving and upgrading an existing system of public
and environment protection in order to meet requirements of consistency
between current scientific knowledge and decision-making processes.

A better understanding of the genetic aspects of population, community, and
the whole ecosystem responses to toxic agent’s exposure is vital to future
environmental management programs. The results described here provide
evidence that plant populations growing in areas with relatively low levels
of pollution are characterized by the increased level of both cytogenetic
disturbances and genetic diversity. Man-made pollution may influence an
evolution of exposed populations through a contaminant-induced selection
process. The long-term existence of some factors (either of natural origin or
man-made) in the plants’ environment activates genetic mechanisms, changing
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a population’s resistance to exposure. However, in different radioecological
situations, genetic adaptation to extreme edaphic conditions in plant populations
could be achieved at different rates. Such evolutionary effects are of special
concern because they are able to negatively affect population dynamics and
local extinction rates. These processes have a genetic basis; therefore, under-
standing changes at the genetic level should help in identifying more complex
changes at higher levels. Recent studies have shown (Whitham et al., 2006) that
heritable traits in a single species have predictable effects on community
structure and ecosystem processes. Therefore, we can begin to apply the
principles of population and quantitative genetics to place the study of complex
communities and ecosystems. Finally, in spite of the wealth of information
collected so far, much more still remains to be explained in order to fully
understand the basis of plant populations’ adaptation to a harmful environment.
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ANIMAL HEALTH AND ENSURE BUILDING MAINTENANCE
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Abstract: Agricultural integration within the integration of our country in the
European Union (EU) is an important aspect not only in political, but also in
economical, environmental, and educational terms. The agricultural built stock
no longer respond neither to the users requirements, nor to the new standards
and regulations regarding the animal welfare, environment protection, energy
saving and quality of the technological processes and products (Official Journal
of the EU/L001, 2003; Law Nr. 10, 1995). Basic knowledge about the inter-
dependence between technology and plants and animals, microbiology, and
physical phenomena must be put together in the functional design and layout of
the facilities, which also means requirements for: visual and esthetic quality,
environmental sustainability, demand for animal welfare and health, food
quality and safety, economical competitiveness, and other requirements.

Keywords: fungi, agriculture, livestock health

1. Introduction

Since the beginning of the 1990s, agriculture in Central and Eastern European
Countries has changed significantly. Despite vast natural resources, in terms of
area, agriculture has not been able to use this potential to its full extent. In spite
of huge efforts, restructuring agriculture and the food industries is far from
being complete.
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Accession of the Central and Eastern European Countries will increase the
European Union (EU) agricultural area by 45% and the population by 28%
(Official Journal of the EU/C085, 2003). The agricultural sector in Romania
underwent significant change since transition started in 1989. General agri-
cultural production has fluctuated and livestock production fell substantially.

A recent study made in Transylvania, related to the existing construction
solutions in dairy farming, emphasizes a large diversity of buildings and interior
arrangements. They were differentiated in function of the designed technological
solutions used by the farmers, the level of the feeding and disposal mech-
anization, solutions that in the majority of the cases do not respond to the inter-
dependence of the functional factors.

These constructions represent the “built stock”™ of former collective and state
farms. Most of them were privatized during the last 16 years, but in many cases,
the buildings have suffered severe degradation.

The inside climate is highly influenced by construction elements that have
direct contact with the outside environment. The total surface area of these
elements represents the envelope, which determines the heat and mass transfers
between the inside and outside environment. The inside climate affects the
properties of the building envelope via its effect on condensation of the air
creating special climate conditions. In long run, the presence of high con-
centrations of aggressive gases (like ammonia) might be more important in
combination with moist air via their effect on the degradation of the building
materials which finally leads to the deterioration of their insulating effect.
Furthermore, the presence of unwanted climate conditions and wet surfaces are
ideal conditions for all kind of respiratory diseases to break out. Pathogens and
parasites, spread in this way, find an ideal breeding place inside the wet building
materials where they can enhance the degradation process. Therefore, in this
study, the state of the envelopes of several cow barns was determined by
mineralogical analysis, biological analysis, and by investigations of the relation
between the inside and outside climate under winter conditions.

The quality of agricultural buildings are affected by the balance between the
investment price, technological facilities, and production costs, together with
the personnel requirements, and livestock needs as users of these constructions.

2. Results and Discussion

The quality of agricultural buildings, including their envelope elements,
constitutes the basis of a new approach to evaluating the value of buildings
affected by aggressive environmental conditions. This evaluation can be com-
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bined with resource conservation, economic development, and pollution
reduction, as the main instruments in assuring users’ requirements.

The “aggressive environment” problem was often treated as an old, complex
but accidental issue, of short duration. However, it has become more and more
a current problem of old agricultural buildings, with increasing technical and
economic importance and implications.

For the animal houses this is a result of the technological processes and
poor maintenance. The aggression is manifested not only upon the animals and
plants, but also on the building stock placed in the same area; by the appearance
of some significant degrading phenomena of the built environment. The biotic
system has specific environmental needs and its production and well-being will
be influenced by the environment. At the same time, the biotic system will
strongly influence conditions within the air space of the construction as shown
in Figure 1.

From the analysis of all the requirements referring to comfort, animal
welfare, security, and sustainability, results their interdependence and their
continuous evolving transformation.

The “aggressive environment” existing inside animal shelters as a result of
the biological and technological processes submit in some cases the construction
elements to strains with negative effect upon the animal’s health and implicit
upon the production and personnel.

Within the building there are a number of moisture sources such as moisture
from the animals and their physiological mechanisms, evaporating forage and
manure moisture, open water tank, cleaning solutions, and other technological
processes. The building volume exchanges air to and from outside environment.

There are now many numerical models to describe heat and moisture
transfer within the building envelope. Generally, these models are developed
for buildings used by people and are centered on the performances of the various
layers of the building envelope.

On the other hand, for barns housing dairy cow and other species of farm
animals, several other physical processes are involved, in direct relation with
the metabolic process, animal age and weight, housing, and ventilation
(Albright, 1990).

The automatic surveying system used for the climate control experiment
consists of several transformers attached to measuring and transmitting stations
and a central survey station. The signal transmission is made with radio channels.
It can assure the configuration of some alarm and signal barriers in case of
exceeding the admissible limit values for moisture.
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Figure 1. Factors that influence inside conditions of agricultural buildings.

The measuring and transmitting stations and transformers were placed:
inside the building on the exterior wall at the animal level in lay down position
(~80 cm high), with sensors for moisture and inside air temperature
measurement; and outside the building at the same level, with sensors for the
determination of air temperature, humidity, and wind velocity. The soil
temperature and global radiation were not used in this experiment, but were

automatically registered by the station.

The measurements were carried out between 7 and 13 January 2006 in the dairy
cow barn of the experimental farm of the University of Agricultural Sciences and
Veterinary Medicine. Significant variations of temperature and humidity were
registered both inside and outside the building. In Figure 2, as examples, the
values of temperature and humidity from 12 January are illustrated.
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Figure 2. Example for inside and outside air temperature and relative humidity, measured on 12
Jan. 2006.

During the cold season, the values for relative humidity are very high. This
implies that the condensation was unavoidable most of the time. The increasing
air temperature during the day together with the effect of solar radiation on the
envelopes surface determines the reduction of atmospheric humidity. The fog
phenomenon and the condensation observed inside the cow barn during the
measuring period can be explained in light of the specific indoor conditions. As



334 MANAGEMENT OF AGRICULTURAL BUILDINGS

the standard calculation values of relative humidity of the exterior air are 85%
for the cold period and for the whole territory of Romania, the data registered
during the experimental measurements emphasize important differences between
the real situation and the standard calculation hypothesis.

The ammonia, present inside the shelters, as a result of decomposing man-
ure, reacts with the walls, floors, roof, and the resistence structure.

The sulphate ions appear due to the biological decomposion of organic
substances containing protein. This explains the corosion when sulphate ions
are present on the part of the building that comes in contact with the ground.

The chlorine ions and the chlorides enter the waters after separating from
the natural fertilizer and manure (the waters that surround the manure platforms
contain 700—1000 mg/L chlorine). Sulfuretted hydrogen (H,S;) appears because
of the decomposition of organic substances from the animal wastes. This com-
pound also has a limited corosive effect on concrete, while the reinforcements
can be intensely corroded forming iron sulphide (FeS) in the case when the
concrete cover is too thin.

As a result of applying desinfecting and washing substances, alkaline
substances appear (pH > 7) with negative effects upon construction materials.
To all these is added the high relative humidity (frequent values higher than
85%) that facilitates the appearance of condensation.

Samples of material (2 cm by 3 cm) were taken from inside the building
used for cattle breeding, from floors and walls, to study the degradation causes
of concrete and plasters. Slices of 0.02-0.03 cm thickness were prepared and
glued with Canada balm on glass slabs. At this thickness most of the substances
are transparent. The samples were then analyzed under a polarizing microscope
(Yenapol-U type) and compared in the Mineralogy Laboratory with similar
samples taken from unused new materials (concrete and cement plaster).

Fresh, unused concrete is an artificial material obtained after the drying and
strengthening of a well-homogenized mixture of cement, gravel, and water. Its
microscopic structure and consistence is heterogeneous (Figure 3a). Concrete
degradation was detected under diverse forms of recrystallizations, as the
aggressive agents from the exterior environment acted on the concrete rock
(Figure 3b):

e The aggresive ions reacted with the cement replacing the positive ions of

calcium (Ca®"), new reaction products without binding properties appear.
This type of corrosion is caused by acid solution, salts, and strong alkali.

e On large concrete surfaces the corrosion by expansion due to the
formation of some salts that crystallize with a great amount of water,
destroys the stiffened cement because of the volume increase. The
concrete is distroyed by the accumulation of expansive salts.
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e The aggregates used to prepare the concrete were not affected by the
aggresive agents.

(a)

Figure 3. Microscopic image of concrete samples in polarized light, showing the degradation
stage of the floor: (a) unused concrete material and (b) sample from the concrete floor.

Newly made mortar is an artificial, solid, and homogenous mixture of
fine sand, cement, and water. Under the polarizing microscope, a sample slice
(Figure 4a) revealed a relatively homogenous microgranular material, which
consists of quartz granules of small size but variable shape and a matrix with
amorphous aspect. The samples from the interior plaster of the exterior and the
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inside walls (Figure 4b), show that the corrosive process is indicated on plaster
but not on bricks. The plaster with 3.5 cm thickness made with fine aggregates,
favored the water infiltration through capillary action.

(a)

(b)

Figure 4. Microscopic image in polarized light showing the degradation stage of the wall plaster:
(a) unused mortar material and (b) sample from the wall plaster.

The plaster detachment from the bricks surfaces is caused by the low
temperatures during the cold season, when around doors and window frames
were measured negative temparatures. The frost—defrost phenomena associated
with the aggresive action of the environment leads to their degradation.
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Inside the construction, the microbiocenosis, favored by the environment
are extremely complex and heterogenous.

Using prepared cultures in the phytopathology laboratory from the material
sampled (concrete and plaster) from walls and floor, eight species of saprophyte
fungus and one species of nematode were identified.

Alternaria tenuis and Cladosporium herbarum — from Dematiaceae Family,
are characterized by a white-gray mycelium that form brown conidiophores,
simple, or branched. Macroscopically, the mycelium formations and the fruit
forms appear as a velvet shape that proliferates and maintain a high rate of
humidity into the affected zone.

Aspergillus niger, Botrytis, Penicillium, and Stemphilium — from Muce-
dinaceae Family, with a white-gray mycelium that develops characteristic
spores, extremely numerous, that release a colorless powder mycelium, or
colored, with effects in time on respiratory system of animals and personnel.

Giberella — from Tuberculariaceae Family has a simple or branched and
heterogeneous unicellular spores, or multicellular white-pink colored and diff-
erent sizes.

Rhizopus nigricans — from Mycelia Sterilia Order is characterized by
abundant white-gray mycelium filaments that create a massive wool appearance
on the infected surface.

Ditylenchus — from Tylenchidae Family that register tiny cylinder worms
with oblong bodies of 1.0-2.5 mm, thinned at the ends, transparent white-
yellow colored, covered with a ringed cuticle under which there is a stratum of
longitudinal muscular cells and at the surface, projections, and thorns.
Generally, these nematodes arrive inside the specific microbiocenosis of the
animal houses within the forage and straws.

The humid environment existing in the tested areas is favorable to the
development of microorganisms that cause the degradation of construction
materials.

3. Conclusions

The design of animal shelters that can assure the optimum necessary conditions
is essential for developing a normal, physiological life inside the buildings. The
internal climate conditions as: temperature, relative moisture, and ventilation
are determinant factors for obtaining high animal productions. The correct
sizing of the closing peripheral elements, from the building physics point of
view, associated with proper ventilation maintain the environment between
normal limits at all parameters.

The humidity regime of the construction elements is closely tied with
their thermal regime. Due to the increasing of the humidity rate, the thermal
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conductivity increases, the thermal resistance decreases, reducing the animal
welfare, and raising the exploitation costs.

Although the animal breeding farms do not represent an immediate risk in
the environment domain, their special conditions of exploitation, technologies,
waste disposal, and microclimate conditions may contribute to accumulations of
polluting factors that need to be long-term monitored.

A better integration of both agricultural buildings and quality of life in
environmental policies is still an open issue. This requires consistent reporting
and appropriate indicators to support evaluation and adjusting public envi-
ronmental security and health action plans for reducing and preventing these
risks.
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25. WHICH HUMAN AND TERRESTRIAL ECOLOGICAL
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Abstract: Base-metal smelters, which operated more than 100 years ago and may
continue to operate, are found in many countries. These smelters have released
sulfr dioxide (SO,) and metal particulates (e.g., arsenic, cadmium, copper, nickel,
lead, and zinc) into the local and regional environment. Human health risk
assessments (HHRAs) and ecological risk assessments (ERAs) are required by
contaminated site regulatory programs in many countries. Regional- or landscape-
scale risk assessments are nearing completion for areas surrounding several of
these smelters in Canada, the USA, and Europe. Valued ecosystem components
(VECs) that were assessed in the terrestrial components of the ERAs are similar
to those assessed in any terrestrial ERA, including plant communities, soil
invertebrate communities, birds, and mammals. Results from completed ERAs
clearly illustrate which VECs are most at risk. Although the emissions histories,
ecosystems, metals, and VECs may be different, the conclusions are similar; plant
communities are most at risk around smelters, and impacts to plant communities
can have an impact on wildlife due to changes in habitat. In transition countries,
such as Romania, the focus remains on human health impacts. Results from an
HHRA conducted for a lead smelter in Romania are consistent with those for a
lead smelter in Canada and results from smelters from other countries. Children
are most at risk from ingestion of deposited dust from airborne emissions from
lead smelters, but also from soil ingestion and dust inhalation. This can be
monitored via a program to measure blood lead levels in young children. Various
programs can be implemented to decrease exposure of children to metals around
smelters. In addition, improvements in human health, plant communities (and
wildlife habitats) can be made through the decrease in SO, and metal emissions.
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1. Introduction

Many of the base-metal smelters (e.g., copper, nickel, lead, and zinc) around the
world, which are currently operating or recently closed, operated for over 100
years. Environmental practices and regulations have changed dramatically over
this time. However, only recently have these sites been subject to formal envi-
ronmental assessment. The purpose of these assessments is to identify the
human health and ecological risks and impacts, and focus remediation activities
to address these impacts.

A large number of different groups of people and terrestrial ecological
organisms may be exposed to contaminants released from smelters, including
adults and children living nearby, or in specific communities; trees and other
plants, including fruits, vegetables, and lichens; soil organisms and insects; and,
birds and mammals.

Assessing human health and ecological risks around a smelter is com-
plicated by the large geographic area which often has been affected; the
different exposures for people and wildlife living in different areas (relative to
the prevailing winds, habitats, types of food grown or eaten, etc.); and, the fact
that exposure can be to contaminants in air, water, soil, dust, and food.

Environmental assessments for smelters in countries such as the USA and
Canada are multiyear, multimillion dollar studies. A review of these studies has
allowed the identification of priority health and ecological issues, the data that
contributed most to remediation decision making, and potential mitigation stra-
tegies. This information can contribute to focused evaluations around smelters
in transition countries, where resources are limited, to ensure the most impor-
tant issues are addressed in the most cost-effective manner.

2. Priority Human Health Issues around Smelters

2.1. PEOPLE AT GREATEST RISK AND DOMINANT EXPOSURE PATHWAYS

Human health risk assessments (HHRAs) estimate risks to adults and children,
males and females, and sensitive subgroups of the population. However, children
often are the most at-risk group, due to their higher exposure and greater sen-
sitivity to contaminants. Children generally eat and breathe more than adults,
on a body weight normalized basis; children may incidentally or intentionally
consume more soil than adults; and, children are still growing and developing,
making them more sensitive to contaminants.
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Risk assessments assess exposure from multiple media and via several
exposure pathways (Figure 1). Typically, exposures from ingestion of drinking
water, soil, dust, and food are assessed. Dermal and inhalation exposures also
are included in the assessment.

Figure 1. Contaminated media and exposure pathways by which humans may be exposed to
contaminants released from a smelter.

While a smelter is operating, significant exposure may occur via ongoing
emissions (ingestion of recently deposited dust, inhalation of lead in air, etc.).
After a smelter is closed, ingestion of soil and remnant dust is the main contri-
butor to risk at most metal-contaminated sites (US EPA, 2004). The estimated
relative contribution of various exposure pathways and media to overall
exposure may differ depending on the metal, whether local drinking water is
contaminated, and whether concentrations in the food supply (termed “market
basket” exposures) are taken into account in the exposure assessment.

It may be important to distinguish between the contributions of soil and dust
to overall human exposure. However, this is difficult to do in human monitoring
programs. The obvious tendency is to focus most attention on soil; remediation
programs in the past generally have involved the large-scale removal of soil
from a community. However, soil is coarser and more weathered than dust.
Dust is finer and generally the metals in dust are more bioavailable than those
in soil. Therefore, people may receive greater exposure via ingestion of metals
in dust than soil. Around several smelters, blood lead levels decreased when
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emissions decreased (i.e., lower lead concentrations in air and lower dust load-
ings) even though no soil removal or remediation was implemented:

e In Trail, British Columbia, an 80% reduction in airborne emissions in 1997
resulted in a reduction of ~50% in average blood lead levels in children
under 5 years of age within 2 years (Hilts, 2003).

o After the closure of the Cockle Creek smelter site in New South Wales,
Australia in 2003, there was a decline of ~40% in mean blood lead levels in
children under 3 years of age in 1 year (NSW Health, 2005).

o After the closure of the smelter in Noyelles-Godault, France in 2003, there

was a ~30% drop in average blood lead in 1 year (Declercq and Ladriere,
2004).

The relationship between lead concentrations in air and the percentage of
children with blood lead levels exceeding 15 pg/dL around the lead or zinc
smelter in Trail, British Columbia, Canada is illustrated in Figure 2.
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Figure 2. Percentage of children with elevated blood lead levels relative to lead concentrations
1n airr.

In summary, experience around several smelter sites shows that children are
most at risk, and that exposure to dust (where smelters are still operating) and
soil are the main contributors to risk. However, it also may be important to
consider other exposure pathways and media (e.g., ingestion of drinking water
and food) when assessing risks to people.
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2.2. KEY DATA TO ASSESS HEALTH RISKS

The critical aspect to assessing health risks is to characterize exposure as
accurately as possible. Biological monitoring tools are available for some
metals. Urinary arsenic levels in adults and children may be monitored where
elevated arsenic concentrations are a concern. Blood lead monitoring of child-
ren may be conducted around lead smelters. These monitoring techniques are
standard, relatively simple, and provide better indications of exposure than
other modeling methods.

An understanding of the bioaccessible fraction of metals in soil or dust also
contributes to a more accurate exposure assessment. The bioaccessible fraction
is the mass fraction of a substance that is converted to a soluble form, and is
therefore potentially available for uptake, under conditions of the external part
of the membrane of interest. If one is evaluating bioaccessibility via the oral
route, it is the fraction of a substance that becomes solubilized within the
gastrointestinal tract (i.e., stomach and small intestine). The analytical methods
to determine the bioaccessible fraction in vitro are still being developed and
validated. Efforts to validate in vitro methods against animal models have to
date focused on arsenic and lead (Ruby et al., 1996, 1999; Rodriguez and Basta,
1999; Kelley et al., 2002).

It also is important to understand other sources of exposure to metals
to which people may be exposed, in addition to smelter-related emissions. For
example, metal concentrations in a drinking water source (whether natural or
anthropogenic) can significantly influence health risk predictions.

In summary, a meaningful assessment of health risks should consider
methods to more accurately assess exposures, from both smelter- and nonsmelter-
related sources.

3. Priority Terrestrial Ecological Issues around Smelters

3.1. TERRESTRIAL ECOLOGICAL RECEPTORS AT GREATEST RISK

Terrestrial ecological risk assessments (ERAs) assess risks to plants, inver-
tebrates, birds, and mammals. Most metals do not biomagnify; therefore, birds
and mammals at lower trophic levels are more at risk than top carnivores.
Lower trophic level organisms that often are assessed include small mammals
(e.g., mice, shrews, voles) and songbirds. These organisms frequently also have
small home ranges, and thus may be exposed to elevated concentrations of
metals in soil near the smelter.

Birds and mammals are assessed via modeling of exposure to metals in soil,
water, and food. Exposure from water rarely contributes significantly to total
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risk. Rather, exposures from incidental ingestion of soil and ingestion of food
are the main contributors to risk. Incidental ingestion of soil is a particular
concern for wildlife that forage on the ground and that consume significant
quantities of earthworms. Wildlife that consumes earthworms and other soil
invertebrates are at greater risk than herbivores (Beyer et al., 1985). Many metals,
such as lead, accumulate in roots of plants, but the lead is not translocated to
aboveground plant material (Pahlsson, 1989). Therefore, metal concentrations
in plants generally are lower than in soil invertebrates, particularly earthworms.

Plants are the most obviously adversely affected group, due to their expo-
sure and sensitivity to sulfur dioxide (SO,). Smelter technologies from 20-100+
years ago released high levels of SO,, which killed plants (trees, shrubs, herbs,
etc.) (Figure 3). SO, also resulted in acid rain, which may decrease soil pH,
resulting in increased bioavailability of metals. Declines in soil microbial
community activity (e.g., litter decomposition) and subsequent impairment of
soil development also contribute to impacts to plants.

Figure 3. Adversely affected plant community around a smelter.

Loss of plants can contribute to other ecological impacts. On hillsides, loss
of plants can lead to soil erosion. This loss of soil then inhibits revegetation
after emissions reduction. Changes in plant communities also result in changes
to wildlife habitat suitability. Loss of certain plant species, or changes in plant
community structure can cause a decrease in abundance of some species, and
increases in others (e.g., birds that prefer open habitats). Therefore, direct
impacts to plants can have indirect impacts on wildlife.
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3.2. KEY DATA TO ASSESS ECOLOGICAL RISKS

In contrast to HHRA, the critical aspect to assessing ecological risks is not
related to exposures, but rather to characterize existing impacts as accurately as
possible. The primary reason for this is that toxicological data in the literature
(particularly for plants and invertebrates) do not allow an adequate evaluation
of potential risks based on metal concentrations in soil, water, or tissues. Rather,
standard methods exist to evaluate impacts on plant communities directly, rather
than via modeling approaches.

Field surveys may be conducted of the plant communities, to assess para-
meters such as plant community structure, diversity, and presence of sensitive
species. In addition, parameters which influence plant communities may be
monitored, such as soil development, litter decomposition, condition of downed
woody debris, and soil parameters (e.g., nutrient and organic matter levels). All
of these parameters together give an indication of the naturalness of the plant
community, and the potential of the plant community to be self-sustaining.

4. Mitigation Strategies

When unacceptable human health or ecological risks are predicted or observed,
then various mitigation strategies must be considered and implemented to dec-
rease these risks or ameliorate these impacts.

The best mitigation strategy is to decrease the source of contaminants (i.e.,
decrease SO, and metal emissions from the smelter). This is becoming less of
an issue, as regulations require smelters to meet stricter emissions targets.

There are other approaches which can be used to reduce exposures of people
in the community to metals. These include: (1) decreasing the transport of metals
from off the smelter site and into the community (e.g., via vehicle washing), (2)
street washing, and (3) various dust control measures. In addition, education
plays a key role in reducing exposure, particularly for children (e.g., stressing
the importance of hand washing).

Monitoring for results of these exposure-reduction strategies is critical, so
that success of the program can be assessed. This allows particular focus on
cases where targets (e.g., blood lead levels) are not being met.

Regreening (restoration of plant communities) often requires soil amend-
ments (e.g., to raise pH, add nutrients, and organic matter), and may require
erosion control measures. Restoration of plant communities should be done
with human use and wildlife management (i.e., habitat suitability) in mind.
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5. Conclusions

Impacts from smelters have been dramatic in the past, especially related to
children’s health, and plant communities. However, improvements in health and
the environment are beginning to be seen around these sites. Source reduction is
the primary strategy. Then, many approaches can be used to decrease exposure
of people, particularly children, to metals. Restoration of plant communities can
assist with human exposure reduction as well as improving aesthetics and
wildlife habitat.
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Abstract: Metals are used in construction, automobiles, aerospace, electronics,
and other manufacturing industries as well as in paints, pigments, and catalysts.
Many metals accumulate in selective organs and tissues and therefore have
potential for chronic toxicity. Models may be used to predict environmental
distribution of metals for which available measurements must be considered.
Prevention of chronic toxicity remains a challenge for children exposed to
metals, particularly lead. New concepts like social marketing should be used to
decrease exposure to metals. Risk assessment is being employed in legislation
as a mechanism to establish responsibility to impose liability on those creating
risks to humans and the environment, to formulate and implement appropriate
measures to eliminate or control such risks, to decide what products should
be marketed, and to assess compliance with regulations. It is difficult to say
where risk assessment ends and risk control begins. Decision makers using risk
assessment must adopt criteria for establishing how much risk is acceptable,
taking into account the willingness of the public to tolerate the risks in return
for benefits.

Keywords: heavy metals; risk assessment/communication/management; policy decision
making; environmental rehabilitation

1. Introduction

We all know that the human environment consists of very basic elements:
(1) the air we breathe, (2) the water we drink, (3) the food we eat, (4) the climate
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surrounding our bodies, and (5) the space available for movement. In addition,
we exist in a social and spiritual environment, which is of great importance for
our mental and physical health.

The diverse and valuable physical characteristics of metals have resulted in
their extensive use in industry. Metals are used in construction, automobiles,
aerospace, electronics, and other manufacturing industries, as well as in paints,
pigments, and catalysts (Department of environmental health, 1991a, b; Tenorio
and Espinosa, 2001). Because of such widespread potential exposure, fami-
liarity with the toxicity of metals is critical for the health and safety of the
workers and of surrounding communities (Klein et al., 1994). Metals exert
biologic effects often through the formation of stable complexes with sulthydryl
groups and other ligands (LaDou, 1990). These binding properties also form the
basis for chelation therapy in the treatment of metal toxicity (LaDou, 1990).
Toxicity varies with the physical form of the metal, which is the major con-
sideration of this paper (LaDou, 1990; Stroebel, 1992).

Metals are stable, which explains their wide use in structural materials and
their pervasiveness in the environment (Morlot, 1994; Pyatt, 2001). Many
metals accumulate in selective organs (Gonzalez-Reimers et al., 1999) and
tissues and therefore have the potential for chronic toxicity (Bae et al., 2001).
Metals are rarely used in their pure form, usually being present in alloys. They
may be bound to organic materials which alters their physical characteristics
and toxicity (Hamel et al., 1999).

There are different sources of exposure for different types of metals, such
as: in Mexico, traffic for lead (Romieu et al., 1992) and industry for heavy
metals (hot spots) (Gurzau et al., 1995); in the USA, lead in paint (Squinazi,
1994), lead in soil in Colorado and Butte, Montana (Department of envi-
ronmental health, 1991b); in Chile, China, Inner Mongolia (Aposhian et al.,
2000), and Romania, natural arsenic in underground water and drinking water
(Gurzau et al., 2001); in Egypt, lead in freshwater macroinvertebrates (Canivet
et al., 2001); in Hungary, lead in paprika; and in developing countries, occu-
pational exposure and “hazardous pay” (Gurzau et al., 1995) (Table 1).

TABLE 1. Lead emissions of two smelters from Baia Mare, Romania

Year 1992 1993 1994 1995
Tons/year 80 60 15 7
Phoenix

Tons/year 500 300 160 40
Romplumb

Metals play a very important role in environmental health in Eastern and
Central Europe (Fabianova et al., 2000) as a result of both their widespread
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distribution at high levels in the environment and of the associated health
outcomes.

2. Risk Assessment of Heavy Metals

The process of risk assessment has wide application. It is being increasingly
employed in legislation as a mechanism to establish responsibility to impose
liability on those creating risks to humans and the environment, to formulate and
implement appropriate measures to eliminate or control such risks, to decide
what products should be marketed, and to assess compliance with regulations
(Health and Safety Executive, 1996). Generally speaking, assessing risk seems
to be simple, in principle. It involves identifying hazards or examining a
particular situation for adverse health effects, and, of course, assessing the
likelihood that the effect will actually be experienced by a specified population
including the kind of consequences to be observed (Staessen et al., 1992). The
overall objective is to determine how to manage the risk or to compare the risk
with other risks.

This paper will give examples of risk assessment in some countries in
Central and Eastern Europe, but mostly examples on risk control (the priori-
tization of risks and the introduction of measures that might be put in place to
reduce, or prevent, the harm from occurring).

Risk assessment as part of the sequence of a process for policy decision
making, consists of (Health and Safety Executive, 1996):

e Hazard identification which can be performed through epidemiological
studies, animal studies, in vitro tests, and biochemical activities and
structure activity relationships.

e Exposure assessment which is the determination or estimation (qualitative
or quantitative) of the magnitude, frequency, duration and route of exposure
and nature and size of the exposed population.

e Dose-response relationship.
e Risk characterization.

For metals which accumulate in the body or the environment past exposure is
very important. Exposure assessment has been defined by Committee E-47,
Biological effects and environmental fate of the American Society for Testing
Materials, as the contact with a chemical or physical agent. In the case of
metals, the magnitude of the exposure is determined by measuring or estimating
the amount of a metal available at the exchange boundaries, e.g., lungs, gut, and
skin, during some specified time (Bae et al., 2001; Lyngbye et al., 1990).
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Exposure pathways address how a metal moves from the source to the
exposed population or subject (Lundberg et al., 1999). It may result in an
estimation of the geographic and temporal distribution of concentration of the
metal in the various contaminated environmental media (Feng and Barratt,
1999). Models may be used to predict environmental distribution of metals
based upon available measurements (Table 2). In Baia Mare, Romania, the
distribution of lead in soil was estimated based on some measurements of lead
level in soil (Gurzau et al., 1995) (Figure 1).

TABLE 2. Lead concentration in air, Baia Mare, Romania

Year 1992 1993 1994 1995 1996
ug/m’ 7 7.8 4.1 13 2

m’ = cubic meter

A metal once released in the environment may be transported (e.g., through
the water or atmosphere), may undergo chemical transformation (Ground water
issue, 1995) (e.g., Cr VI-Cr Il in soil (Sheehan et al., 1991)) and generally may
accumulate in one or more media (soil, dust) (Gurzau et al., 1995). Metals also
can accumulate by being taken up by plants. Persistence of metals varies in
different media being very low in air, and high in soil and dust.
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Figure 1. A plot of isopleths of estimated lead concentration in soil based on measurements, Baia
Mare area, Romania.
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Measurements are used to identify releases and, in the pathways and fate
assessment, to quantitatively estimate both releases and environmental con-
centrations (Butler and Howe, 1999; Cabridenc et al., 1994; Morlot, 1994).
Measurements are direct sources of information for exposure analysis (Plomb
et environnement, 1994) (Tables 2 and 3). There are many methods to measure
metals such as atomic absorption spectroscopy (AAS) with graphite furnace
(GF), inductively coupled plasma (ICP) with mass spectrometry, anodic stripping
voltametry (ASV), KX ray fluorescence (perfect for soil — very low cost per
analysis, fast results) (Butler and Howe, 1999; Cabridenc et al., 1994). For some
media, measurement methods are time consuming, e.g., for measuring metals in
different particulate sizes in air (Gurzau et al., 1995). In general, the concen-
tration of some metals in natural drinking water, soil, and dust is little changed
over time (Gurzau et al., 1995). Arsenic concentrations were measured in drink-
ing water samples from deep underground wells in some villages in Arad
county, Romania (Lyngbye et al., 1990) (Table 3).

TABLE 3. The importance of quality control/assessment for measuring metal concentration in
different media

Locality Chisineu Cris Zerind Sepreus Ciumeghiu
Our analysis

AsY(ug/L + sp) 2.8 23.5+0.1° 29.1£0.7 87 +2°
As" (ng/L+sD) nd 5.0+0.3° 5542 T4+1°
Sum 2.8 29 84 161
Government data As

(ng/L) 6 42 99 171

*Drinking water in this area is obtained from a central water facility dug in 1976 that is 100 m deep
®This value is for water from the old well of this village

“By our analysis, the new well contained As" (46.8 +—0.7 ug/L) and As™

could not be detected

Concentrations of metals should be estimated for all environmental media
that might contribute to significant exposure. Sometimes an estimate of annual
average concentrations is sufficient (Aposhian et al., 2000) (e.g., natural As in
drinking water). It is important to quantitatively estimate the amount of the
metal from each exposure pathway (e.g., natural As from drinking water to
assess for other pathways to adjust for confounders such as food, occupational
exposure) (Aposhian et al., 2000, 2001) (Table 3).

When exposures involve more than one exposure route, the relative amounts
of a metal absorbed is usually route dependent (e.g. inorganic lead, respiratory,
and GI tract; organic lead, skin) (Loghman-Adham, 1997). Measurement of
lead concentration in air in Baia Mare region, Romania, pointed out high values
(Gurzau et al., 1995) (Table 2).
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Quality assurance or control for metals measurement in different media
should be a very important component in risk assessment of metals. A study
conducted by Aposhian showed important differences between two different
techniques for measuring arsenic concentration in drinking water from artesian
wells in Arad county, Romania (Aposhian et al., 2000, 2001) (Table 4).

TABLE 4. Urinary arsenic species (%)

Water (ug Inorg As MMAV MMA™ DMA (%)  Summation
As/L) (%) (%) (%) (%)
85.5 7 14 11 76 108
161.2 7 13 7 76 103
Literature 12-20 14 -18 63-70 89-108

MMAYV: monomethylarsonic acid; MMA™: monomethylarsnous acid; DMA: dimethyl arsenic acid

Epidemiological studies on heavy metals (Sargent et al., 1997) worldwide
are used for risk assessment and also as important information databases for
risk perception or communication as part of policy decision making. In spite of
the amount of data, there is a lack of unitary methodologies conducted on
comparable databases. There are many debates on whether epidemiological data
should or should not be used in policy decision-making processes (Corvalan
et al., 1999; Hertz-Picciotto and Brunekreef, 2001). In general, the traditional
concerns of environmental epidemiology have been the contamination of air,
water, and food. In some Eastern and Central Europe countries epidemiological
studies as part of hazard identification within the risk assessment process have
focused on heavy metals. One of the priorities in these countries is lead which
is a result of industry and an additive in gasoline.

In Romania many large populations are still being exposed at very high
levels of environmental lead because of the continued use of leaded gasoline,
the presence of old smelters still running, and mostly the lack of protection
from industrial processes, wastes and even consumer products (Gurzau et al.,
1995). Sometimes the policy relevance of epidemiologic data can be improved
through changes in the way results are presented (Hertz-Picciotto and Brunekreef,
2001; Hertz-Picciotto, 1999). As an example, the data from Zlatna case study,
mentioned above, may be considered too sparse to accurately determine dose—
response relationships or even to identify susceptible population subgroups,
therefore in a published paper the results might be criticized. However, that
type of information is highly relevant to policy decision-making processes.

A major priority in an epidemiological study is the choice of the population
selected for the study which will be identified as a result of the source and fate
studies. Populations, group of individuals with potentially high exposure should
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be identified. Also populations of higher susceptibility should be identified.
Children age 0—6 (Andrews et al., 1994; Lasky et al., 2001; NRC, 1993), preg-
nant women (Gurzau et al., 1995; Klein et al., 1994) and women in lactation
(Gurzau et al., 1995) are the most susceptible groups to lead poisoning. In
Copsa Mica, Romania higher blood lead levels were found in young children
and pregnant women (CDC, 1991) (Table 5).

TABLE 5. Blood lead level in children aged 7-11 Copsa Mica, Romania

PbL <10 10-15 15-30 30-50 50-70 70-100  >100

% 0 0 14.2 57.2 214 7.2 0
PbL: blood lead level; %: % of the investigated children

Biological measurements of human body fluids and tissues for metals can
be used to estimate current or past exposure to metals (Table 5). We can use bio-
markers of exposure which represent a xenobiotic or its metabolite, or the product
of an interaction between a xenobiotic agent and some target molecule or cell that
is measured within a comportment of an organism. The preferred biomarkers of
exposure for metals are generally the metals or substance-specific metabolites
in readily obtained body fluid or excreta. Biomarkers of exposure are very
specific for metals, as these are indestructible as compared to other substances
(e.g., aromatic hydrocarbon compounds) for which measurement of metabolites
is often needed (Pott et al., 2001). Metals are specific biomarkers of exposure,
but sometimes are very limited for assessing acute versus chronic exposure
(Isnard, 1994). Other times metabolites (like MMA™ — methylated inorganic
arsenic) are more important to assess exposure and toxicity (Aposhian et al.,
2000). Using research to identify more sensitive and specific biomarkers for
metal exposure should be a very high priority (Needleman et al., 1990). MMA™
in human urine of subjects exposed to inorganic arsenic was measured for the
first time in a study conducted by Aposhian (Aposhian et al., 2001) (Table 7).
As it was previously mentioned in Hungary, Slovakia, and Romania (Gurzau
and Gurzau, 2001) arsenic levels in groundwater sources tend to be higher than
in surface water sources (i.c., lakes and rivers) of drinking water (Wang et al.,
2001). In most drinking water sources, the inorganic form of arsenic tends to be
more predominant than organic forms. Inorganic arsenic in drinking water can
exert toxic effects after acute (short-term) or chronic (long-term) exposure.
Studies link inorganic arsenic ingestion to a number of health effects, including
cancer (Abernathy et al., 1999): skin, bladder (Cuzick et al., 1992), lung, kidney
(Surdu et al., 1997), nasal passages, liver and prostate cancer (Pott et al., 2001);
and noncancerous effects (Fabianova et al., 2000; Hopenhayn-Rich et al., 2000;
Lewis et al., 1999; Vahter and Concha, 2001): cardiovascular (Abernathy et al.,
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1999; Surdu et al., 1997, Wu et al., 1989), pulmonary, immunological, neuro-
logical (Gerr et al., 2000), and endocrine (e.g., diabetes) effects. Arsenic species
in human urine in Arad County, Romania, were measured in order to assess
arsenic toxicity (Aposhian et al., 2000; Gurzau et al., 2001) (Table 6).

It is possible to use models to predict a biomarker of exposure based on
environmental distribution (media concentration). Such a model is the United
States Environmental Protection Agency (US EPA) Uptake/Biokinetic Model
for Lead elaborated by US EPA. Research into the health effects of low-level
exposure to metals (Alexander et al., 1993; Brenner, 1996; Needleman et al.,
1990) continues to suggest that physiological alternatives may occur at levels
that previously had been considered safe ( Andrews et al., 1994; Schwartz,
1991).

TABLE 6. MMA™ in human urine of subjects from Arad, Romania, exposed to inorganic arsenic
from drinking water

Group Water(ug  Number in  Subjects having MMA™ in MMA" (ug/L
As/L) group  MMA™inurine urine(ug/11 h + SE) + SE)

A 28 14 0 nd nd

B 28.5 14 1? 12.0 438

C 85.5 14 4° 451 +£(7-14)  57+(nd-12)

D 161.2 16 5° 5.12 + (3-10) 6.9 + (nd-16)

1 male

°] male and 3 females
4 males and 1 female

Neurological and neuropsychological effects (Gerr et al., 2000; Jacqmin-
Gadda et al., 1996; Pococks et al., 1994), reproductive toxicity, teratogenicity
(Trombini et al. 2001) (including behavioral alterations (Balbus-Kornfeld et al.,
1995; McMichael et al., 1988; Munoz et al., 1993; Schwartz et al., 1994)),
and carcinogenicity (Hayes, 1997; Infante-Rivard et al., 2001) remain at the
forefront of current research. Medical surveillance and biological monitoring
programs are important for identifying the safe level of exposure (Table 7).

3. Integration of Risk Assessment in Policy Decision Making

In general, risk assessment can be scientific and objective which is not the case
for risk control because risk control integrates the results of an assessment of
risks with other critical inputs (US EPA, 1986). These include economic
analysis, which is very important in countries with transitional economies such
as the countries in Central and Eastern Europe; perception of risks, which is
specific for each region; the need for and availability of alternative technologies;
concerns about equity; consistency across a range of risks; and so on. Therefore,
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it could be difficult to say where an assessment of risk ends and risk control
begins. In other words, a risk assessment is in practice a mixture of science and
policy (Nurminen et al., 1999).

TABLE 7. Interpretation of blood lead test results and follow-up activities; risk — class of child
based on blood lead concentration in Zlatna Case Study, Romania

Risk Blood lead level Comment/messages/action
(ug/dL)
Low <20 At blood lead levels (BPb) up to 15 adverse health effects

are possible; parents education to avoid lead exposure of
their children; parents education for children’s diet, control,
personal hygiene measures, etc.; if exposure based on ques-

tionnaire evaluation is low, BPb retest after 1 year

Medium low 20-34 Adverse health effects are possible; parents education to
avoid lead exposure of their children; evaluation of lead
concentration in child’s environment and eliminate the lead
sources if possible; parents education for children’s diet,
control, personal hygiene measures, etc.; BPb retest after
1 year

Medium high 35-39 Possibility of adverse health effects development is very
high; parents education to avoid lead exposure of their chil-
dren; evaluation of lead concentration in child’s environ-
ment and eliminate the lead sources if possible; activities
and behavior changes to decrease lead exposure; working
with children’s parents; a proper calcium diet (600-800 mg/
day), vitamins and iron medical checkup, medical evalua-

tion medical management

High >60 Possibility of adverse health effects development is very
high; medical emergency, medical management must begin
immediately; urgent BPb retest; parents education to avoid
lead exposure of their children, to cut the pathways of
exposure; environmental management; eliminate the source
activities and behavior changes to decrease lead exposure;
working with children’s parents; a proper calcium diet
(600-800 mg/day), vitamins and iron

Risk perception or communication plays a very active role in metals risk
assessment policy decision making (Teret, 2001). In general, risk com-
munication should be a democratic process. It is based on the idea that risk is
real, that it is easily measured, particularly when direct biomarkers of exposure
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are available such as with metals; that scientists can agree on risk; and that it is
necessary to translate scientific knowledge into education for the public. In
technical terms, this conventional approach to risk communication is based
upon positivist conceptions of the nature of risk (Weiss, 2001). It assumes that
risks are unambiguously real and measurable, and that a community of scientific
risk assessors can agree on their seriousness (Pastides, 1999). Risk communication
in some areas in the region is used to legitimate actions to mitigate hazards (mostly
lead and arsenic related) (Tchounwou et al., 1999). It also involves free discussion
and debate. Risk communication is part of a larger process of understanding and
managing hazards. Risk assessment, risk communication, and risk management
represent a part of a political activity during which risk is socially constructed
(Payne-Sturges and Breugelmans, 2001).

Working together, scientists, workers, public health officials, political repre-
sentatives, and ordinary citizens can define, assess, and manage risk to heavy
metals in some “hot spot” areas in Central and Eastern Europe. It is not the role
of scientists involved in the risk assessment of heavy metals to tell the people,
especially those responsible for action, about what should be safe enough, or
how they could make it safer. Risk assessors can describe the distribution of
heavy metals within the environment, body burden and expected health-
associated outcomes. The latter will be mostly based on epidemiological studies
(Epidemiology and Society, 1999) and also some international experience.
There is information available for some metals (e.g., lead, cadmium, chromium,
and arsenic) (Aposhian et al., 2000, 2001; Gurzau et al., 1995), but less for
other metals which also reach high concentrations in the environment.
Therefore, those involved in risk management of metals in the region have to
address the question of what is to be done and who is responsible for acting or
preventing action. One of the cornerstones is to have institutions and procedures
for agreeing on risk policies (Weiss, 2001) and also to select individuals and
organizations with the responsibility for implementing these policies. In view of
the heavy metals health-related problems in Central and Eastern Europe (e.g.,
Romania) it is also important to develop the conceptual and practical insights
into heavy metal body burdens and effects, and also to share experience to
define priorities, and to provide methodological guidance on the quantitative
assessment of the heavy metals burden of disease at national and also regional
levels (Pruss et al., 2001). Increasingly, countries wish to use information about
disease burdens for priority setting and resource allocation in health, including
environmental health (Pruss et al., 2001).

Many scientists assume that when you state risk probabilities the risk
communication job is over. However, knowledge does not necessarily change
behavior. In the same respect setting new standards, e.g., as a request to became
part of the European Union (EU); does not necessarily change organization or
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industry behavior. We should take into account the existing well-documented
gap between attitudes and behavior. Informing the public of facts about risky
actions does not necessarily make them act more prudently. It is difficult to
avoid drinking water with (Brown and Fan, 1994) elevated arsenic concentration
when there are no other alternatives to provide the comunity with safe drinking
water or facilities to provide safe bottled water. People know their behavior is
harmful to their health, using that kind of water because it’s “spring water”, but
they do not act on that knowledge for a variety of reasons. Strategies resulting
in changing behavior, not just imparting information, could help the people in
the region to avoid the exposure to natural arsenic from drinking water, to cut
the pathway, and to decrease the associated risks. Risk communication in this
case involves promoting behavior changes. We need to develop program stra-
tegies through creative interpretation of research findings, which are accessible
after the risk assessment is carried out. Therefore, once again the importance of
risk assessment in policy decision making is obvious.

Programs to change individual behavior, such as Zlatna case study pre-
sented in this paper, should reflect social and psychological research on how to
change actual behavior.

On the other hand, because social marketing is an approach and not a
solution, there is no program template for others to copy (which means we can
transfer some of the experience from Zlatna case study to other hot spots in the
region, but the equation being different the program could differ). We need
social forces to influence people and enterprises in order to make them act on
their knowledge of risk.

Economic and political interests of local authorities and leaders are not
always similar to those of the public to whom risk communication is directed
(Health and Safety Executive, 1996). For this reason, in our region, risk
communication is sometimes, when it is not well conducted, interpreted as
factory or government propaganda (Gurzau et al., 1995). Communication must
be trusted by the public. Trust, especially in Central and Eastern Europe, is the
most important criterion for democratic risk communication. Countries in this
region, like Romania, are leaving systems where many old structures that
communicated risk to the public were arms of propaganda. The region needs to
have institutions that provide reliable data on risk assessment to heavy metals
and to carefully translate it into ordinary or common language (EHP, 1995).

In some countries, like Romania prevention of chronic toxicity remains a
challenge for children exposed to metals, particularly lead. New concepts like
social marketing may help (Griffits, 1997). Social marketing is a systematic
approach to solving problems, in this case public health problems, related to
service utilization, product development, and acceptance and behavior adoption.
It is the application of fundamental marketing principles to social program



360 INTEGRATION OF METAL BIOAVAILABILITY

design and management. Social marketing has as its objective changes in
behavior, not just imparting information. Social marketing concentrates on the
half of the marketing equation that is often ignored — creation of demand. Social
marketing requires creativity in message design. Social marketers conceptualize
their task in four main phases:

Strategy development

Strategy formulation
e Strategy implementation
e Strategy assessment or evaluation

A good example of this new concept is the Zlatna case study, funded by
US Agency for International Developments (USAID) in Romania. The
Environmental Health Project (EHP) was asked in June 1994 to conduct a
1-year technical assistance project in Zlatna, Romania, as part of the USAID
efforts to improve environmental conditions (EHP, 1995). The main source of
atmospheric pollution and also the principal employer in this town of 8000
inhabitants is the 250-year-old Ampelum SA copper smelter and refinery. The
town’s mayor has made community health one of his main priorities and has
requested designation as a calamity zone, with no response from the national
government. At the request of the Romanian Government, USAID selected
Zlatna and Ampelum SA copper smelter as a demonstration site with the goal
of providing the smelter and community groups with both technical and
equipment assistance to achieve short-term improvements to reduce the envi-
ronmental and health problems caused by the smelter (Gurzau et al., 1995). The
following concerns were identified in an initial report produced by the Work
Environment Center:

e Reducing the exposure of young children to lead
e Air monitoring and control
e Occupational health and safety protection and training

The initial objectives of the project remained consistent throughout the
3-year project:
e Address immediate health issues in the short-term and initiate long-term
efforts to reduce smelter emissions.

e Assist in developing a reliable ambient air quality database and monitoring
program for use in public health education and evaluating plant improve-
ments.
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e Assist in reducing the conflict between maintaining employment and
protecting human health and the environment during a period of social and
economic transition.

The project provided assistance for equipment (half of project budget), for
technical assistance, interinstitutional teacher development, and support for
Romanian institutions and the Zlatna Community (Gurzau et al., 1995). Three
working groups were developed to address environmental health issues and
included individuals from the following stakeholder groups: the smelter, the
Zlatna hospital, the Alba County Environmental Protection Agency, the Alba
County Sanitary Police, the Center for Medical Research in Cluj, and the Zlatna
kindergarten. A participatory process was implemented throughout the entire
program, providing for an exchange of ideas, agreements regarding imple-
mentation of the action plans, and sharing of expectations. It was clear that the
collaborative problem-solving process provided momentum and energy for
action. The project consisted of the following steps, implemented between June
1994 and June 1995:

e Meetings with stakeholders to evaluate proposed activities and identify
equipment and resource needs.

e Working groups to reevaluate health issues of concern, goals, activities, and
equipment needs.

e Delivery of equipment and associated training, including blood collection
and analysis and air quality and workplace-monitoring equipment and
respirators.

e Support for a locally designed family and community-wide health education
and counseling program with accompanying education materials to reduce
childhood lead exposure.

o Identification and assessment of potential opportunities for emission
reduction at the smelter.

¢ Training in air quality monitoring.
e Occupational health and safety training.
e Initiation of a community effort to create safe play areas.

o Testing of children for blood lead levels (revealing high levels of blood lead
poisoning).
e Evaluation of the project.

Preliminary data on child lead levels (170 soil samples and 170 children)
demonstrated blood lead levels of 35-60 ug/dl and soil levels of 50-4000 ppm.
All children have stayed in the community (Gurzau et al., 1995). Depending on
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the child’s blood lead level the following actions were prescribed: (1) education
and retesting; (2) avoidance of exposure and alleviation of sources; (3) calcium
supplements; and (4) medical intervention. Child exposure and medical mana-
gement was a new program in the town and cooperative efforts needed to be
established between health care workers and teachers to develop methods to
avoid exposure, including interventions and education about risky behaviors
(Gurzau et al., 1995).

Several factors have emerged that could contribute to program sustain
ability including: (1) clear demonstration by working group participants of an
increased knowledge and understanding of environmental health concerns;
(2) establishment of a new institutional capacity to conduct social marketing
activities; increased levels of participation and desire for technical assistance;
(3) desire by participants for follow-up to consolidate gains and disseminate
lessons learned to other Romanian communities; and (4) the introduction of an
interagency or public approach to addressing environmental health issues.

The next step in the project consists of training sessions on environmental
health data analysis and risk communication; support for the workgroups in
implementing their action plans and assistance in disseminating lessons learned;
and risk assessment, communication and social marketing.

The initial evaluation was conducted by a small technical team. At that time,
agencies and communities at the local, county, and regional levels have had
little or no experience working together to solve environmental health pro-
blems. Three lessons were learned regarding implementation: (1) there was a
need for interinstitutional working groups to provide a model for collaborative
problem solving; (2) there was a need to empower individuals in their abilities
to change environmental conditions; and (3) there was a need for frequent
written communication with local officials during the entire period of the
project, as well as host—country communication at all levels.

A tremendous decrease of about 47% of blood lead levels in very young
children accrued after 3 years working with local authorities, scientists, mass
media, local community, changing attitudes or behavior and creating a coali-
tion, several action plans were implemented.

Decreasing emissions occurred through improving technology (Lahmeyer
International, 1996; Seux and Dab, 1994) with reliable filters (Figure 2). Other
measures such as site remediation and rehabilitation are needed. Some of these
measures require significant resources such as soil removal, physical separation
or chemical extraction, SAREX chemical fixation process, xanthate treatment,
cyclone furnace, solidification, and surfactant gmethods (Member agencies of
the federal remediation technologies roundtable, 1993).
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Figure 2. Filters installation and lead concentration in air of Baia Mare area, Romania.

Another example is the Air Management Information System (AMIS)
(Schwela, 1999) which is an information-exchange system in the scheme of the
Global Air Quality Partnership providing information on all issues of air quality
management between its participants: municipalities, national environmental
protection agencies, international organizations, World Bank and international
development banks, and nongovernmental organizations. Public health studies
of air pollution-induced health effects are an important ingredient for decisions
with respect to the management of air quality. Air is playing an important role
in the transfer of heavy metals to soil and vegetables particularly from the
nonferrous metallurgical industry. Such information systems facilitate the use of
high-quality data in the decision-making process.

Finally, decision makers using risk assessment must adopt criteria for esta-
blishing appropriate management responses in accordance with the risks the
community is prepared to accept, taking into account the willingness of the
public to tolerate the risks in return for benefits (Advances in lead research:
implications for environmental health, 1990).

There is a need to use unitary methodologies in order to get comparable
databases and formulate, develop, and implement the best intervention strategies
in the region. “Think globally and act locally” should be an important priority
in solving heavy metals environmental problems in Central and Eastern Europe.
Therefore, the need for reliable information about funding opportunities could
play an important role in these countries. A good example of how such infor-
mation could serve as a source for funding public and private investments
opportunities in environmental protection and remediation is the directory of
financing sources for environmental investments in Romania, prepared and
published under the auspices of the USAID (EAPS, 2000)
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Abstract: Anthropogenic emissions of heavy metals represent potentially
hazardous agents for individual elements of the environment and for mankind
itself. At elevated levels, in soil and ground water, heavy metals can inhibit
plant growth, consequently reduce crop yield, and via the food chain cause
harm to human health. Therefore, long-term monitoring programs of large-scale
atmospheric deposition of heavy metals are crucial for observation of contami-
nation levels by especially hazardous elements in several countries. Mosses
provide an effective and cheap method for monitoring trends in heavy metal
pollution of the environment. The concept and technique of analyzing
deposition of heavy metals (As, Cd, Cr, Cu, Fe, Hg, Ni, Pb, V, and Zn) in
mosses was introduced in the Nordic countries. Afterwards, based on this bio-
monitoring technique, the All-European project European Survey of Atmospheric
Heavy Metal Deposition was launched. Upon the results of this research, repeated
at 5S-year intervals, the comparison of atmospheric heavy metal deposition
in Romania with neighboring countries such as Ukraine, Poland, Slovakia,
Hungary, participating in the above-mentioned moss surveys is conducted. The
most important potential sources of heavy metal emissions into the atmosphere
in these countries are discussed. However, the long-range atmospheric transport
of polluted aerosols is not to be neglected.
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1. Introduction

Increasing human activities result in the production of environmental pollutants.
Atmospheric deposition of pollutants is in many cases a major source of heavy
metals to terrestrial and aquatic ecosystems. Anthropogenic emissions of heavy
metals represent potentially hazardous agents for individual elements of the
environment and for mankind itself. The increase in the concentration of toxic
matters leads to the degradation of flora, as a result of sensitive species elimi-
nation. Measurements of the atmospheric supply of metals are therefore of vital
importance.

The main sources of pollution in the environment and of the atmosphere, in
particular, are the combustion of coal (bituminous and brown coal), ferrous, and
nonferrous metallurgy, the chemical industry, as well as usage of lead-containing
petrol. The most important elements of industry are power stations, smelting,
and chemical factories. As a consequence of these emissions, the high amount
of particular matter as dust and volatile ashes is supplied to the environment.

In studies of particulate matter, the coarse and fine particles are distinguished.
Coarse particles and volatile ashes are more than 10 pm in diameter. They
could quickly precipitate on the surface of the soil and plants and accumulate in
the upper layer of soil in the vicinity of the emission site. Fine particles with
diameters of 0.1-5 um form aerosols, and like gases could be spread with the
atmospheric masses for long distances.

Some heavy metals, which are emitted into the air from such sources as
industrial enterprises and thermoelectric power stations, spread mainly close to
the sources of their emission. These areas which are subject to such pollution by
heavy metals could range from 10 to 50 km in distance depending on the wind
direction and the height of the chimney stacks. As an example of such pollution
could be nickel (Ni) and chromium (Cr). Other metals are carried longer
distances due to the formation of the gas phase during combustion, leading to the
formation of very minute particles, which are easily transported by the wind. This
is the case with such metals as arsenic, cadmium, lead, mercury, and zinc.

For investigations of levels of atmospheric heavy metal deposition two
approaches are usually used: (1) a technical and (2) a biological one.

Heavy metals were included in Cooperative Programme for Monitoring and
Evaluation of the Long-range transmission of Air Pollutants in Europe (EMEP)
in 1999. A number of countries have been reporting heavy metals within the
EMEP area in connection with different national and international program.

The situation with heavy metal monitoring in air and precipitation in Europe
was noticeably improved in recent years. Beginning in 2000, there was established
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an All-European EMEP network for trace metals, with the first priority ele-
ments being Hg, Cd, and Pb and the second priority elements being Cu, Zn, As,
Cr and Ni. This network (about ten monitoring sites) provides more monitoring
data on concentrations, deposition, and transboundary fluxes of cadmium, lead,
and mercury over Europe. Based on these data the Pb, Cd, and Hg transport
models, heavy metal critical limits, as well as modeling and mapping of critical
loads in terrestrial and aquatic ecosystems are being developed under the
Working Group on Effects.

The second approach, based on regional biomonitoring, allows determination
of natural (background) levels of heavy metals, and detection of increased
concentrations in natural ecosystems as the result of technogenesis.

The use of biological indicators is known to have several advantages over
technical methods. The latter requires simultaneous measurements to be made
with highly specialized equipment, at many stations, and becomes expensive
when research is conducted over large territories and especially in regions
difficult to access. On the other hand, bioindication monitoring is cheap, rela-
tively simple, and permits the use of an almost unlimited number of samples for
the analysis. In general, both approaches of the direct physicochemical and the
biomonitoring are necessary for the realization of a detailed and/or large-scale
analysis of the distribution of atmospheric air pollutants.

In the last few decades, plants, animals, fungi, and bacteria have been
widely used as bioindicators and biomonitors of air, soil, and water. However,
it has been established that bryophytes are among the most effective types of
organisms for biomonitoring due to a number of their biological features:
species diversity, wide areas of distribution, slow growth, significant absorption
ability, and their tendency to accumulate and retain trace elements. As opposed
to higher plants, bryophytes lack an advanced root system. Therefore, they can
not significantly absorb pollutants, in particular heavy metals, from the sub-
stratum and consequently their uptake occurs mainly from the ambient atmos-
phere. So, mosses provide an effective and cheap method for monitoring of
atmospheric pollution by heavy metals.

Mosses have been used extensively for monitoring of heavy metal (As, Cd,
Cr, Cu, Fe, Hg, Ni, Pb, V, and Zn) deposition in Europe since the late 1960s
(Riihling and Tyler, 1968, 1971; Pakarinen and Tolonen, 1976; Steinnes, 1977).
The concept and technique of analyzing deposition of heavy metals in mosses
was introduced in the Nordic countries and was first tested on an international
scale in 1980 as a joint Danish—Swedish initiative (Riihling and Tyler, 1971;
Steinnes, 1980; Gydesen et al., 1983; etc.). Later, from 1985 to 1995, similar
moss surveys including an increasing number of European countries were
conducted. The European Survey of Atmospheric Heavy Metal Deposition was
launched in 2001 as a part of the International Cooperative Programme on
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Effects of Air Pollution on Natural Vegetation and Crops (ICP Vegetation) and
coordinated by ICP Vegetation Coordination Centre at the Centre for Ecology
and Hydrology (Bangor, UK) at the United Nations Economic Commission for
Europe (UN/ECE).

At present, 90 scientists from 28 European countries take part one way or
another in this project. The method of moss monitoring has now become well
established and is used on a national basis to evaluate the level of heavy metal
pollution in European countries every 5 years. The results of such mosses
surveys are reported to the Working Group on Effects of the UN/ECE
Convention on Long-Range Transboundary Air Pollution (CLRTAP). Based on
the obtained data of heavy metal contents in indicator moss species, the atlas
(colored maps with isolines or ‘dot maps and descriptions) of quantitative
deposition of the above-mentioned toxic metals from the atmosphere on the
territory of the countries participating in the project is composed (Riihling,
1994; Riihling and Steinnes, 1998; Buse et al., 2003).

Thus, the moss technique has become a new tool for environmental studies,
especially in industrialized countries, where air pollution studies are of high
priority. The extension of the European deposition survey to new areas with
natural conditions strongly differing from the territories where the use of the
moss technique started has emphasized the need to include new moss species
where the original ones do not grow naturally. Evaluation of the specificity
of heavy metal retention by various bryophyte species has led to the recom-
mendation of the pleurocarpous, epigeic panboreal Pleurozium schreberi and
Hylocomium splendens and the almost cosmopolitan nemoral Hypnum cupres-
siforme for biomonitoring purposes.

In accordance with a decrease in the ability to accumulate heavy metals,
the above-mentioned species can be generally arranged in descending order:
H. cupressiforme > H. splendens > P. schreberi.

Other pleurocarpous species (Pseudoscleropodium purum, Abietinella
abientina, Brachythecium spp.), and acrocarpous species (Bryum argenteum,
Dicaranum spp., Polytrichum spp., Sphagnum spp.) are used, too, but consi-
derably less frequently.

The ability for heavy metal sorption strongly depends on morphological and
anatomical peculiarities of bryophytes. In general, more is known about the
retention efficiency of ions in moss than for particulate matter. As a general rule,
a wide variation in metal accumulation from species to species and from habitat
to habitat under different microclimatic conditions may take place. Therefore, the
determination of intercalibration coefficients is crucial for the future studies of
deposition levels and distribution of heavy metals all over Europe.
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For the first time, the moss technique was applied in Romania in 1995 to a
systematic study of air pollution with heavy metals and other trace elements. It
was conducted in several industrialized and urban areas of the Eastern
Romanian Carpathians which represent mainly the central regions of Romania.
This was done to cover one more “white spot” on the heavy metal atmospheric
deposition map of Europe. 84 moss samples (P. schreberi and H. splendens) were
collected (Institute of Atomic Physics, Bucharest) and analyzed by neutron
activation analysis (NAA) methods (Joint Institute for Nuclear Research, Dubna,
Russia) and by inductively coupled plasma mass spectrometry (ICP-MS) methods
(Norwegian University of Science and Technology, Department of Chemistry).

The study was continued by Mocanu R. (University of lasi) during the
2000-2001 European moss survey in other regions of the southern and western
Carpathians. In total 214 samples of mosses were collected and the content of
heavy metals in them was determined by the atomic absorption spectrometry
method. Moreover, 70 moss samples of H. cupressiforme were collected in the
Transylvanian Plateau in 1999 within the frame of the project “Atmospheric
Deposition of Heavy Metals in Rural and Urban Areas of Romania Studied by
the Moss Biomonitoring Technique Employing Nuclear and Related Analytical
Techniques”. In total, 35 chemical elements including heavy metals were
identified by NAA methods (Joint Institute for Nuclear Research, Dubna,
Russia) and results of this study were published (Stan et al., 2001). The special
investigation of atmospheric deposition of heavy metals around the lead and
copper-zinc smelters in Baia Mare using mosses (P. schreberi, P. purum, and
Rhytidiadelphus squarrosus) as bioindicators showed that the concentrations of
Pb, As, Cu, and Cd are high compared with those observed in other regions
of Europe with similar industries. However, the concentrations approached
regional background levels at a distance of about 8 km from main source area
(Culicov et al., 2002).

2. Fundamentals of the Methodology of Heavy Metal Moss Monitoring

This short protocol is recommended by ICP Vegetation.

2.1. AIMS AND OBJECTIVES

The aims of the heavy metals in moss survey are:

e To characterize qualitatively and quantitatively the regional atmospheric
deposition

e To indicate the location of important heavy metal emission sources and the
extent of particularly polluted areas
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e To produce maps of the regional deposition patterns
e To help to understand the extent of long-range transboundary pollution

e To present retrospective comparisons with similar previous studies

2.2. SAMPLING AND ANALYSES

Two moss species are favoured: P. schreberi, and if this species is absent
H. splendens. However, in some countries it might be necessary to use other
species. In that case, the first choice would be H. cupressiforme. Other species
to be considered are, e.g., Scleropodium purum and Thuidium tamariscinum.
The use of bryophytes other than Hylocomium or Pleurozium must be preceded
by a comparison and calibration of their uptake of heavy metals relative to the
main preferred species.

The sampling points should be located at sites representative of nonurban
areas. In remote areas the sampling points should be at least 300 m from main
roads (highways), villages and industries and at least 100 m away from smaller
roads and houses. In more densely populated areas these distances may need to
be reduced to, e.g., 100 and 50 m, respectively. In mountainous areas the
sampling points should be at an altitude between 500 and 1200 m.

It is recommended to make one composite sample from each sampling
point, consisting of 5-10 subsamples, if possible, collected within an area of
about 50 x 50 m’.

Samples should preferably be collected during the period April-October. At
least 1.5 moss samples/1000 km? should be collected in lowland areas and, it is
recommended to have a denser sampling regime in mountain areas.

The metal determination can be performed using various analytical tech-
niques (atomic absorption spectroscopy [AAS], inductively coupled plasma
emission spectrometry [I[CP-ES], ICP-MS, NAA). Samples of moss should not
be subjected to washing. Wet ashing is recommended for the decomposition of
organic material. The following elements with mainly anthropogenic and atmo-
spheric origin should be determined: As, Cd, Cr, Cu, Fe, Hg, Ni, Pb, V, and Zn.

3. Comparison of Heavy Metal Concentration in Moss in Romania
and Neighboring Countries

Romania is situated in the southeastern part of Central Europe and shares
borders with Hungary to the northwest, Yugoslavia to the southwest, Bulgaria
to the south, the Black Sea and Ukraine to the southeast, and to the north and
the Republic of Moldova to the east. Romania spans a total surface area of
237,500 km”.
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The Carpathian Mountains traverse the center of the country bordered on
both sides by foothills and finally the great plains of the outer rim. Forests
cover one quarter of the country.

Romania, known for its rich mineral resources, is a highly industrialized
country where a great number of metal-processing plants as well as coal-fired
power plants are operating. The most important metals are iron, chromium,
nickel, aluminium, gold, silver, copper, and zinc; other important elements are
arsenic, mercury, vanadium, and rare earth elements. A high concentration of
industrial activity is clustered within a limited geographical region in Transylvania.
As a result, the environment in the area has reached a state of deep ecological
stress. For example, nonferrous metal processing plants pollute the surround-
ings of Copsa Mica, Zlatna and Baia Mare with heavy metals such as copper
lead, tin, and cadmium, with the maximum concentrations exceeding by far
the permitted norms (Stan et al., 2001). Thus, lead levels in Copsa Mica fac-
tories sometimes reached levels that were 1000 times higher than the allowable
international limits.

The heavy metals in mosses surveys 1995-1996 and 2000-2001 were con-
ducted at the same areas of Romania and neighboring countries, from which
transboundary transfer of the atmospheric pollutants is possible. Therefore, it is
of interest to consider the data on the concentrations of metals in mosses in
these countries, which reflect atmospheric heavy metal deposition. The concen-
tration levels of ten elements (As, Cd, Cr, Cu, Fe, Hg, Ni, Pb, V, and Zn) in the
indicator moss species sampled in Romania were compared to those from other
European countries, in particular, Poland and Slovakia, Hungary, and selected
regions of Ukraine (Tables 1 and 2). For comparison, metal concentration in
mosses growing at such relatively clean territories as Sweden and Norway were
included in the tables also. Most of the metal concentrations from the two latter
countries could be considered as background values.

Arsenic (As) — The main source of arsenic emissions is coal combustion,
although local mining sources and some industrial processes, such as glass
making, produce smaller quantities.

Most arsenic values in mosses studied in Romania were between 0.21 and
17.6 ug/g with a median of 0.10 pg/g (1995) and 0.24 pg/g (2000). But in the
Baia Mare region which is affected by the nonferrous metal industry, arsenic
concentrations exceed 90 pg/g (Stan et al., 2001; Culicov et al., 2002). Strongly
elevated arsenic levels were found also in the northern part of Transylvania
(Zagra, Letca, and Magoaja) where there is a long tradition of ore mining. The
maximum concentration of As found in mosses was 118 pg/g (Buse et al., 2003).
This shows that elevated concentrations of arsenic in Romania were associated
substantially with oil refineries and nonferrous smelters.
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Arsenic concentrations in relatively clean areas such as Polissia and Ukrainian
Carpathians ranged between 0.01 and 2.22 pg/g and 0.06 and 0.67ug/g,
respectively. The median concentrations were 0.10 pg/g in the Polissia and 0.24
pg/g in the Ukrainian Carpathians area.

Cadmium (Cd) — Cadmium is a trace element present in the earth’s crust
with an average concentration of 7—10 ug/g, often occurring together with zinc
and phosphorus. As a result of wind erosion, soil (ash) particles are carried by the
wind and spread throughout the environment. Other emission sources are the
phosphate fertilizers used in agriculture.

In urban areas cadmium emissions are often associated with garbage incine-
ration and the combustion of fossil fuels (Mékinen and Lodenius, 1984). Other
emission sources are the mining and metal industries, especially zinc concentrating
plants and galvanizing processes. Cadmium is also used in the coating of other
metals, in alkaline batteries and pigments, as well as in stabilizers for plastics.

Cadmium is very toxic to all organisms and is a cumulative poison that can
be concentrated in nutrient cycles. For instance, some mushrooms accumulate
cadmium.

All cadmium values in mosses growing in Romania were between 0.26 ug/g
and 8.40 pg/g, with a median of 0.60 pg/g (1995) and 0.46 ng/g (2000). In moss
samples from the Baia Mare region, the concentration of Cd exceeds 5 ug/g
(Culicov et al., 2002). In another similar moss monitoring study (Stan et al.,
2001) with H. cupressiforme all Cd concentrations (epithermal neutron activation
analysis, ENAA) were between 0.23 ug/g and 55 pg/g. Unfortunately the authors
of this study did not give any comment for such high concentrations of cadmium
in moss. Nevertheless, in general, the moss Cd concentrations in Romania were
two to five fold higher than those in Scandinavia (see Table 1 and 2).

The high cadmium concentration in the Cergau region is mainly due to
Zn and Pb smelters. Moreover, the pattern of Cd distribution showed
increased concentrations in the Zagra—Letca—Magoaja region, probably a
result of ore mining. A high Cd concentration observed in Aiud may be
explained by the presence of an oil-fired power station without proper filters
(Stan et al., 2001).

Cadmium concentrations in moss in the Ukrainian Polissia and Ukrainian
Carpathian areas ranged from 0.08 to 2.91 ug/g. The median concentration was
0.18 ug/g to 0.29 ug/g respectively. The highest values were probably caused by
the use of phosphate fertilizers in the Polissia and combustion of fossil fuel in
the Ukrainian Carpathians.
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Chromium (Cr). Coal and heavy oil combustion are the main sources of in-
creasing chromium deposition in the surrounding ecosystems (Mékinen, 1983).
Chromium is also an important additive used in making stainless steel.

Chromium is an essential micronutrient, but at higher concentrations Cr'" is
moderately and Cr*" highly toxic to all organisms.

Chromium concentrations in mosses in Romania were between 0.50 ug/g
and 85.0 pg/g with a median of 9.10 pg/g (Survey 1995) and 8.46 pg/g (Survey
2000).

Chromium concentrations in moss in the Ukrainian Polissia and in the
Ukrainian Carpathian areas ranged from 0.40 pg/g to 7.80 pg/g. The median
concentration was 1.70 ng/g and 1.50 ng/g, respectively. The baseline level in
mosses from rural areas evaluated in most countries was less than 2 pg/g. The
mean background concentration for the foregoing Ukrainian study areas was
2.75 ng/g.

It is remarkable that very high chromium concentrations in mosses were found
in such “background countries” as Sweden and Norway. These local elevated
chromium values ranged from 136 pg/g to 438 ng/g, and were mainly connected
with emissions from the steel industry and ferrochrome smelters in the above-
mentioned countries, and sometimes may be ascribed to soil contamination
(Riihling and Steinnes, 1998; Buse et al., 2003).

Copper (Cu). Most copper emissions originate from local sources, i.e., from
copper mines and smelters. Smaller amounts (about 6 %) are emitted into the
air during the combustion of fossil fuels, as well as from garbage incineration
and traffic (Mékinen and Lodenius, 1984).

Copper is an important micronutrient for all organisms. At higher con-
centrations, however, it is toxic to vascular plants and very toxic to algae and
fungi especially, and is therefore used in fungicides. It is also very toxic to
invertebrates. The background level of copper in areas with no local sources is
about 4-8 ug/g (Riihling and Steinnes, 1998).

All copper values in mosses in Romania ranged from 3.21 to 2420 ug/g, the
median being 11.3 (Survey 1995) and 21.5 (Survey 2000). Copper showed ele-
vated concentrations in the same region as arsenic and has the same source,
ore mining and nonferrous metal industry (Stan et al., 2001). The highest
levels of Cu were observed in the Baia Mare region.

Very high copper concentrations (1860 pg/g) were observed also in
Bulgaria and are connected with copper ore mining near Panagurishte and a
copper smelter near the town of Pirdop (Buse et al., 2003). Strong local sources
have an effect on copper content in mosses, as also observed in Poland (650
ng/g) and Slovakia (135 pg/g).
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In the Ukrainian Polissia and in the Ukrainian Carpathian areas the copper
concentration in mosses ranged from 3.2 to 48.8 ug/g. The median concen-
trations were 6.0 and 7.31 ng/g, respectively.

In Norway, the elevated copper concentrations (160 and 206 ng/g) were the
effect of copper—nickel smelters in Kola peninsula in northwest Russia (Buse et al.,
2003).

Iron (Fe) — Iron is emitted to the atmosphere mainly from the iron and steel
industry and iron mining. Iron is one indicator of human activities because in
urban areas its amount in deposition increases (Makinen, 1994). It originates,
e.g., from coal-fired power plants, the fly ash from which can contain more
than 50 mg/g iron (Mékinen, 1983). The content of iron in mosses does not
only reflect the anthropogenic atmospheric deposition, but also the supply of
windblown soil particles. The considerable role of the soil factor in Fe accumu-
lation by mosses was indicated by the high Fe—Sc correlation (Stan et al.,
2001).

The iron concentration in mosses from rural areas was generally lower than
500 pg/g if the areas were not influenced by soil dust (Riihling and Steinnes,
1998).

Iron is a very important micronutrient for all organisms. However, when
accumulated in elevated concentrations in humans it could cause a number of
serious illnesses.

In Romania, the maximum concentration of iron in mosses reached 21,300
ung/g. The median concentrations were 1900 and 2510 pg/g in Surveys 1995 and
2000, respectively.

Iron concentrations in moss in the Ukrainian Polissia and in the Ukrainian
Carpathian areas ranged from 66 to 1440 ng/g. The median concentrations were
327 and 313 pg/g, respectively.

The median moss concentrations of iron in Norway and Sweden ranged
between 182 and 365 ng/g, but a local maximum of Fe concentration in Norway
reached 14,900 pg/g.

Lead (Pb) — Most lead emissions are in connection with car traffic and the
combustion of leaded fuel. Other lead emission sources are the mining of lead
ore, lead smelters, and ferrous metallurgy. During the last few years the increased
use of unleaded gasoline has decreased lead emissions in many countries irres-
pective of the increased traffic density (Riihling et al., 1992).

Lead is a cumulative poison and toxic to all organisms. In spite of the fact
that in the natural environment lead is usually tightly bound in the organic top
soil layers (humus), in soluble ionic form it is toxic to most organisms. Children
seem to be more sensitive then adults (Riihling and Steinnes, 1998).
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Very high levels of lead (up to 175 ug/g) in mosses were found in the
northeastern part of Romania around the Baia Mare lead smelter (Culicov et al.,
2002). All measured Pb concentrations in mosses ranged from 6.45 to 231 ug/g.
The median concentrations were 25.8 pug/g (Survey 1995) and 14.3 ug/g (Survey
2000).

Very high lead concentrations (as much as 887 pg/g) were noted for Bulgaria
and they are related to old mines and lead—zinc smelting factories (Riihling and
Steinnes, 1998; Buse et al., 2003).

Lead concentrations in moss ranged from 1.30 to 8.90 ug/g with a median of
3.40 pg/g in the Ukrainian Polissia and from 2.26 to 32.6 ng/g with the median
of 6.80 pg/g in the Ukrainian Carpathian areas. The background concentrations
in these areas varied between 3 and 6 pg/g, and was lower than in many other
parts of Europe.

Mercury (Hg) — The main sources of mercury emissions are waste incine-
ration, the manufacture of chlorine, nonferrous metal production, and coal
combustion.

Mercury and many of its compounds (methyl mercury) are strongly toxic
to most living organisms. Humans uptake 15 pg of mercury per day from food
and air.

Unfortunately, in European moss surveys 1995/1996 and 2000/2001
mercury was not determined in the samples from Romania.

Among considered countries, Slovakia was the most polluted by mercury.
Here, the median concentration was 0.18 pg/g, and the maximum value was 3.44
ug/g, which was ten times higher than mercury concentration in Norway and
Sweden.

The mercury concentration in moss in Ukrainian Polissia and Ukrainian
Carpathians ranged between 0.001 and 0.15 pg/g.

Nickel (Ni1) — The main sources of nickel to the environment are large smelter
complexes and the steel industry. Nickel is an important additive in stainless steel.
The combustion of heavy oil and coal also increases nickel deposition (Mékinen,
1983). Nickel is essential to some organisms but also toxic in higher concentrations
to most plants, fungi, and animals. It could have allergic and allegedly carcinogenic
effects on humans.

Nickel concentrations in mosses in Romania were between 0.26 and 31.9
pg/g with a median of 2.17 pg/g (Survey 1995) and 3.35 ug/g (Survey 2000).

Nickel concentrations in moss in the Ukrainian Polissia and in the Ukrainian
Carpathian areas ranged from 0.70 to 7.05 ug/g. The median concentration was
2.64 and 2.06 pg/g, respectively. This is two times as much as background
concentration in Sweden and Norway.
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Vanadium (V) — Vanadium is mainly emitted from oil combustion and from
refineries. Another emission source is the steel industry where vanadium is used as
an additive in the manufacture of special steel. On terrain with poor vegetation, soil
dust could cause accumulations of this metal in mosses in considerable con-
centrations. In higher concentrations vanadium is toxic to living organisms.

Vanadium concentrations in mosses in Romania were between 1.93 and
54.2 ug/g with a median of 6.40 (Survey 1995) and 7.99 ug/g (Survey 2000).

Vanadium concentrations in moss in the Ukrainian Polissia and in the
Ukrainian Carpathian areas were similar and ranged from 0.40 to 5.90 pg/g and
0.39 to 4.32 ng/g, respectively with medians of 1.80 and 1.29 pg/g, respectively.
These values are close to the background concentration observed in Sweden and
Norway.

Zinc (Zn) — Zinc is mainly emitted by the metal industry, road transport,
waste incineration, and coal combustion. Zinc is an essential micronutrient for
all organisms, but at higher concentrations it could be moderately toxic to
plants, but only slightly toxic to mammals. The air contains 1-10 pg/m’ of zinc.

Zinc concentrations in mosses in Romania were between 20.1 and 2940
ug/g with a median of 43.7 ug/g (Survey 1995) and 79.5 pg/g (Survey 2000).
Two regions with high Zn concentration were distinguished in Transylvania.
One of them is Cergau, where there is a zinc and lead smelter. The second is
Letca—Magoaja—Ileanda, characterized by nonferrous ore mining. The Zn values
were between 39 and 2900 pg/g, with the median being 137 pg/g (Stan et al.,
2001).

Zinc concentrations in moss in the Ukrainian Polissia and in the Ukrainian
Carpathian areas ranged from 9.0 to 128 pg/g with medians of 30.0 and 29.3
ng/g, respectively. These values almost correspond to background concentration
observed in Sweden and Norway.

4. Potential Ecological Effects of Heavy Metal and Risk Assessment

The average human life expectancy in Romania is one of the lowest in Europe:
66.56 years for men and 73.17 years for women. The considerable air pollution
including heavy metals is likely to be one of the factors responsible for these
unfortunate health conditions. In the period after 1989, and especially during
the last 3 years, extensive measures have been taken aimed at improving the
environmental conditions in Romania. The results shown in Table 1, however,
show that there is still a long way to go (Stan et al., 2001).
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At elevated levels, in soil and ground water, heavy metals can inhibit plant
growth, consequently reduce crop yield, and via the food chain cause harm to
human health. In spite of the slow accumulation of heavy metals in the environ-
ment, the evaluation of the level of deposition is consequently of vital importance.

Air pollution is a highly localized problem in Romania. While rural areas
are often pristine, urban and industrial areas suffer from acid rain and high
pollution levels. The state environment report lists 17 urban “hot spots” where
air pollution systematically exceeds environmental quality standards. Much of
Romania’s air pollution stems from its antiquated energy sector. Thermal power
plants continue to burn low-efficiency solid fuels (coal) and high-sulfur content
heavy fuel (oil).

Another major source of urban air pollution is Romania’s transportation
sector. Most cars on the road in Romania are old and poorly maintained, running
on gasoline that has the highest lead content among Eastern European countries.

As can be seen in data from the moss surveys (Tables 1 and 2), Romania has
the highest concentration of cadmium, chromium, and zinc among the European
countries participating in the moss survey. It also has a leading position with
respect to concentrations of other toxic heavy metals such as arsenic, iron, lead,
and vanadium. As mentioned above, the critical areas in Romania with regard to
pollution with heavy metals are Copsa Mica, Zlatna and Baia Mare as well as
Hunedoara, Calan, and Galati.

Of the neighboring countries to Romania, the moss survey data show
Slovakia is the most polluted with heavy metals, in particular by arsenic,
cadmium, chromium, lead, and zinc. Among the countries studied (Tables 1 and 2)
Hungary takes third place with regard to atmospheric pollution of their territory
by such heavy metals as cadmium, chromium, nickel, and arsenic.

Thus, the “Black Triangle” of Romania/Slovakia/Hungry could be dis-
tinguished based on the data of biomonitoring of heavy metal pollution of the
atmosphere. Transboundary transport of heavy metals across these countries
could also be important, particularly for lead.

Among the rest of the countries, in Poland elevated concentrations of
cadmium, lead, and zinc were observed, while in Bulgaria comparatively high
nickel and lead concentrations were observed.

As to Ukraine, the northern neighbor of Romania, all considered heavy
metals found in mosses were considerably lower in concentration in the south-
western regions of the Carpathians compared to the countries of “Black Triangle”.
In the Ukrainian Carpathians, the sources of heavy metals are industrial and
urban areas, such as L’viv, Ivano-Frankivs’k, Uzhgorod, Kalush, and Nadvirna,
while Zakarpattia and Chernivtsi regions have no intensive pollution sources.
According to our study (Blum et al., 2004) in areas neighboring Romania, the
Chernivtsi region there is stronger influence of the crust factor (metals originating
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from the earth’s crust) than of the western transportation of the polluted air
masses from Europe. This follows from the principle component analysis of our
data and comparison of the percentage contribution to the total dispersion of
factor F1: 74.99% in Chernivtsi region against 55.93% in the Zakarpattia region.

In spite of the fact that in Romania heavy metal concentrations exceed by
several times those from the neighboring Ukrainian regions, no influence from
long-range transport was observed by us. The major reason should be the high
relief which divides the regions.

As to the territory of Ukrainian Polissia (the north forested part of Ukraine),
it is much less polluted with heavy metals than the majority of areas of Central
Europe. Heavy metal concentration in mosses for some relatively clean territories
in Norway and Sweden and also in the Ukrainian Polissia served as background
levels.

Data from the moss surveys provide information on levels of atmospheric
heavy metal deposition and spatial distribution in Romania and neighboring
countries. However, further information is needed on the concentrations of
heavy metals into environment deposition rates and pathways, and effects on
human health and the environment. The results of the moss surveys comple-
ment the results of the technical monitoring, which enable authorities to work
out legal documents committing countries to reduce pollutant emissions for
specific target years and monitoring their success in reducing the impacts of air
pollutants on health and the environment.

5. Summary and Conclusions

Analysis of the data of the moss surveys showed that Romania was first among
the studied countries with respect to pollution of the atmosphere by toxic heavy
metals, in particular by arsenic, cadmium, zinc, lead, chromium, and vanadium.
The considerable contribution of emissions of heavy metals into the atmosphere
is made by such critical areas as Copsa Mica, Zlatna, and Baia Mare, as well as
Hunedoara, Calan, and Galati.

Slovakia takes second place in the pollution of its territory by the above-
mentioned heavy metals, while Hungary takes third place due to serious pollu-
tion of its territory by such heavy metals as arsenic, cadmium, chromium, and
nickel. Thus, the “Black Triangle” of Romania/Slovakia/Hungry could be
distinguished, within which transboundary transport of heavy metals could be
important, mainly for lead.

Among the rest of the studied countries, in Poland elevated concentrations
of cadmium, lead, and zinc were observed, while in Bulgaria comparatively
high nickel and lead concentrations were observed.
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As to Ukraine, the northern neighbor of Romania, all heavy metals found in
mosses were in considerably lower concentrations in the studied southwestern
regions of the Carpathians compared to the countries of the “Black Triangle”.
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28. POLLUTANT UPTAKE ON AGRICULTURAL LAND:
PRACTICAL MODELING

N. GONCHAROVA', D. BAIRASHEUSKAYA,

V. PUTYRSKAYA

Laboratory of Environmental Monitoring, International Sakharov
Environmental University, Minsk, Belarus

Abstract: Problems of "*’Cs behavior in the soil-plant system, particularly the
main parameters of "*'Cs vertical migration through the soil horizons are
investigated. The objectives of the work are to study the biological availability
of "'Cs on the example of field phytocenosis areas; to analyze the existing
models for radionuclide behaviur in soil; as well as to collect experimental data
about the “Sudkovo” farm for further research and practical model construction
for pollutant uptake and radionuclide behaviur on agricultural lands. A field
experiment was carried out on tilled agricultural and forest soddy-podzolic
(Podsoluvisols) soils in the south of Belarus affected by the Chernobyl accident.
All the data received during the conducted work were added to the experimental
data on “Sudkovo” farm, Khoiniki district, Gomel region, collected during the
last 20 years from different sources. The present research is directed at solving
modern problems connected with methodologies for rehabilitation of the terri-
tories polluted with radionuclides. The compilation of a model predicting "*'Cs
behavior in soil is very important to enable the use of agricultural land and
allow improvement of sown areas under conditions of radioactive contamination.

Keywords: transfer factor; vertical migration; soil—plant system
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1. Introduction

The Chernobyl accident resulted in radioactive contamination covering 23% of
Belarus, an area which is populated by 2.2 million people. Agricultural pro-
duction is conducted on 1.3 million hectares of contaminated land which had
7Cs deposition of 37-1480 kBq/m>. There are difficulties in producing food-
stuff which meets the national permissible levels of '*’Cs in some areas.

Radionuclides in the topsoil are potentially available for uptake by plant
roots for a long time period. The availability of "*'Cs to plants declines
significantly due to the process of “aging” and the fixation of "*’Cs in the soil.
The fraction of mobile *’Cs decreased in different soils on average more than
three times. Presently, the *’Cs fixed faction makes up to 87-98% of the total
content. Therefore, soil-to-plant transfer coefficients have to be updated
periodically to provide the credible forecast of contamination levels of agri-
cultural products.

The contamination level of agricultural products depends on several factors,
including the radionuclide deposition rate, soil type, texture and chemical
properties, and biological characteristics of plants (Avery, 1996; Bergeijk et al.,
1992; Coughtrey et al., 1989).

The main aim of our work was to determine parameters of radionuclide
transfer from soil to plants. These parameters are the basis for development of
protective measures in the long-term postaccident period to decrease the trans-
fer of "*’Cs into the food chain with minimal expenses. In relatively favorable
climatic conditions, the level of soil fertility is the most important factor
limiting the growth of crop yields with permissible levels of radionuclides.

2. Soil-to-plant transfer of ¥7Cs in soils of South Belarus

Migration of *’Cs derived from the fall out of the Chernobyl accident is
visualized by staining the flow pattern in the soil. Experiments were carried out
in a pasture, in a forest soil, and in a cropped soil on the land of Sudkovo farm,
Khoiniki district in the south of Belarus. We examined the correlation between
the distribution of *’Cs and the presence of preferential flow paths within the
upper 50 cm of three different soils:

1. Pasture soil (permanent grassland)
2. Forest soil

3. Field soil (from a farmed area)
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During each experiment, 2 plots (1 x 1 m?) were irrigated with a Brilliant Blue
FCF solution to stain the flow paths of water. The stained flow paths and the
nonstained matrix were sampled and the activity of "*’Cs determined. The plants
in the agricultural plots were cut at the 5 cm level aboveground. In the forest
plot, the litter was removed and its activity was measured.

2.1. SOIL: PREFERENTIAL FLOW PATH AND MATRIX

Selected chemical and physical properties of the studied soils are presented in
Tables 1 and 2.

TABLE 1. Soil characteristics of experimental plots

Plot Depth(cm) Soil type pH*
0-20 Soddy-podzolic 6.86
Pasture ]
20-40 (Podzoluvisols) 6.85
0-20 Soddy-podzolic 5.75
Forest .
20-40 (Podzoluvisols) 6.65
Soddy-podzolic
FIELD 0-20 . 6.90
(Podzoluvisols)

“Measured in a suspension of 2.5 mL/g of soil in deionized water

TABLE 2. Cation exchange capacity of two soddy-podzolic soils of the Sudkovo farm

Plot Depth (cm) Exchangeable cations
(meq/100 g soil)
K" Na' Mn** Ca®* Fe®*
0-20 18.7 22 3.7 2.7 2.9
Pasture
20-40 16.9 1.6 2.5 2.5 2.7
0-20 5.6 1.9 34 2.4 3.1
Forest
20-40 4.1 1.9 1.5 2.3 2.6

After applying the solution of Brilliant Blue FCF, flow paths stained by the
tracer could be distinguished from the unstained zones (matrix). The tracer
distribution is shown in Figure 1 for the three different ecosystems.
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Figure 1. Brilliant Blue FCF distribution over the vertical profile. Vertical profile observation in
the pasture (a), forest (b), and agricultural field (c).
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In the agricultural soil *’Cs was evenly distributed throughout the tilled
layer and, in the upper 0—15 cm, the concentration of *’Cs was higher in the

matrix than in the preferential flow paths (Figure 2a).

In the forest soil most of activity remained in the upper 0-5 cm layer with
two times higher concentration in the soil matrix than in the preferential flow
paths. In the lower layers, the concentration of "*'Cs decreased drastically

presenting higher values in the soil matrix (Figure 2b).

Forest
40-45 @ preferential flow path
W matrix
45-50 [
0 500 1000 1500 2000 2500
Cs-137 activity, Bg/k
(a) y 9
Field
I I
0-5 ‘ B

5-10
1
© 10-15
£
Q. 15-20
[
a 20-25 @ preferential flow path

B matrix
25-30 ‘
0 300 600 900 1200 1500
(b) Cs-137 activity, Bq/kg

Figure 2. Differences in activities of '*’Cs in preferential flow paths and matrix in an agricultural

soil (a) and forest soil (b) with depth.
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Figure 3. Correlation between brilliant blue FCF concentration and '*’Cs activity in the pasture
(a) and in the forest (b).

The analysis of the concentration of Brilliant Blue FCF (mg/g of soil) and
concentration of "*’Cs in soil (Bq/g of soil) in the preferential flow paths dis-
played no statistically significant correlation (Figure 3).
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2.2. B’CS CONCENTRATION IN PLANTS

The results of measurements of "*’Cs activity concentration in the root system
and in the plant vegetative mass of three studied areas are presented in Table 3.
These data show that the highest '>’Cs concentrations were observed in grasses
(tops and roots) sampled in the forest. Grasses sampled in the pasture showed
intermediate "*’Cs concentrations, and plants sampled in the agricultural soil
had the lowest concentrations.

TABLE 3. The quantitative characteristic of '*’Cs accumulation by green mass and roots of
different plants grown in the pasture, agricultural field, and in the forest of Sudkovo farm.

Plant sample ¥7Cs (Bg/kg)
Winter rye (green ears) 3.5£0.02
Winter rye (leaves + stem) 8.7+£0.04
Winter rye (roots) 26.1 £ 1.1
Maize (green mass) 36.8+ 1.4
Maize (roots) 70.7+1.2
Motley grass (green mass) 98.8+12.3
Motley grass (roots) 1212+ 173
Forest graminae (green mass) 503.8 £23.6
Forest graminae (roots) 31499+ 35.6

2.3. TRANSFER FACTOR VALUES

Soil-to-plant transfer factors (TF) were calculated for all experiments. They

describe the quantitative characteristics of '*’Cs accumulation by plants, which

allow comparing the rate of *’Cs entry into the plants of different ecosystems.
We calculated the TF as follows:

TF — Cplant
C

soil

where Cpjan 18 B7Cs activity (Bg/kg) of dry weight plant and C; is °’Cs
activity (Bg/kg) of dry 20 cm depth soil.

TF values calculated for winter rye and motley grass grown in the agri-
cultural field were similar to the expected value given by International Atomic
Energy Agency (IAEA) or within the confidence range given therein (Table 4).
The TF value calculated for maize was nine-fold higher than the tabulated value
given by IAEA. Similarly, the TF value calculated for the forest graminae was
higher than the tabulated value, but within the confidence range given by IAEA.
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TABLE 4. Comparison between transfer factor (TF) values calculated for experimental data and
tabulated data obtained from the International Atomic Energy Agency, Vienna (1994)

Plant species Calculated value Tabulated value 95% confidence
range
Winter rye 0.02 0.02 0.001-0.01
Maize 0.09 0.01 0.001-0.01
Motley grass 0.11 0.11 0.011-1.1
Forest graminae 0.51 0.11 0.011-1.1

In conclusion, the even distribution of *’Cs with depth in the agricultural
soil can be explained by the effect of ploughing which alters the soil structure
and creates a homogeneous upper horizon. On the other hand, no clear relation
could be shown between structure and radionuclide presence in the Belarussian
forest soil. The TFs varied significantly for different plant species which can be
due to different uptake of '*’Cs by the roots. The higher concentration of *’Cs
in grasses grown in the forest can be due to their shallow root systems foraging
in the soil with high *’Cs content and to the higher availability of *’Cs in this
soil where it is weakly bound onto organic matter compounds (Rigol et al.,
2002).

3. Review of the Database

The database of soil-to-plant TFs for radiocaesium has been compiled for
Sudkovo farm, Hoiniki district, Gomel region, South Belarus. It contains auxi-
liary data on important soil characteristics. The database is subdivided into
several soil-crop combinations, covering three soil types and six plant groups
(Table 5).

TABLE 5. Summary of data recorded in the Sudkovo farm database

Parameter Classification

Soil type Podzoluvisol, Gleysol, Histosol

Plant species Natural field grass, natural herbage grass, legume crops, forage
crops, industrial crops, woody plants

Soil characteristics pH, organic matter content, cation exchange capacity (CEC),
exchangeable K, N, and CA*

TF Calculated values

*Only for 1992

The database includes information on the following soil and plant char-
acteristics: year of experiment (1988-2001), pH, soil type, TF, plant species,
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humus content (%), soil radioactivity (Bq/kg), nutrient components (mg/100g
soil), plant radioactivity (Bg/kg), "*'Cs activity in soil layers (045 cm).

In Figures 4-6, the results of GIS design development and data visualization
are presented.

Soil types
[ ]Podzoluvisols
Podzoluvisols gleyed
[_] Histosols

N

N

3 Q 3 6 Kilometers S

Figure 4. Soil types of Sudkovo farm, Hoiniki district.

1
2
3
N
E
Kilometers L

Figure 5. Humus content of Sudkovo farm, Hoiniki district.
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Plant specie Ryegrass
Organics, % 1.2
pH 58

137Cs in soil, Bgq’kg 2150
137Cs in plant, Bq/kg 792

K,0, mg/100 g soil 0.37
P,0,, mg/100 g soil 4.5
Ca*", mg/100 g soil 7.7

Mg'', mg/100 g soil 8.2

* Sample points, 1992
Types of land use
Arable land

Perenmal planting
ITaymaking

Pasture

Kilometers

Figure 6. Database information (example).

Statistical analysis was used to find the dependence of TF on soil
characteristics as well as the variables that explain the main variance of the
original data, to be able to apply an equation which describes variable
contribution to the TF, and to try to specify the model relying on the results
obtained during the work. These goals were reached using the following means:

e Correlation analysis
e Principal components analysis (PCA)
e Linear and nonlinear regression analysis

The result of correlation analysis was used to find out the relationships between
all studied parameters. The total variance was described by several main
parameters (Figure 7).
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Figure 7. Input of different variables in the components (1992).

This allowed us to describe the behavior in the whole system with the help
of one formula. Taking into account that after preliminary analysis the cation
exchange capacity (CEC) and organic content were the main parameters influ-
encing the TF values, we proposed the following equation for the calculation
of the TF:

TF = A, CEC-organics + 4,

where 4, and A, are optimized free parameters (Table 6).

TABLE 6. Free parameters for the transfer factor calculation

Free parameter Calculated value Standard deviation
Ay —0.019 0.014
A 0.205 0.016
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4. Conclusions

The results showed that:

1. The use of *'Cs as a model tracer for prediction of flow path persistence in
soils presented strong limitations in the soils studied. The soddy-podzolic
soil in Belarus showed no correlation between structure and *’Cs activity.
A poor correlation between the dye tracer and the concentration of "*’Cs
was observed in the field experiments.

2. The TF parameter used in risk assessment models to estimate the soil-to-
plant transfer of radionuclides can be a realistic descriptor for certain plant
species grown under homogenously contaminated soils, while it appears to
underestimate the soil-to-plant transfer of Cs by maize grown in the
agricultural soils studied. TF values calculated for winter rye and motley
grass grown in the agricultural soil of Belarus and for the forest graminae
were similar to the value calculated for maize in the homogenously
contaminated potted soil and these values were equal to the expected TF
values reported by IAEA (1994). Contrarily, the TF calculated for maize
grown in the agricultural soil in Belarus displayed a 30-fold and a nine-fold
higher value, respectively.

3. The analysis of the database obtained from data collected in the Gomel
region, south of Belarus, indicated that CEC and soil organic content were
the main factors influencing the TF. Based on these results, a modified
equation for the calculation of the TF is proposed.
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29. PLANT-MICROBE SYMBIOSIS FOR BIOREMEDIATION
OF HEAVY METAL CONTAMINATED SOIL: PERSPECTIVES
FOR BELARUS
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Environmental University, Minsk, Belarus

Abstract: Problems of heavy metal and radionuclide contamination are very
important for Belarus. About 23% of its territory is contaminated with radio-
nuclides, some areas are heavily contaminated with Cu, Zn, Pb, and Cd. Heavy
metals can be carcinogenic and mutagenic even at low doses, are not bio-
degradable and are easily accumulated by live organisms. Phytoremediation and
bioremediation technologies are just beginning to be developed in Belarus.
Some research studies in the field of phytostabilization and phytoextraction
of heavy metals in soil are realized. However, mechanisms of heavy metal
accumulation and hyperaccumulation for cleanup of contaminated soils need
more consideration. The problem of hyperaccumulator plants consists of their
low biomass and slow growth. So, different ways to improve heavy metal
phytoremediation should be considered. Bacteria play an important role in soil—
plant interaction and their influence on heavy metal contamination attracted
attention. Plant-assisted bioremediation involves remediation of contaminated
soils with both plants and microorganisms associated to their rhizosphere.
Alfalfa with its symbiotic bacteria was successfully applied to the final step of
remediation of organically polluted areas. But the mechanisms and the role of
bacteria in heavy metal accumulation by plants need further research. We present
our results concerning the role of bacterial polysaccharides in metal accumulation
by plants. It is shown that metal transfer into solution from elemental form
depends on the exopolysaccharide (EPS) concentration in solution and glucuronic
acid content in EPS. Bacterial polysaccharides do influence zinc uptake by the
hyperaccumulator plant Thlaspi caerulescens. Possible perspectives for plant—
bacterial remediation systems are discussed.
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Keywords: phytoremediation; Cd; Zn; Ni; Thlaspi caerulescens; Rhizobiaceae

1. Introduction

Problems of heavy metal and radionuclide contamination are very important for
Belarus. About 23% of its territory is contaminated with radionuclides, some
areas are heavily contaminated with Cu, Zn, Pb, and Cd. Heavy metals can be
carcinogenic and mutagenic even at low doses, are not biodegradable and are
easily accumulated by live organisms. Soils in Belarus are mostly contaminated
by Pb: concentration ranges between 109 and 370 mg/kg soil dry weight, Zn: 21
mg/kg, Cd: 0.4 and 3.5 mg/kg, Cu: 86 and 138 mg/kg, sulfates and other
pollutants (Lukashev and Okun, 1996).

Conventional remediation methods such as soil excavation followed by
coagulation—filtration or ion exchange are expensive and disruptive to eco-
systems. In situ bioremediation and phytoremediation attract attention as low-
cost and effective methods for restoration and remediation under many site
conditions. Phytoremediation, the use of hyperaccumulator plants to extract
heavy metals from contaminated soils, is one prospective method, gaining much
attention recently. One of the possible strategies is phytoextraction of heavy
metals by hyperaccumulator plants. Phytoextraction is the use of plants to
remove toxic elements from contaminated environments. The metal is extracted
from soil and translocated to harvestable parts of the plant (Baker et al., 1994).

The practical utility of many hyperaccumulators for phytoremediation may
be limited, because many of these species, including 7. caerulescens J et C
Presl, are slow growing and produce little shoot biomass, severely constraining
their potential for large-scale decontamination of polluted soils (Lasat et al.,
2000). The effectiveness of phytoextraction depends on the capacity of hyper-
accumulator plants to grow, to develop their root system, and to accumulate
available metals into vegetable parts of plant (Schwartz et al., 1999). Increasing
metal phytoavailability may be beneficial for phytoextraction and recovery
using (hyper) accumulating plants, whereas an essential reduction in toxic metal
phytoavailability (phytostabilization) may be promising for planting agricul-
tural crops.

However, a lack of understanding of the mechanisms involved in heavy
metal tolerance and hyperaccumulation prevents the optimization and wide use
of the technique. It is therefore a research priority to gain basic information on
sink capacities and transport mechanisms of heavy metals into the cells of
hyperaccumulator species. Thlaspi caerulescens, a hyperaccumulator of Zn, Cd,
and Ni (depending on the population tested) has been recognized as an interes-
ting model for studying hyperaccumulation (Assuncao et al., 2003).
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The exudates of bacteria in the plant rhizosphere play an important role in
plant—microbial interactions. Soil microorganisms are constantly challenged by
environmental fluctuations such as nutrient limitation, water shortage, exposure
to elevated temperature, acidity, heavy metals, high osmolarity, or high salinity.
To adapt to these adverse conditions, microbes have evolved mechanisms to
monitor the environment and to alter gene expression patterns, enzyme activity,
and transport proteins that enable them to cope with the new environmental
conditions. Soils may become contaminated with metals from a variety of
anthropogenic sources such as smelters, mining, power stations, industry, and
application of metal pesticides, fertilizers, and sewage sludge to land (McGrath
et al., 1995).

Mechanisms of heavy metal tolerance in bacteria are diverse and may
involve energy-dependent efflux of the metal, precipitation of the metals as
insoluble salts, alteration in membrane permeability to the metal, immo-
bilization of the metal within the cell wall, production of chelating agents, such
as metallothioneins, phytochelatines, and polysaccahrides (Mejare and Biilow,
2001).

Microbial-driven processes are essential also for mineral weathering
(Banfield et al., 1999). A complex role is played by microbial polysaccharides
and proteinaceous structures, which can either inhibit mineral dissolution under
some conditions by forming biofilms or promote chemical weathering by pro-
ducing extracellular polymers of an acidic nature and increase metal bioavaila-
bility and phytoavailability and thus affecting the fertility of soils. The role of
rhizobium polysaccharides in plant-host interaction is quite well studied, but
their capacity to absorb heavy metals was investigated only recently (Mamaril
et al., 1989).

Despite recent advances (Assuncao et al., 2003) the mechanisms underlying
metal hyperaccumulation are still largely unknown and the role of soil bacteria
on the behavior of heavy metals in soil and the mechanisms of metal accu-
mulation by plants needs more deep understanding.

In this study, we investigated the physiological and molecular basis for
plant heavy metal hyperaccumulation through an investigation of Cd, Zn, and
Ni metal dissolution from elemental form into solution in the presence of
rhizobium exopolysaccharides (EPS), and Cd and Zn transport and accumulation
in shoots and roots of the metal hyperaccumulator plant 7. caerulescens relative
to the uronic acid content in EPS.
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2. Materials and Methods

We previously isolated mutant Rhizobiaceae strains producing new EPS with
promising properties from Medicago plants, which were exposed to chronic
irradiation in the Chernobyl area (Lopareva et al., 2003).

For this experiment, four strains were chosen, producing EPS with different
structures. Strains Str 1 and Str 5 were isolated from Medicago sativa plants
grown on a radionuclide-contaminated area, where they probably acquired resis-
tance to environmental pollution. A collection of strains with known properties
were used as controls: Sinorhizobium meliloti M5N1, producing EPS succino-
glucan and S. meliloti M5N1 CS, producing glucuronan from Laboratoire des
Polysaccharides Microbiennes et Vegetaux, LPMV, Amiens, France (Table 1).

TABLE 1. Characteristics of chosen exopolysaccharides

EPS pH Uronic acids ~ Glucose:galactose:gluc ~ Pyruvat:acetate:
(%) uronic acid:fucose suucinate

Succinoglycan 7.8+0.2 0 7:1:0:0 1:1:1

EPS Str 1 6.5+0.2 36 1,5:1:2:1 1:2:0

EPS Str 5 5.0+£0.1 44 1,4:1:2:0 3:2:0

Glucuronan 54+0.1 100 0:0:1:0 0:0:0

EPS were obtained in a fermentor, precipitated by three volumes of ethanol
and lyophilized.

Pure Cd’ and Zn" dissolution experiments in water and a nutritive solution
of Arnon and Hoagland were conducted in 100 mL plastic pots over a period of
24 h at 28°C with manual shaking three times per day. EPS were added at a
concentration of 0.1 g/L. Metal concentrations were Cd” at 280 mg/L (Prolabo,
Cd shots, 99.5%), Zn® at 200 mg/L. Ni was added in Ni-goethite form at 200
mg/L.

Experiments with plants were conducted over 5 weeks in hydroponics pots
in sterile conditions. Glucuronan and EPS Str 5 were injected at concentrations
of 0.1 g/L in T. caerulescens J&C Presl (Brassicaceae) rhizosphere on 90 mL
odified media Hoagland and Arnon (1938). The experiment was conducted in
hydroponics in a phytotron under controlled standard conditions. Plants were
grown in growth chambers under conditions of 120 pmol/ m*/s white light, 16 h
photoperiod, 25°C day, 19°C night, and 60% relative humidity. Metals were
added in elemental forms as previously described for dissolution experiments.
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Morphological characterization of the plants was performed after scanning plant
roots using special equipment (WinRhizo scan system, Regent Instruments
Image Analysis system) (Allison et al., 1991). The total Cd, Zn, and Ni content
was analyzed after sulfuric acid mineralization by inductively coupled plasma
mass spectrometer (ICP-MS) methods. Statistical analyses of the metal
accumulation data were conducted using Student’s #-test and analysis of
variance (ANOVA) followed by Student-Nueman—Keuls posthoc analysis
(Statistika 6.0). Samples sizes for 7. caerulescens accessions were n = 5; for
metal dissolution experiments n = 3.

3. Metal Dissolution in the Presence of Rhizobial Polysaccahrides
Experiments to determine the effect of EPS on metal dissolution in free form
(Zn°, Cd") showed that glucuronan, containing 100% glucuronic acid, signifi-

cantly stimulated metal dissolution compared to the control (Table 2).

TABLE 2. EPS influence on elemental metals dissolution in water solution

EPS Zn*" (ug/L) Cd*" (ug/L)
Control 416.9+47.7  53.48+21.17
Succinoglycan 92.4+6.9 2.34+£0.69
EPS Str 5 378.6 +54.6  87.25+29.38
Glucuronan 6402.4 +220.4  255.7+1.87

This effect is more significant in distilled water than in nutritive media for
plants. Glucuronan increased the concentration of Cd ions in water solution by
4.8 times (P < 0.05) and Zn by 15 times (P < 0.01) compared to the control. Str
5 containing 50% glucuronic acid was not as efficient in Cd dissolution and
increased the Cd ion concentration in solution only 1.6 times compared to the
control. When using Succinoglycan, a polysaccharide, which does not contain
glucuronic acid, Cd, and Zn concentration in solution was 23 (P < (0.01) and 4
(P < 0.05) times less, respectively. These results can be explained by the
differences in EPS structure, as Succinoglycan did not stimulate metal disso-

lution and chelated ions from solution.
The analysis of Cd and Zn ion concentrations in solution and uronic acid

concentration in EPS content (EPS concentration 0.1 g/L) showed significant
correlation (Figure 1).
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Figure 1. Correlation between uronic acid concentration in EPS and Cd (a) and Zn (b) ion
concentration in solution.

Our results are in accordance with a study by Welch et al. (1999), which
demonstrated that, like low-molecular weight organic ligands, the high-
molecular weight acid polysaccharides can also affect mineral weathering
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reactions. Microbial extracellular polymers can impact metal bioavailability by
several mechanisms. Microbial capsules or slimes are composed of 90-99%
water, and serve as antidesiccation protection for the cell. Capsules also help
retain water at the mineral surface, increasing the time available for mineral
hydrolysis reactions while maintaining diffusion pathways as water potential
decreases (Chenu and Roberson, 1996). In addition to these indirect effects,
microbial EPS can directly affect mineral weathering reactions. The compounds
often contain carboxylic acid or other functional groups that complex with
mineral ions, lowering the solution saturation state, thereby enhancing dis-
solution.

Our results show that metal transfer from elemental to ion form in solution
strongly depends on the EPS concentration in solution and uronic acid content
in the polysaccharide. Also the effectiveness of the polysaccharide depends on
its polymer structure and composition, the orientation of complexing functional
groups, dissociation, and metal-ligand stability constants of functional groups,
as well as solution composition (Barker et al., 1998).

EPS interaction with Ni was studied on four polymers: glucuronan (100%
glucuronic acid), Str 1 and Str 5 (about 50% glucuronic acid), and succino-
glycan (0% glucuronic acid). Ni was added in goethite form (alpha-FeOOH),
where Ni can replace Fe’* ions, and is in a form not readily available to plants.
Only about 0.25% of the Ni in goethite transferred in 7. caerulescens plants
(Echevarria et al., 1998).

Results are shown in Table 3. The presence of glucuronan increased the nickel
concentration in water by 1.4 times compared to the control (P < 0.01).

EPS Str 1 and Str 5, containing 36% and 44% of glucuronic acid, respec-
tively, increased the Ni** concentration 1.1 times greater than the control, while
succinoglycan did not significantly change the nickel ion concentration in
solution compared to the control.

TABLE 3. EPS influence on Ni*" transfer from goethite into water solution

EPS Ni concentration (ug/L)
Control 160.15 +2.03
Succinoglycan 157.87 £ 12.28
EPS Str 1 180.45 +1.45
EPS Str 5 172.45 +3.54
Glucuronan 216.31+2.36

Correlation analysis showed that Ni*" transfer from bound Ni in goethite
into water solution depends on uronic acid content in EPS (Figure 2).
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Figure 2. Correlation between nickel ion transfer into solution from goethite form and uronic acid
content in polysaccharides.

The studied polysaccharides can be arranged in descending order by their
affect on Ni desorption from goethite: glucuronan > Str 5 > Str 1 > succino-
glycan.

The influence of polysaccharide concentration in solution on Cd” and Zn°
dissolution was studied, for EPS concentrations: 0.01; 0.1; and 1.0 g/L. Results
are presented in Figure 3.

Correlation analysis of Cd and Zn ions dissolved in solution from their
elemental form, and EPS concentration showed that there is a strong correlation
between the glucuronan concentration and Cd ion (#spirmen = 0.95, P < 0.01) and
Zn ion (Fspimen = 0.94, P < 0.001) concentrations in solution. For EPS Str 5
there was not a significant correlation in the case of Cd (Fspirmen = 0.16, P <
0.01), and a negative correlation in the case of Zn (spimen = —0.88; P < 0.001).
The fact that Zn decreased with an EPS Str 5 increase in solution can be
explained by differences in polymer structure and composition from glu-
curonan, as polymer Str 5 was more viscous and chelated metal ions from
solution.
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The correlation between elemental metal dissolution and uronic acid con-
centration in EPS adds a novel aspect to understanding the role of bacteria in
metal bioavailability to plants. For heavy metal phytoremediation (and phyto-
extraction, in particular), bioavailability of metals in contaminated soils is a
crucial factor regulating metal uptake by plant roots (Echevarria et al., 1998).

4. Influence of EPS on Metal Accumulation by 7. caerulescens

T. caerulescens J et C Presl is a well-known hyperaccumulator plant of Ni, Zn,
and Cd. The effectiveness of phytoextraction depends on the capacity of
hyperaccumulator plants to grow, to develop their root system, and to accumulate
available metals into vegetable parts of the plant. Increasing metal phytoavail-
ability may be beneficial for phytoextraction using hyperaccumulating plants,
whereas an essential reduction in toxic metal phytoavailability (phytostabilization)
may be promising for planting agricultural crops.

Plants were grown in hydroponic conditions with EPS glucuronan and Str 5.
There were no significant differences (P > 0.05, ANOVA, Tukey multiple com-
parisons test) in root length and root area of treatments with EPS compared

with the control (Figure 4).
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Figure 4. Root length and area of Thlaspi caerulescens in the presence of EPS glucuronan and Str 5.

Treatment of plants with glucuronan and EPS Str 5 stimulated Cd dissolu-
tion from the pure metal form (Cd®) and its concentration in plant rhizosphere
and roots. After 5 weeks of treatment, the Cd concentration was 17-20 mg/L in
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the presence of Str 5 and glucuronane, which is seven times greater than the
control (2.8 mg/L). No visible toxic effects to plants were found. Our results are
in accordance with Pr. Morel and colleagues who demonstrated that the con-
centration of Cd 24 mg/L is not toxic for 7. caerulescens plants (Schwartz
et al., 1999).

Despite the fact that the presence of polysaccharide-stimulated dissolution
of pure metal and the Cd concentration in solution was high, this liberated Cd
did not transfer to shoots (Figure 5).

Cd* in plants, mg/kg

O = N W Pk U N o O
Biomasse dry, mg/pot

Control Glu Str5
M Cd (0) shoots Cd (0) roots
—&— Masse shoots, mg —0— Masse roots, mg

Figure 5. Cd accumulation in Thlaspi caerulescens in the presence of EPS Glucuronan and Str 5.

The Cd concentration in shoots treated with EPS Str 5 did not change and
was three times less (P = 0.005) with glucuronan, when compared to control.
But, the Cd concentration in roots was slightly (1.6 times) greater than in the
control case.

Glucuronan presence in the 7. caerulescens thizosphere significantly
stimulated Zn accumulation in shoots, at 1.7 times (P < 0.01) compared to the
control (Zn’ in nutritive media without EPS) (Figure 6).



412 PLANT-MICROBE SYMBIOSIS FOR BIOREMEDIATION OF SOIL

4000 12

3500 10
2 3000 B
o g =
g 2500 En
% 2000 6
E. 1500 4 g
. 1000 | o
S 500 i 2

0 z e 0
(Control Glu StrS
M 7n(0), shoots Zn(0), roots
—a— Masse shoots, mg —0O— Masse roots, mg

Figure 6. Zn accumulation in Thlaspi caerulescens in the presence of EPS glucuronan and Str 5.

Thus, glucuronic acid containing polysaccharide significantly stimulated
zinc accumulation in aerial parts of 7. caerulescens. Cd accumulation was not
affected by EPS presence in our experiments. It is generally believed that Cd
uptake by plants represents opportunistic transport via cation channels for Ca
and Mg or via a carrier for other divalent cations such as Zn, Cu, or Fe
(Banfield et al., 1999). It also has been suggested that there exist common
mechanisms of absorption and transport of Zn and Cd in 7. caerulescens
because Cd and Zn have a similar electronic structure (Baker et al., 1994).
There is evidence that the Zn transporter, ZNT1, recently cloned from the
Prayon ecotype of T. caerulescens also can mediate transport of Cd. Zn was
found in some cases to depress Cd uptake, indicating some kind of interaction
between these metals (Lombi et al., 2000). However, because of differences in
Cd uptake found between populations, it seems now that there might be diff-
erences between Cd and Zn for uptake and accumulation by 7. caerulescens
(Lombi et al., 2000; Assuncao, 2001, 2003). Our data confirms that there can
exist various mechanisms as accumulation of Zn and Cd by T. caerulescens
differed in the presence of glucuronic acid-containing polysaccharides.
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5. Conclusion

The microbial soil community can alter the soil composition and properties in
the course of metabolic processes, in particular by biodegrading and minera-
lizing organic matter. Thus, heavy metal phytoavailability can be affected by
soil microbiota.

Production of organic acids by soil fungi and bacteria, including rhizo-
bacteria, may promote solubilization, mobility, and bioavailability of metals
and accompanying anions (e.g., phosphate) by lowering the pH and supplying
metal-complexing organic acid ligands. An important role is played by bacterial
exudates, in particular exogenous polysaccharides (Welch et al., 1999). This is
confirmed by the correlation of heavy metal dissolution and uronic acid con-
tent in EPS shown in this work. Increasing metal phytoavailability may be
beneficial for phytoextraction and recovery using hyperaccumulating plants,
whereas an essential reduction in toxic metal phytoavailability (phytostabilization)
may be promising for planting agricultural crops.

The effect of EPS influence on heavy metal sorption by plants and EPS
influence on metal dissolution can be one of the possible explanations of
increased accumulation of different pollutants by leguminous plants. Plant-
associated symbiotic bacteria (Rhizobium) can produce polysaccharides with
varied structure and monosaccharide composition, including uronic acid, which
can affect the metal form in soil and its availability to plants. When planting
leguminous crops on polluted areas it is necessary to consider EPS chemical
structure produced by leguminous symbiotic bacteria.

The results show the role of rhizobium EPS in heavy metal accumulation by
plants. However, field experiments with hyperaccumulator plants and leguminous
plants infected by rhizobium strains, which produce EPS with different glucu-
ronic content, remain to be conducted. These approaches are to be investigated
in the near future.

Acknowledgments

The present work was carried out in collaboration with Laboratoire Sols et
Environnement (LSE), ENSAIA/INPL INRA, Nancy, France and supported by
NATO basic fellowship “Effects of cultivation in association of heavy metal
hyperaccumulator plants and leguminous plants in contaminated soils”. The
authors are grateful to professors Josiane and Bernard Courtois for EPS
(glucuronan, succinoglycan property of LPMV-CNRS FRE 2779, IUT Amiens)
used in this study.



414  PLANT-MICROBE SYMBIOSIS FOR BIOREMEDIATION OF SOIL

References

Allison, J.D., Brown, D.S., Novo-Gradac, K.J., 1991, MINTEQA2/PRODEFA2, A geochemical
assessment model for environmental systems: Version 3.0 Users manual, EPA 600/3-91/021,
US Environmental Protection Agency, Athens, GA.

Assuncao, A.G.L., Martins, P.D., De Folter, S., Vooijs, R., Schat, H., Aarts, M.G.M., 2001,
Elevated expression of metal transporter genes in three accessions of the metal hyper-
accumulator Thlaspi caerulescens, Plant Cell Environ. 24: 217-226.

Assuncao, A.G.L., Schat, H., Aarts, M.G.M., 2003, Thlaspi caerulescens, an attractive model
species to study heavy metal hyperaccumulation in plants, New Phytol. 159: 351-360.

Baker, A.J.M., Reeves, R.D., Hajar, A.S.M., 1994, Heavy metal accumulation and tolerance in
British populations of the metallophyte 7hlaspi caerulescens J & C Presl (Brassicaceae), New
Phytol. 127: 61-68.

Banfield, J.F., Barker, W.W., Welch, S.A., Taunton, A., 1999, Biological impact on mineral
dissolution: application of the lichen model to understanding mineral weathering in the
rhizosphere, Proc. Natl. Acad. Sci. US4 96: 3404-3411.

Barker, W.W., Welch, S.A., Banfield, J.F., 1998, Experimental observations of the effects of
microorganisms on silicate mineral weathering, Am. Mineralogist 83: 1551-1563.

Chenu, C., Roberson, E.B., 1996, Diffusion of glucose in microbial extracellular polysaccharide
as affected by soil water potential, Soil Biol. Biochem. 28: 877-884.

Echevarria, G., Morel, J.L., Fardeau, J.C., Leclerc-Cessac, E., 1998, Assessment of phyto-
availability of nickel in soils, J. Environ. Qual. 27(Series D): 1064—1070.

Lasat, M.M., Pence, N.S., Garvin, D.F., Ebbs, S.D., Kochian, L.V., 2000, Molecular physiology
of zinc, transport in the Zn hyperaccumulator Thlaspi caerulescens, J. Exp. Bot. 51: 71-79.
Lombi, E., Zhao, F.J., Dunham, S.J., McGrath, S.P., 2000, Cadmium accumulation in populations

of Thlaspi caerulescens and Thlaspi goesingense, New Phytol. 145: 11-20.

Lopareva, A., Pawlicki-Julian, N., Goncharova, N., Courtois, B., Courtois, J., 2003, Charac-
terization of EPS from Rhizobium of plants grown on the area contaminated with
radionuclides. Proceedings of Working Group 3, Soil-Plant Relationships, XXXIII Annual
Meeting of ESNA, Viterbo, Italia, pp. 42—46.

Lukashev, V.K., Okun, L.V., 1996, Heavy metal contamination of Minsk, Mn. 80p.

Mamaril, J.C., Paner, E.T., Capuno, V.T., Trinidad, L.C., 1989, Reduction of heavy metal con-
centration in liquids by Rhizobium polysaccharides, Asean J. Sci. Technol. Dev. 6(2): 75-86.

McGrath, S.P., Chaudri, A.M., Giller, K.E., 1995, Long-term effects of metals in sewage sludge
on soils, microorganisms and plants, J. Ind. Microbiol. Biotechnol. 14: 94—104.

Mejare, M., Biilow, L., 2001, Metal-binding proteins and peptides in bioremediation and
phytoremediation of heavy metals, Trends Biotechnol. 19(2): 67-73.

Schwartz, C., Morel, J.L., Saumier, S., Withing, S.N., Baker, A.J.M., 1999, Root structures of the
Zn-hyperaccumulator seedling Thlaspi caerulescens have affected by metal origin, content
and localization in soil, Seedling Soil 208: 103—115.

Welch, S.A., Barker, W.W., Banfield, J.F., 1999, Microbial extracellular polysaccharides and
plagioclase dissolution, Geochim. Cosmochim. Acta 63: 1405-1419.



PART IV
ISSUES RELATED TO METALS
IN THE ENVIRONMENT



30. ENVIRONMENTAL SECURITY IN TRANSITION COUNTRIES:
KNOWLEDGE GAPS, HURDLES, AND EFFECTIVE STRATEGIES
TO ADDRESS THEM

SUSAN ALLEN-GIL"
Environmental Studies Program, Ithaca College, Ithaca,
NY 14850, USA

OLENA BORYSOVA

Kharkiv National Academy of Municipal Economy, Dept.

of Environmental Engineering and Management, 12 Revolutzii
str Kharkiv 61002 Ukraine

Abstract: Achieving environmental security, which addresses the negative
impact of human activities on the environment, direct and indirect effects of
environmental scarcity and degradation, and the insecurity individuals and
groups experience due to environmental change, is a critically important issue
for transition countries confronting postindustrial pollution and/or resource
scarcity. For some countries, knowledge gaps in how to apply scientific infor-
mation to public policy present a formidable obstacle. In other cases, the rapid
rate of political and economic change hinders the ability of jurisdictions to
tackle complex environmental problems on large spatial or temporal scales.
Also, the lack of a strong economy and funding limits the progress in reme-
diating postindustrial contaminated sites. Effective strategies to overcome these
knowledge gaps and implementation hurdles include using risk assessment to
identify priority issues and/or sites, and to use entry into the European Union
(EU) as a lever to implement and enforce legislation that will ensure environ-
mental security.
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1. Introduction

As regionalization through the expansion of the European Union (EU) and
globalization through international trade and tourism expand, environmental
concerns tend to become increasingly complex and cover large spatial and
temporal scales. Since the preindustrial times, environmental concerns have
grown from localized pollution issues (such as cholera in drinking water and
industrial urban smog) to global concerns regarding ozone depletion, climate
change, and loss of biodiversity. The sheer number of environmental problems,
the ways in which they interact with each other, and the potential for global
ecological collapse makes environmental security a priority for all nations. The
goal of environmental security is to protect people from the immediate and long-
term ravages of nature, human-induced threats to nature, and deterioration of the
natural environment (Barbu et al., 2007, this volume). It encompasses concerns
about the negative impact of human activities on the environment, direct and
indirect effects of environmental scarcity and degradation, and the insecurity
individuals and groups experience due to environmental change such as water
scarcity, air pollution, and global warming (Barbu et al., 2007, this volume). The
importance of environmental security is evident in the joint development among
the United Nations (UN), North Atlantic Treaty Organization (NATO), and other
regional consortiums of the Environment and Security Initiative (EnvSec), which
focuses on assessment of environmental and security risks, and capacity building,
and institutional development to strengthen environmental cooperation as well as
integration of environmental and security concerns and priorities in international
and national policy making (Ozunu et al., 2007, this volume).

Issues of environmental security are particularly acute in transition countries
where there is a legacy of severe industrial pollution almost unparalleled anywhere
in world, a very rapid rate of cultural and economic change, and often insufficient
financial resources and managerial expertise to adequately address them. For
example, the Copsa Mica region of Romania is heavily polluted from previous lead
smelting and carbon-processing operations. The spatial sale of contamination is so
large that soil cleanup is economically prohibitive. The loss of other economic
opportunities in the area has raised local unemployment to 60%, resulting in
community support for reopening the smelter under new management (Gurzau,
2006, Sibiu Romania personal communication). This is just one example of the
processes and challenges taking place from Eastern Germany to the Ural Mountains.

The participants of the Advanced Research Workshop were divided into two
Working Groups (see Appendix A). The first group summarized the challenges
facing transition countries, as well as some strategies to address these challenges.
The second group proposed a path forward to apply these strategies and
methods in a case study.
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2. Knowledge Gaps and Hurdles

Achieving environmental security in transition countries is exceedingly chall-
enging at present, in part because of the knowledge gaps and hurdles to effective
practices and strategies.

The largest knowledge gap is in how to approach complex environmental
problems. Soviet bloc scientists have strong technical knowledge in hard sciences,
but translating that knowledge into public policy is not easy. The education
system under the former Communist bloc emphasized natural history and detailed
investigations of specific biological, chemical, and physical processes with
insufficient attention to the interactions among them. Additionally, tradition of
interdisciplinary education and research that looks into relations between ecolo-
gical and social processes is younger than in the Western countries. Problem-
solving and managerial skills were also never high on the university education
agenda. There have been two significant consequences: (1) there is a disconnect
between the basic science and the ability to apply it to solve complex, large-scale
problems (2) policy makers are typically ill-equipped to approach concerns from
an interdisciplinary perspective. This will require a continued education of
scientists and policy makers to bridge the basic and applied sciences, and a
retooling of environmental curriculum in higher education in transition and
countries of the former Communist bloc toward a more interdisciplinary and
applied approach.

The biggest hurdles to environmental security are great inefficiency and
ineffectiveness of responsible structures resulting from little cooperation among
different levels of government, when managers and rules are in constant flux
because of the rate of political and economic change.

Lack of a strong economy and funding is clearly one the greatest limitations
to cleaning up postindustrial contaminated sites. Even with significant inter-
national assistance, cleanup efforts have been inadequate due to the enormity of
previous pollution, especially in areas of the “Black Triangle” (Malina, 2007, this
volume) and due to the very character of environmental problems that cannot be
solved overnight and therefore pose a threat to future generations. Another pro-
blem in Romania and other transition countries is that international organizations
are not very effective because they usually are not familiar with business and
management policies within the country and lack coordination among themselves.

Lack of a strong economy also hinders moving toward environmental security
because poverty and social unrest can result in continued environmental damage
out of individual desperation. Without concurrent social and economic programs,
environmental concerns cannot be expected to improve and environmental
security will remain elusive. It is difficult (and probably unfair) and unreasonable
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to expect people who spent more then 70% of their budget on food (statistics
true for more than half of the population of transitional countries) to have
environmental quality as their first priority. The consequence is that the level of
awareness and recognition of environmental values in transition countries is
relatively low, and this points to the crucial role of education once again.

3. Effective Strategies

While it is not possible to correct over 50 years of industrial pollution in a
matter of a few years, there are some strategies to effectively remediate polluted
sites, minimize future environmental concerns, and move toward greater
environmental security.

Given the abundance and severity of polluted sites, it is important to adopt a
general method to approaching environmental problems. One effective strategy
to approach environmental concerns and identify local, regional, or inter-
national priorities is risk assessment. Risk assessment is a step-by-step process
to compare the relative risks of taking various actions with respect to cleaning
up contaminated areas (Swanson, 2007, this volume). Risk assessments can be
conducted on various levels, from very broad-scale investigations comparing
different sites to very detailed species-specific analyses within a particular
site (Semenzin et al., 2007, this volume; Hull et al., 2007, this volume). This
approach can be very powerful where finances to restore an area to pristine
conditions are not available, and prioritization of actions for human health or
ecological protection must be identified. The next step in an effective strategy is
to rely on a combination of national and international expertise, if the appro-
priate academicians can be identified to provide specific cleanup advice at
minimal cost. Educational institution and volunteer organizations can also assist
in providing maximum cost efficiency.

While cleaning up polluted sites to prevent ongoing or additional conta-
mination, it is also imperative that future activities are conducted in such a way
that environmental concerns are minimized. To this end, one effective strategy
is to use entry into the EU as the incentive and the EU mandates as the model
for national environmental management and legislation. Before transition
countries can apply to join the EU, they must demonstrate that they will be able
to conduct business and ensure environmental protection at EU standards. This
has prompted many countries, such as Romania and Bulgaria to adopt more
stringent environmental legislation. In countries such as Russia or Moldova,
where EU membership is not being pursued, enforcement of environmental
legislation is typically insufficient.
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Adopting best EU practices could be very efficient, especially when it
comes to managerial and decision-making processes where changes could be
introduced (given there is a political will) through awareness raising, training,
and information dissemination. Such changes may not require huge technical
resources but may have impacts far more significant for environmental security
than any actual cleanup activities. One example of a proactive approach toward
environmental problems is strategic environmental assessment (SEA) that aims
to streamline and elevate environmental issues in the decision-making process.
SEA is the formalized, systematic, and comprehensive process of evaluating the
environmental impacts of a policy, plan, or program and its alternatives, inc-
luding the preparation of a written report on the findings of that evaluation, and
using the findings in publicly accountable decision making (Therievel et al.,
1992). SEA has gained recently a reputation as an effective and efficient
sustainability development tool, and its introduction in the planning and
decision-making context of transition countries might prove very beneficial
(Borysova, 2007, this volume).

Application and entry to the EU usually results in accelerated national and
international economic activity. Although it is unlikely that investors will be in
the position to provide enough funding to remediate formerly polluted sites,
some of the profits from foreign investment should be used to develop standards
for environmental policies and provide local, community-based environmental
programs. Funding for environmental security must rely partially on the private
sector, as national and international funding has been insufficient to date. In
some countries, however, private business can, and does, play a vital role in
addressing environmental concerns.

4. Conclusions

The knowledge and approaches described in this chapter, and discussed at the
Advance Research Workshop can and should be tested. We propose doing so
using a case study approach. A good case study would:

e Focus on a site with a broad range of issues (e.g., several contaminated
media) or multiple stressors (e.g., radiation and metals)

e Address transboundary issues

e Be conducted in a transparent manner, and involve stakeholders (including
government and universities)

o Allow for practical implementation or practical results
e Develop methods suitable for transition countries

e Stimulate networking among scientists of transition countries
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e Disseminate the results widely (media, or government, or wider scientific
community), with effective communication methods according to the audience
(e.g., webpage, public meetings)

e Leave a legacy (e.g., knowledge and equipment)

Remediating heavily contaminated sites and minimizing future environmental
impact are important, but will not in and of themselves provide true environ-
mental security. This security can only be provided when the mind-sets of the
people and the politicians include ecological and environmental health as a
priority. This will require an aggressive education campaign in which environ-
mental literacy is embedded in public education, environmental concerns are
brought to the attention of the public and government, and managerial and
decision-making skills are reinforced. It will also be critical that public citizens
are included as active stakeholders in environmental policy at the local, regional,
and national levels.
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