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FOREWORD
During tha last decades, national and international politics and
policies have become increasingly focused on environmental matters.
Human activities all over the world are building an unprecedented
prosperity for a constantly growing population, but they also bring
different types of risks, notably in relation to the environment and
human health. Recent events have proven that humanity is exposed to
natural disasters like floods, earthquakes, drought, which can have an
indirect human origin (such as antropic generated climate change)
and disasters directly due to human mismanagement, like the
pollution of rivers with dangerous chemicals. These potentially
dangerous situations for environment, in general, and people, in
particular, have first to be described and measured, so that the risks
can be correctly assessed, and then corrective measures can be
implemented, and emergency actions can be prepared.
The academia and the scientific world in general are
particulary concerned about these aspects. The volume
“Environmental Issues in the Context of Sustainable Development”
represents a continuation of the Romanian-Belgian collaboration,
initiated in 2008 with the volumes “Environmental Economics” and
“Environmental Policies and Legislation”. We thank the two
institutions that have supported this scientific initiative, University of
Liège – Gembloux Agro-Bio-Tech, Babeş-Bolyai University, and the
authors who have contributed to this volume.
The topics dealt with are of general interest or present case
studies from many countries, showing that the environmental
problems are global even if they have sometimes more local
appearances. The papers presented in the following pages are the
proof that many individuals and organizations are concerned about
environment and related issues. Among the different subtopics of the
present volume are the following ones: risks associated to
contaminated sites; energy, agriculture and sustainable development;
policies and environmental law; environmental economics;
environmental health.

June 2011
Prof. Ph.D Philippe BURNY
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TOWARD A BETTER UNDERSTANDING OF LIFE AND
NATURE – A MULTIDIMENSIONAL PERSPECTIVE
Florina BRAN1
1

Faculty of Agro-Food and Environmental Economics, Bucharest
Academy of Economic Studies, Bucharest, Romania

Abstract. Life is an intriguing state of matter, process,
phenomenon that attracted the interest of common people, leaders,
and recently of modern science. Although unequivocal answers are
still not accepted, there is a range of commonalities used to define
life. Our aim is to build a multidimensional framework that allows a
better understanding of life and nature. Thus we explored the
restraints and solutions in three dimensions – energy, substance, and
information. Life and nature’s lesson is that information has the
potential to bring in change at any level. Thus the “information
explosion” of the last decades could be regarded as a sign that society
is inscribed on a good trend and it will be able to manage the more
and more serious environmental restraints that emerged at the turn of
the centuries.
Key words: life, energy, substance, information, knowledge
management.

1. Introduction
The secret of life was always a challenging and highly
attractive subject of debate at any level. Modern science is no
exception. Initially following an intrinsic motivation, the sake of
knowledge, and nowadays animated by strong practical motivation
scientists from various fields struggled to identify the basic patterns
that allow living matter to be distinguished from the non-living one.
Our paper aims to explore the results of this prolonged and
not yet settled research debate in order to build a multidimensional
picture of life and nature that will allow a better understanding of the
sustainability concept. We justify this inquiry by the fact that nature
by its continuous existence in a timeframe that far exceeds human
scale and within the same limited stock of resources, could be
considered the living prove of sustainability.
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The paper starts by exploring and evoking a number of
definitions for life. Further, life is analyzed applying the perspectives
of three dimensions: energy, substance, and information. Finally we
conclude on the relation among these three dimensions, emphasizing
the importance of information and how this impact on the current
priority granted for knowledge management.
2. A continuous challenge – life’s definition
Life was interpreted as a victory of order over disorder (Bran,
2000). Humans struggle for millennia to find answers to the basic
question of the life’s meaning, and other related to life’s origin and
the universe to which it belongs. Although these questions were
asked long time ago, there are signs that show a restless
dissatisfaction and a continuous seek for details. Thus, modern
science faced the same questions.
Directly the question of What is life? was asked by Erwin
Schrodinger within the ninety pages of his book with the same title.
The answers came from the perspective of a physicist and could be
found in the following statements (Crow, 1992):
- the gene is an “a-periodic crystal”, and the chromosome is a
codified message;
- life is “feeding on negative entropy”;
- the quantum indetermination of gene is converted, by cellular
multiplication, in determination;
- the gene is stable and has the ability to perpetuate order.
Each statement attempts an universal explanation. The main
difficulty encountered by Schrodinger in its reductionist efforts was
the genetic structure, which is the information mechanism of life.
Another avenue of explanations is opened up by the works of
Charles Darwin. By going backward on the road of species evolution
and using the novel biological approach, Darwin revealed that life
goes back until the most simple living being, that are viruses.
Regardless of the perspective – Physics, Chemistry, Biology –
the explanations on the patterns of life use reasons such as:
transmitted messages, stability, continuity, adaptation, selfregulation, order. All these could be reduced to information that
allows on the one hand the co-ordination of complex processes, and
on the other hand an innovative solution for the mounting of entropy
– reproduction of the system till it becomes unable to deal with
external pressure.
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3. Energy and life – fighting with entropy
Maintaining the state of equilibrium for a living organism
means the use of an external source of energy, which is independent
from their functioning. From an energy point of view processes of
living systems are irreversible. Energy transfer is correlated with the
transformation of substance.
“In the large laboratory of life, there are two types of organisms
– plants and animals – families that are differentiated by the type of
energy source they use. Plants obtain substances with low entropy
from substances with higher entropy (carbon dioxide, water and
mineral elements). The obtained molecules, as all organic molecules,
have a higher thermodynamic energy that the carbon dioxide, water
and mineral elements used to their formation. The gain is produced
by the process of photosynthesis. Here the solar energy is assimilated
and stocked in organic substance through the miracle of chlorophyll
(…). As long as animals are regarded, the phenomenon of
transformation starts from where the plants left it. Food molecules are
oxidized in the animal cell by using the oxygen emitted by plants,
free the energy needed for warm, motion, information transmission,
and also substances to build the material components of the cells.”
(Bran , 2010). (Fig. no. 1).
Figure no. 1
Matter’s cycle in the living world

PHOTOSYNTHESIS

SOLAR ENERGY

6CO2+6H2O

C6H12O6+6O2

RESPIRATION

∆E=6X114=684 kcal/mol

Source: BRAN P., 2010.
The factor that explains the gain in the equation of plantsanimals-plants collaboration is solar energy introduced by plants
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through “vegetal” products obtained in photosynthesis. This gain will
be found further in the organism of animals.
The activity of living beings is almost entirely supported by
the solar energy flow reaching the Earth. Out of the total amount, two
thirds go through the atmosphere, and one third is reflected in the
cosmic space. the quantity that is intercepted during one year is of
around 5 x 1020 kcal (1.75 x 1017 W), meaning 9-10 billion
kcal/ha/year at temperate latitudes. Surfaces covered by vegetation
absorb in the same climate 70% of the total radiation.
One of the challenging issues even for life is the energy transfer.
This should be made, but it also means great losses of energy as
entropy, or energy that cannot be used further (Coste, 1989). The rate
of this transfer is low – 1% for photosynthesis, around 10% for
assimilation of energy from one food level to another (Fig. no. 2).
Thus, the functioning of living systems of nature relies globally on
the continuous energy input, so that energy flow in the biosphere has
an acyclic pattern.
Figure no. 2
Energy transfer and entropic losses

+∆G

P – Producers
C – Consumers
-∆G – Modification of energy
potential

P

-∆G1

C3

C2

C1
-∆G2

-∆G3

-∆G4

Source: BRAN F., IOAN I., 2004.
Since oldest times humans were able to change their living
conditions and social relations. The diversification of energy sources
(Fig. no. 3) by using fossil fuels, nuclear power, solar energy and
wind energy gave contribution to a spectacular development of
mankind.
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Figure no. 3
Structure of energy source in different historical periods
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Source: BRUZZI, L. 2004.
By increasing the role of exo-somatic activities, humans
reliance on concentrated energy sources mounted. Meanwhile, these
sources lack an important pattern: continuity of supply. This pattern
proved to be of a crucial importance at the century turn and one of the
challenges of the third millennium being how to move forward from
the carbon dominated economy.
4. Substance – a package for energy
At global level, the total amount of each chemical element is
constant. Living systems take up from this pool continuously. In
order to maintain the supply, the amount that is up taken should be
refilled. In other terms, living systems could not stock infinitely the
amount of substance entering their borders. At a certain moment, all
these substance will become outcomes. The continuity of this flow is
of the same importance as is the continuity of the energy flow, since
substance is in fact the carrier of the energy, its “package”.
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Figure no.4
The biogeochemical cycle of carbon
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Source: BRAN F., IOAN I., 2004.
The range could be longer or shorter, could contain periods of
accumulation in both organic and inorganic stages (Fig. no. 4).
Therefore, in order to maintain the continuity in substance inputs, the
same chemical element will be used many times. For this reason
nature could be considered tight, parcimonious.
5. Information – the core of life
Although information is present in any form of matter, it is
more abundant or better represented in the living matter. This matter
is in a continuous motion, transformation, change. Information occurs
in case of exchanges, of any type. For example, senses like sight,
hearing, taste, smell, touch etc. are information collectors.
Information is one of the forms of the matter, which could be
addressed using a methodological or ontological triad that considers
also energy and substance (Ionescu et al., 1989). Energy was defined
by Young, 1807, (Bran, 2010) as the product between the force that
act on a body and the distance that is covered, while substance is a
form of energy that is cooling. Bran (2001) stresses the need to
consider another dimension of matter – motion. His vision is
presented in Fig. no. 5.
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Figure no.5
Tetrad of matter analysis
M

S

I

E

Legend: S – substance; E – Energy; I – Information; M – Motion.
Source: BRAN, P., 2001.
The outcomes of contemporary Physics research provide
reasons for understanding and accepting the possibility to pass from
one form of the matter into another in accordance with the specific
conditions (Neacşu, 1984). Accepting that matter could be, in the
same time, substance, energy, information, and motion necessitates
an effort to model our thinking, our representation capacity that occur
in the learning processes performed by each of us (Florescu, 1977).
Communication acquires specific patterns in living bodies,
these own specific information channels that connect both
subsystems among themselves and subsystems with external systems.
The origins of the universe are already subject of polarization. Two
theories dispute the explanation: the theory of stationary universe and
the theory of expanding universe (Bran, 2000). The stationary theory
considers that there is no certain moment in time when the Universe
was born. It existed timelessly and will continue to exist. The theory
of expanding universe states that there was a certain moment of start,
followed by a continuous expansion. Both theories use as supporting
reason the existence of a basic cosmic noise of a continuous universal
radiation that is equidistant in all directions (isotropic). This noise
was discovered in 1964 by Penzias and Wilson. It is worth to notice
that the founders of the Big-Bang theory (Alpher and Herman)
assumed that such noise exists before it was discovered.
According to the atomic Physics, all basic particles of the
molecule are in a continuous oscillating motion. Matter means
vibration. The notion of energy field being in a continuous state of
vibration, present at the level of matter in the universe, is essential for
understanding information transfer among living organisms, and
between them and the external environment.
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Ultimately information is also a vibration, the perception of
an energy field modulated by certain parameters. All cells are able to
receive and to emit information. In other terms, they are able to
communicate. Information exchange for processing and “decision”
making toward a proper environmental orientation could be
understood as an interference of vibrations, of waves or variable
energy fields (Bran, 2002).
6. Rational and knowledge – how we could approach to
understand nature and life
Human civilization benefits at the beginning of the third
millennium from knowledge accumulated in a wide range of
scientific fields. According to the opinion of the great economist,
Paul Bran, „Humans, in the last year, along with substance and
energy, took in account the value of information for their work and
for life.” (Bran, 1992).
The fact is that, currently we could speak about a genuine
information explosion. Understanding information is a matter of
knowledge use. Evolution of human thinking expresses the evolution
of the two patterns that define it – rational and knowledge. These two
qualities evolved in both plans, vertical (rational) and horizontal
(knowledge). The dynamic of the rational-knowledge ratio (defined
as ∆R) makes humans to experience a permanent need of knowledge
(Fig. no. 6).
Figure no. 6
Human dimension of rational-knowledge relation

Human evolution

∆R

∆R

∆R

Rational
EPR = EPC + ∆R

Source: SĂHLEANU V., 1972.
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The degree of comprehension and depth of knowledge was
determined by the process of work, as humans basic integrative
process (Neacşu, 1984). By defining information, Săhleanu (1972)
showed that information is in fact a very wide notion that is not
necessarily related with our knowledge. There is needed a new
interdisciplinary conception, a polyvalent view of each professional
profile.
Traditionally, information is a basic element of
communication and it exists by relation. The relation between two
material entities, living or not-living, includes the spatial-temporal
ratio in the dynamic of motion.
Life is order in an entropic universe. Due to thermal energy,
atoms and molecules of any system (substance) tend to spread, to
disintegrate, to break out from the system tending toward disorder.
Each moment of our existence is a victory against factors that tend
restlessly to disintegrate us. This order in disorder, that is the
integrity of biological systems, is maintained by exchange of
substance, energy, and information with the environment (Bran,
2002).
According to the information held by the biological system in
its functional systems (e.g. neurological) or genetic code, all that is
imported from outside takes structural, functional or consumptive
destinations and fulfills the miracle that we call life (Bran, 2010).
Life could not be considered a random happening in the
universe. Its occurrence was encrypted in the laws of universe’s
evolution. Life appears as a consequence of some laws imposed
through the motion of matter that display, at every level of
organization, the same characteristics, proving the unity in diversity.
Life is, in fact, the emerging effect of “some physicochemical systems with high level of complexity and structure” (Soran
and Borcea, 1985). The definition of life invokes the process of
evolution (Sagan, 1989), metabolism (continuous exchange of
substance between the living system and its environment), and
conservation and coordination of the reactions through information
locked in nucleic acids (Bran, 1992).
Living systems have an internal order due to the fact that they
“feed” on low entropy from the environment (Schrodinger, 1980).
The living organism succeeds to free itself from the high entropy
generated continuously by consuming low entropy from the
surrounding environment, represented by substance, energy, and
information (Bran, 2002).
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7. Conclusions
Life is a very complex state of the matter which although it
was exposed to a high level of common and scientific curiosity still
holds a wide range of uncertainties. The paper explored the
knowledge architecture about life in order to highlight some aspects
that could guide policy decision within the context of more and more
prominent environmental restrains. We consider that nature and life
could “give” us valuable lessons, since they managed to comply with
the basic laws that rule the transformation of energy, substance, and
life.
Organisms are complex structures that intermediate the
material transformations from nature. They represent only one stage
of these, which is adapted to the particularities of each form of
matter.
At elementary level, we could consider substance, energy, and
information as raw materials (Bran and Ioan, 2004). Thus the
metabolism is supported by energy for performing the functions,
substance is to be used in the synthesis of organic compounds, while
information allows to conduct metabolic processes, adaptation to the
surrounding environment, and transmitting all these patterns to the
next generation (preservation).
Biological mechanisms are, in fact, universal. The same set of
chemical reactions are used to produce functions of life in each
organism, regardless to its level of complexity. Thus, we could find
the same reaction in a very simple bacteria, but also in the complex
human body (Hendrikson, 1976). Nevertheless, the unity of life
covers a wide diversity. This diversity is the result of the permanent
tendency to improve the efficiency in using available resources, that
are present in a variety of forms. The most important differentiation
is due to the form in which resources could be used (Bran, 2002).
We could conclude that, from an energy perspective, we all
are “some children of the Sun”. If we consider the substance
dimension of the matter which is intrinsically related with the “star
laboratories” (Sagan, 1989), we have to admit that the reservoir that
feed the metabolism of the living cell is Nature as a whole.
Meanwhile, we learn that nature’s lesson is to focus on information
since it has the potential to influence both – the patterns of energy
and substance use.
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GLOBAL ENVIRONMENTAL PROBLEMS GENERATED
BY HUMAN ACTIVITIES
Florina BRAN1, Ildiko IOAN1,
Carmen Valentina RĂDULESCU1
1

Faculty of Agro-Food and Environmental Economics, Bucharest
Academy of Economic Studies, Bucharest, Romania

Abstract. The economy has grown enough to provide the
population about the same per capita quantity of essential
goods, but productive technology with intense effects on the
environment have replaced the less harmful. Environmental
crisis is the inevitable result of this anti ecological growth
model. The paper analyzes the main environmental challenges
that is of concern for the global society. It is envisaged to
highlight a number of connections tha could guide policy
makers in defining priorities and allocating resources.
Key words: global environmental issues, pollution, climate
change, nature.

1. Introduction
"People are knocked out of the circle of life prompted not
of biological needs, but of social organization that has devised to
conquer nature, a means of acquiring wealth to satisfy those
requirements that are conflicting with those which govern nature.
The end is ambient crisis, a crisis of survival. To survive, we have
to close the circle. We must repay to nature its wealth that we
borrowed." (Commoner, 1980).
The solution envisaged by Barry Commoner in the volume
entitled "Closing Circle", which proves confidence in progress of
modern civilization, asserting the optimistic position opposite to
"ecological pessimism" and apologetic concepts of "technological
optimism”, does not consist in giving up the advantages of
progress or reducing the number of population which would lead
to a reduction in pollution, and also giving up military programs
and allocation of funds in accordance with environmental
requirements. Understanding the environmental crisis, says the
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author, helps us to sense the need for changes with social and
economic character that also brings solvation of this crisis.
Some blame pollution on population growth: "The chain of
cause and environmental damage is easy to follow up to the origin.
Too many cars, too many factories, too much detergent, too many
pesticides, more steam release from jet airplanes, too many
wastewater purification plants, too little water, too much carbon
dioxide all come from population growth”
Others accused abundance, aggressiveness of people, other
profit or technique.
The Ecologist R.A. Cameron accuses the politicians:
"There is a certain paralysis in our public governmental sectors,
which are first called upon to legislate and implement the
measures envisaged by the ecologists. Those industries that profit
from environmental damages are sure to be see elected deputies
that have understanding for their situation and also appointed
bureaucrats with similar views".
An observer accuses everyone, "We found the enemy: this
is us". We have destroyed the life cycle, making this cycle in
linear and artificial phenomena, created by man; the oil is
extracted from the earth, is distilled, burned as fuel in engines and
converted into greenhouse gases, which then are released into the
air.
Other man-made fractures in the ecosphere cycles lead to
the appearance of toxic chemicals, wastewater, garbage heaps, all
of this proving our power to tear the cover that supports organic
life on Earth since several million years.
2. "Everything is connected to everything else"
This law reflects the existence of a complex interrelation in
the ecosphere: between different organisms, as well between
populations, species, individual organisms and their physicchemical environment.
The Ecological systems show cycles that is frequently
masked by effects of daily or seasonal variations of weather and
environmental agents. An example of such environmental
oscillations we find in periodical fluctuations of population size of
animals with fur. Thus, Canadian statistics show the existence of
fluctuations on 10 years cycles for hares and lynx populations.
When there are lots of rabbits, the lynx prosper, the growth of lynx
population leads to growing ravages in the rabbit population which
is reduced, when rabbits became rare there is not enough food for
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the increased population of lynx, lynx starting to die, rabbits are
hunted less and start to multiply. And so on. These fluctuations are
incorporated in the action of a simple cycle, the lynx population
being positively correlated with the number of rabbits, and the
population of rabbits is negatively correlated with lynx population.
In such a fluctuating system there is always the danger of
collapse of structure when an oscillation deviates from equilibrium
state that can not be compensated. Ecological network is a kind of
amplifier; so that a small perturbation produced somewhere
perhaps has consequences at large distances and after long periods
of time.
3. "Everything needs to go somewhere or there is no
such place away"
This is a little more free formulation of a fundamental law
of physics, namely, that material is indestructible. Applied to
ecology, the law points out that in nature there is no waste in all
natural systems, which is excreted by a body is used by another for
food.
Nothing disappears, they go only from one place to
another, changing their molecular structure and influencing the life
processes of organisms that remain some time. One of the main
causes of environmental crisis lies in the fact that large amounts of
substance were extracted from the earth, transformed into
something else and disposed into the environment, without taking
into account that “everything has to go somewhere”.
3. "Nature has the best solution"
A living organism required to bear an accidental changing
in his structure will almost certainly suffer not gain. The
explanation is the following: a large amount of "research and
development.” Every living being has behind it two or three
billion years of "research and development.” Meanwhile, an
enormous number of individual beings were born, each offering
the opportunity to check to what extent is some random genetic
change is useful. If the change harms the viability of the organism,
it will probably be killed before transmitting it to future
generations. In this way living things build a complex structure of
compatible parts, those possible combinations that are not
compatible with the whole are sorted and eliminated on a long
period of evolution. So the structure of an existing creature or
organization of a natural existing system is probably "the best" in
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the sense that was so painstakingly "cleaned" of negative
components, so any other composition would be almost
undoubtedly inappropriate.
4. "Everything has its price"
In a way, this organic law incorporates the other three.
Since the whole global ecosystem is a whole, in which nothing can
be gained or lost and can not be improved simultaneously in every
aspect, everything that is extracted through human striving should
be replaced. We can not avoid paying this price, we can only delay
it. The current environmental crisis is a warning that we delayed
too long.
Environmental crisis is a sign that the ecosphere is now
under so much pressure, that keeping its equilibrium is threatened.
It warns that we must discover the source of this race to suicide
and liquidity before destroying the environment and us with it.
Environmental deterioration is caused by human actions and has
very strong effects on human beings. Environmental crisis is
therefore not only an ecological problem but one with a social
character.
The Earth moves not only through a demographic
explosion but an explosion of civilization. As the production of
material goods is used by humans, the population grows in
number. There is sufficient evidence that an increase of material
goods contributes to reduce the mortality and if the birth rate does
not concomitantly decrease, that leads to population growth. Since
human beings, like all living things, are reproducing by
themselves, there is an intrinsic tendency to develop a population
as long as there is sufficient material support. Meanwhile,
demographic growth tends to increase activities that depend on
people: science, engineering, production and accumulation of
material goods. It is sometimes assumed that these interactions
that take place more quickly, between the level of welfare and
technological competence, on the one hand, and population
growth on the other, will trigger a bomb explosion Unless natality
control measures are not taken. Actually there is compelling
evidence that this process itself creates a considerable decreasing
of demographic growth. Phenomenon known to specialists as the
"demographic transition" has already occurred in most
industrialized countries in the world. At the beginning in the early
stages of agricultural and industrial revolution, wealth reduced
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mortality and the birth rate remained unchanged, so the population
grew rapidly.
Later in the XIX-th century due to increasing of living
standard, the natality decreased and demographic growth slowed.
The causes of these changes are not biological but social. Very
important is the role of children that has been changed. When the
living standard was relatively low, their work was necessary for
family support: therefore the children’s labour is a current
phenomenon. Later, with the improvement of living standards, the
work of adults was sufficient to feed the family, education became
compulsory, and children who were not a necessarily economic
asset, have become an economic liability. By improving the social
services, the probability for parents to depend on their children as
an insurance for their old age decreased. The result was a
reduction in natural birth, which occurred without the effects of
modern contraception. Therefore, demographic growth is an
inherent feature of the ongoing development of productive
activities; it tends to be limited by the same force that stimulates the accumulation of material wealth and resources. A kind of
tendency to self propagating can be identified also in the science
and technology domain. It is a part of human culture, representing
a system of facts and ideas that are constantly growing and
evolving, all of which are registered and thus perpetuated. On the
other hand, in contrast to the human sector of the system, the
natural environment is intrinsically unable to achieve growth and
development.
The Earth and Ecosphere have a fixed table and must be in
a state of equilibrium. An essential reality of nature is, that it is the
basis of human existence, represented by ecosphere and mineral
resources. It is limited in size and pace of activity. We discuss
whether the ecosphere, in its natural or present state is found near
its intrinsic limit, but we can not deny that there is a limit and that
the operation system does not allow growth infinitely.
Maintained in an appropriate balance, the Earth's
ecological cycle is auto-renewed, at least at the time scale on
which human history unfolds. On this scale, it can work and can
sustain a certain number of people as components on a more or
less indeterminate period. Yet the mineral resources if they are
consumed, can go only in a sense, to be exhausted. In contrast
with the components of the ecosphere, the mineral resources can
not be auto-renewed. Fossil fuels such as coal, oil and natural gas,
were formed in the ground in a certain period of terrestrial
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evolution, the period since then has not been repeated. When fossil
fuels are used, the solar energy contained in them since several
million years is spent irrevocably. Neither the metal reserve of
land, created by unrepeatable geological processes, can be
regenerated.
In order that human activities remain in harmony with the
entire system, it must adapt to the requirements of the natural
sector - the ecosphere. Environmental degradation is a sign that we
have not managed to achieve this essential adaptation.
5. "Population and affluence"
As an environmental crisis we announced that there was a
serious disturbance in the way which people use their habitat.
Guilt is not due to nature but to human beings. No one has claimed
that phenomenon of pollution would result from any natural
change independently from human activities. In fact these regions
in the world that have remained relatively untouched by human
hands are equally free of smog, water pollution and soil
degradation. Environmental degradation is due to
human
activities on Earth.
As long as people kept their place in the terrestrial
ecosystem - eating food produced by soil and oxygen released by
plants, restoring waste to soil and carbon dioxide to plants, they
could cause only limited ecological damage. But leaving this cycle
and going to live for example in a city where physiological
residues are not returned to soil but penetrate into surface waters,
people were separated from the ecosystem to which they originally
belonged. Now, the wastes are outside of the system where they
do not have a place, they heavily affect the self-regeneration of the
system and end by polluting it.
As consequences that only man is capable to produce
materials which do not exist in nature, the environmental
degradation may be due to the introduction of a foreign substance
in an ecosystem. Perhaps the eloquent example is provided by
synthetic plastic substances, which are not degraded as natural
materials. As such, they persist in the form of waste or are burned,
in both cases causing pollution.
Our task is to discover how human activities generate
environmental impacts, external interventions on the ecosystem,
which tend to undermine the self natural ability to regenerate.
Per capita production of goods designed to meet the main
requirements of humanity - food, clothing and housing - has not
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been increasing significantly between 1946 and 1968, in some
areas it was even lower. It was achieved growth in use of
electricity, fuel and paper products, but these increases can not
explain the striking increasing of pollution. If we measure the
affluence based on the production of such items for housing
comfort as TVs, radios, electrical appliances, we can say that there
have been some increases
Overcrowding and\ or affluence does not fully explain the
existence of pollution.
6. "Technological vices"
The rhythm of exploitation of the ecosystem that generates
economic growth can not be infinitely large without overloading
the system, which is thus pushed to the point of collapse.
However, this theoretical relationship does not mean that any
increase in economic activity will automatically create more
pollution. What is happening in the environment depends on how
we accomplish this growth.
Production designed to meet most basic needs (food,
clothing, and housing) has remained roughly in step with
demographic growth (which means that production per capita has
remained virtually constant), the types of goods have considerably
change. However, his food is now obtained on smaller areas of
land, but with much more fertilizers and pesticides than before: his
clothing frequency contains more synthetic fibers than cotton or
wool, makes washing with synthetic detergents, in detriment of
soap; lives and works in buildings that contain more aluminium,
concrete and plastic than steel and timber, the goods we use are
increasingly transported by road than by rail.
Among the many activities organized, agriculture is the
closest to nature. Before modern techniques are implemented, the
farm was just a place, serving human interests, being an enterprise
where few natural biological activities were held: crop cultivation
and animal husbandry. Plants and animals were fed, grown and
reproduced on existing roads in nature. Their mutual relations
were also natural, crop nutrients were extracted from soil, for
instance, inorganic nitrogen, and nutrients were created by the
gradual action of bacteria from soil reserve of vegetables residues
and animal waste condition and by nitrogen fixation from air in an
organic useful form.
Under these conditions environmental cycles are almost on
equilibrium and with little care the natural soil fertility can be
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kept. Particularly important is the preservation of natural fertilizers
in the soil. Today, to obtain a high production, farmers must apply
more nitrogen than plants can absorb. Much of the remainder
reaches rivers that become polluted. Practically it is impossible to
obtain high yields based on fertilizers without polluting the
environment. Fertilizers meant for farmers the possibility to obtain
a larger crop from a smaller area than before. As the cost of
fertilizers is low compared to the financial gain due to higher
yields, their use is spread worldwide. The measured price of
environmental degradation is paid by his neighbours whose
drinking water is contaminated.
New technology is an economic success, but only because
it has proved to be an environmental failure.
Another problem of pollution arises from the phosphate
content of detergents (biodegradable and non-degradable), because
phosphate can stimulate algal blooms, which die and overload
aquatic system by organic matter. Detergents are adding phosphate
in a twofold purpose: to soften hard water and to achieve
suspension of dirty particles, such as to make cleaning easier. In
recent years, detergents manufacturers have been besieged with
complaints for environmental damages.
When the automobile and internal combustion engine
have been invented, nobody suspected that no more than seven
decades later, they will become the largest individual source of
ambient pollution in cities. It is often said that this pollution, by
carbon monoxide, lead and smog, is the inevitable result of the
huge number of vehicles on roads. Unfortunately, the engine is a
very effective generator of smog.
General issues are clear. The main cause of environmental
crisis that has overwhelmed mankind in the latter years lies in the
radical transformation of technology after World War II.
In modern industrial societies, the technique is the most
important link between society and the ecosystem that supports it.
There is considerable evidence that many new technologies
deteriorate the environment.
Pollution problems do not arise from the minor
shortcomings of technology, but from even their success in
achieving goals. Modern nitrogen fertilizers with high
concentration, are the source of leakage of nitric pollutants into
rivers and lakes precisely because they successfully solve there
task of increasing soil fertility. Modern petrol engine,
characterized by a high degree of compression increases smog
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pollution by nitrates, precisely because it fully meets the goal for
which it was created. Modern synthetic insecticides kill birds, fish
and insects just as they are absorbed by insects and destroy them
as the goal pursued. Plastics invade the landscape precisely
because they are synthetic chemicals, unnatural, designed to resist
to degradation, these are even properties that are underlying to
there technical values.
We are dealing not only with a technological failure that
happens to coexist with the utilitarian watched aspects, but with a
failure, resulting from the very fundamentally successes registered
in industry and agriculture. While reaching the pursued goals,
modern technology leads to ecologic problems. Damage results
from introduction of a new productive technology in industry and
agriculture. These technologies are environmentally bad, being
designed to solve individual problems, separately and not taking
into account the inevitable side-steps that occur in nature because
there are no isolated parts of ecological overall. There is a painful
consequence of all these technological successes: the country has
almost completely ignored the extent and depth of environmental
crisis because the data buried in reports remained inaccessible or
protected by official and industrial secrecy. When these facts were
disclosed, the citizens were prepared to sweep the benefits and
risks and make that assessment that triggers moral political action.
The actually trend of environmental deterioration, at least
in industrialized countries, constitutes a serious aggression against
ecological systems and so continuing, it will destroy the ability to
maintain the ambience of human society on an acceptable level of
civilization. A number of people could survive to this catastrophe,
since the collapse of civilization would reduce the rate of
deterioration.
As many rivers and lakes will be loaded artificially with
organic substances, the biological barrier between man and soil
will disappear. Some pathological agents will be able to develop
and reproduce in water, reaching levels at which infection of the
human body will be more likely to appear than before. For this
reason, ecological change that takes place in surface waters is
much worse.
The collapse of biological barrier between man and soil
has other implications, as serious. Among the mold found
frequency in soil there are certain species that produce a highly
active carcinogen action - aflatoxin. These mold and feed them
with organic substances. Studies show that many soil fungi,
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including those producing aflatoxin can be isolated from rivers
heavily polluted by organic substances. If these organisms are
spread, we are threatened by a new serious confrontation to our
health. Some mold normally existing in the soil, that have been
detected in polluted water can cause serious infections if it stays in
the body.
Air pollution by sulphur oxides shows similar risks. The
best known situation is Northern Europe, data from Sweden for
example, demonstrating a marked increase in the acidity of rain
water and snow in recent years. It is not possible that this
unnatural influx of soil acids does not have serious effect on plant
growth; these already contribute to production reduction of timber.
But also here the biggest danger can arise from the qualitative
development of micro-organisms in soil and chemicals
interactions of soil components in these new and unnatural
conditions. Pollutants that are accumulated in the soil can strongly
disturb the ecological balance.
Those pollutants which do not finish the race in soil
eventually reach oceans, where began to accumulate pesticides
and other organic synthesis. Yet little is known about the impact
of pollutants on vital ecological systems from ocean. These
systems produce matter thanks to photosynthesis (the largely
atmospheric oxygen). Although there is no evidence that would
change the amount of oxygen in the air, there are indications that
the activity of photosynthesis of marine organisms can be
inhibited by DDT (pesticide) and other pollutants.
Another reason to expect uncomfortable things due to
environmental pollution is that new effects trigger long before that
the existing problem can be sensed.
The modern techniques are characterized by a crucial link
between income and pollution. Pushed by its inherent tendency to
maximize profit, private initiative took massive modern
technological innovations that promised to satisfy this
requirement, usually unnoticed that these innovations are very
often good sources of environmental pollution. The fact is not
surprising because the present technology tends to be created as
single-purpose tools. As much as it seems, this destination is,
unfortunately, too often, the desire to increase productivity and
hence the profit.
Environmental pollution presents a double bind with the
economy based on private initiative. First, pollution tends to
increase production after replacing older technologies with new
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ones, more profitable, but poor in organic matter. In such cases,
pollution is the unwanted companion of natural tendency of the
economic system to adopt technologies that increase productivity.
Second, the environmental degradation costs are not supported
primarily by the manufacturer, but by society. An economic
activity that pollutes the environment is, therefore, subsidized by
society in this regard initiative, although free, is not completely
private.
To put an end to environmental pollution, it is necessary
that these relations be changed. The environmental costs must first
be covered by introducing the necessary changes in the production
process.
In a system based on private initiative it necessarily means
that these costs would be covered anyway, they have entered into
the system by companies. New technologies, heavily polluting
will certainly be more affected by these changes than the relatively
low greenhouse technologies they have replaced. Such additional
costs will have a greater effect on manufacturers of detergents or
truck (which pollute more) than the manufacturers of soap and
railways (which pollute less).
High-polluting technologies are also a more important
source of general growth of the economic system than the
technologies that they replace, as we can see from those increasing
rates of profit. However, if these highly productive enterprises will
undergo changes imposed by the environment, their operation will
not win implicit productivity. It appears here a contrast face to the
effect of current introduction of new production technologies,
which are always motivated by an increase in productivity, which
usually are done. Therefore, however the cost of pollution would
be covered, if it is initially imposed on the manufacturer, the
overall productivity growth will be affected. This was noted by the
economist G.F. Bloom, who in a study of productivity wrote that
"pollution control will add millions of dollars in industry
production costs and an additional power to income flows without
increasing productivity. Indeed the continuation of production
without polluting the air and land required, in fact, a reduction of
production on man-hours (and therefore a decrease in
productivity) in some industrial areas".
The economic aspect is clear: unlike the usual technique,
the anti-polluted technique does not increase the amount of
production of marketable goods. Therefore, the technology reform
of agricultural and industrial production now demanded by the
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environmental crisis can not contribute to increase productivity
and expand the gross domestic product. Bloom says that "the
prospect of increased productivity is not bright."
As further productivity increase is tied to profitability, it is
an essential feature for an healthy private economy. It seems,
therefore, that there is a fundamental conflict between pollution
fighting and what we often claim as a basic requirement of the
system of private initiave: the continuous maximization of
productivity.
Evolution of environmental degradation shows that, while
conventional capital has reached its goals, the biological capital
has failed. If this process continues, the biological capital could be
pushed to destruction. Since the utility of conventional capital
depends on the existence of biological capital, when the latter is
destroyed also disappears the abovementioned utility. Thus,
despite of its apparent prosperity, the system is pushed to
bankruptcy. The Environmental degradation is a hidden crucial
factor and potentially fatal to the operation of the economic
system.
7. Conclusions
Environmental crisis shows us clearly that to survive; you
must lay the economic and environmental considerations over
political ones. And in order to follow the path of ecological
wisdom we do not put our hopes in arms which threatened with
the global catastrophe, but in wishes of harmony with the
environment and the desire for peace between peoples who lives
in it. As the ecosphere, the world's peoples are united by their
distinct needs, but joint via a common destiny. Humanity will
survive to the environmental crisis as a whole or will not survive
at all.
The ecology logic clarifies many of the difficulties that
face the globe and its population. Understanding the
environmental crisis helps us to sense the need to bring social
change, while also solving the crisis.
But there is a contrast marked by the logic of economics
and real world situation, where environmental issues are
embedded. Despite daily experiences, tangible, that we can see
(polluted atmosphere, impure water and piles of garbage) planned
an air of unreality around environmental crisis. The complex
chemistry of smog and fertilizers, as well as more complicated
relations with the economic, social and political aspects are
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concepts that express the real features of modern life, but they
remain concepts.
Everywhere in the world there is evidence of a profound
failure in the struggle to use competence and energy at human
disposal for maximal benefit of mankind.
Environmental crisis is a significant illustration of this
failure. We have reached a state of crisis just because the way to
use ecosphere to produce wealth is destructive for it. The present
system of production is not sustainable, and now the path followed
by civilization leads to suicide.
Environmental crisis is a grim evidence of the insidious
scams acclaimed by company productivity and wealth of modern
technology. This wealth was gained by intense exploitation, on
short-term of the environmental system but through it we have
accumulated a debt to nature (in the form of environmental
destruction and population growth), a debt so large and pervasive,
that, by paying such period could destroy the next generationt.
There is reason for optimism in the very complexity of the
issues arising from this crisis. Once notified the relationships
between different parts of the problem, it becomes possible to find
new ways to solve them in general. Thus, considered separately,
the need for new productive activities in developing countries and
the need of industrialized countries to reorganize economy on an
ecological base can seem impossible to please. If it accepts the
link between the two –the ecological significance of replacement
of natural products with synthetic products – solutions in both
areas can be found.
To survive, to revive the beauty of the Earth, people of all
countries must take power into their hands and do so that the
world resources do not be exploited for profit, but to be used in
harmony with nature for mankind interest.
To survive we have to close the circle. We must repay to
nature the wealth borrowed from it.
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Abstract. The paper describes the recent evolution of organic
farming in Wallonia. The share of organic farmers in the total number
of farms in Wallonia now reaches 5%, which is also the proportion
of organic agricultural land in the total agricultural area. The
financial support of public authorities, through direct payments or
services like research, extension, advertisement, is essential for the
maintenance or development of the Wallonian organic sector. This
support is not granted for the future, but can be expected.
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1. Introduction
With the implementation of the Common Agricultural Policy
within the European Union and the technical progress in the practice
of agriculture in general, overproduction became, for the first time in
human history, a problem for some products. On another side, the
large use of fertilizers and pesticides led to negative environmental
consequences. In such a situation, organic farming can be a solution
both from an economical and an environmental point of view, at least
for some farms. It is also the case in Belgium, where agriculture is
very intensive, and its Southern region, Wallonia (agricultural matters
are largely regionalized in Belgium).
So, this paper describes the recent evolution of organic
farming in Wallonia.
2. Origin and definition of organic farming in Wallonia
At the beginning, organic farming was a non-economical
choice, it was rather a philosophy and linked to a way of life. To
practice organic farming is due to the decision to produce and to
consume agricultural goods while respecting the land, by using no

35

pesticides and no chemical fertilizers, which has a positive impact on
the environment.
The production guidelines are :
- the respect of the land;
- the land feeds the plants;
- the plants feed the animals;
- farmers are self-sufficient concerning fertilizers and
animal feed;
- links are established between producers and
consumers.
In opposition to the classical way of production, the
specifications of organic products and production methods are agreed
upon between farmers and consumers since the beginning.
3. Evolution of organic farming importance
In the eighties, organic farming was still not significant, with
only 37 farms and 500 hectares in 1987 (before the official
recognition of organic farming by the European Commission in
1991). However, the importance of organic farming sharply increased
in the nineties. In 2000, more than 400 farmers were practicing
organic farming, the concerned area being higher than 16,000 ha
(figure 1).
The importance of organic farming was stable between 2002
and 2005, but since 2006 it sharply increased again and in 2009, 779
farmers were involved in organic farming, managing more than
37,000 ha.
The share of organic farmers in the total number of farms in
Wallonia now reaches 5%, which is also the proportion of organic
agricultural land in the total agricultural area.

36

Figure no. 1
Evolution of organic farming in Wallonia

4. Area devoted to organic farming
By far, the largest area concerned with organic farming is
devoted to meadows (85%). They are situated in pedoclimatical
regions which are not suitable for arable crops and where bovine
meat and milk are nearly the lonely possible productions, based on
grass. So, in these areas, it can be assumed that organic farming has
always been practiced and there was no conversion from classic
agriculture, the old practice being simply labelled "organic farming".
General crops, mainly cereals, represent 10% of the organic area.
Forage crops contribute for less than 2%. Horticultural organic
products are not well devekoped in Wallonia : vegetables and fruits
represent only 1.6% of the area devoted to organic farming (figure 2).
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Figure no. 2
Area devoted to organic farming in Wallonia (2008)

Source : Région wallonne, DGARNE

5. Location of organic farming
Organic farming in Wallonia is mainly concentrated in the
South-Eastern region, approximatively corresponding to the less
favoured area. The altitude in this region is the highest in Wallonia
(up to 600 m), soils are acid and of lower quality, the climate is more
humid and colder. In some communes, the area devoted to organic
farming is relatively large, representing more than 20% of the total
agricultural area (map 1).
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Map no. 1
Percentage of organic area in the agricultural area of the communes

On the opposite, organic farming is very marginal or is not
practiced at all in this area, where the best soils are cultivated. This
region is devoted to arable crops (wheat, sugarbeet, potato, rapeseed)
with high yields (yields reaching 10 tons per ha of wheat are not
unusual).
6. Animal Production
In 2008, the number of cattle heads reached more than 40,000
(table 1), which is a one-third increase compared to 2006, but only
1,000 heads more than 2002. It is around 3% of the Wallonian herd.
The number of pigs is increasing and approaching 10,000
heads, more than twice as much as in 2002. A remarkable increase is
observed in the field of poultry production, with nearly one million
heads in 2008, against less than 300,000 heads in 2002. This is due to
the involvement of a Dutch company which proposes contracts to
Wallonian farmers for the production of organic poultry. Sheep and
goats are also present, but their number is rather stable.
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Table no. 1
Animal production in organic farming in Wallonia (2002-2008)
Species

2002

2003

2004

2005

2006

2007

2008

Heads

Heads

Heads

Heads

Heads

Heads

Heads

LU

% LU

Cattle

39 476

30 270

29 530

31 144

30 844

36 275

40 467

32 804

80,6

Pigs

4 213

5 056

6 407

6 939

9 377

9 438

9 593

1 543

3,8

Sheep
and
goals

6 437

5 964

7 221

8 350

9 192

8 929

7 652

1 148

2,8

Others

295

130

496

732

653

714

881

623

1,5

Poultry

286 497

502 510

628 314

672 306

772 636

853 124

945 000

4 587

11,3

1 003 953

40 705

100,0

LU = Livestock Unit
Source : Ecocert, Blik/Integra, Service public de
Wallonie/DGARNE, estimations DGARNE (LU)
7. The market of organic food products in Belgium
Organic products are well known by the Belgian consumers.
However, the share of organic products in the Belgian food market is
still marginal: around 1.3% only. Even if the quantities consumed are
not very large, Belgium does not produce enough to satisfy its
domestic consumption and the trade balance is negative.
Within the organic food market, the situation is different
according to the products. The Belgian Ministry of Economic Affairs
regularly surveys a sample of Belgian households representative of
the Belgian population. For each food product, the percentage of
purchasing households is recorded. Recently, organic products were
distinguished in the survey. According to the results, the share of
purchasing households reaches 10% for organic eggs, 6% for organic
milk and dairy products, 4% for bread and cereals, 0.5% only for
meat and fish. Of course, many households buy both organic and
conventional products and the figures abovementionned do not mean
that organic eggs represent 10% of the market.
8. Retailing of organic products
As for conventional products, organic products in Belgium are
mainly bought and sold in supermarkets, which have understood that
organic products could be interesting from a marketing point of view.
Shops specialized in organic products arrive in the second position.
Other ways of retailing are much less important, though quantities
using these channels are increasing :
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- direct sales on farms;
- sales on local weekly markets;
- sales through cooperative shops;
- direct sales through supermarkets (franchising);
- sales through consumers' associations.
9. Development strategy for organic farming
The Wallonian government, which is in charge of the regional
agricultural policy, clearly supports the development of organic
farming (table 2). In the declaration of regional policy of 2004, it was
established as a target for organic farming to reach 10% of the
Wallonian agricultural area in 2010. To meet this challenge, an
important financial support is granted to the farmers. As a total, 7.85
million euros were spent in 2009 (10,000 euros per farm as a mean),
according to the criteria defined in table 2.
Table no. 2
Financial support for organic farming (€/ha)
Conversion
Maintenance
Meadows, forage crops
and fallow

425
(from 0 to 32 ha)
300
(from 32 to 64 ha)
225
(above 64 ha)

275
(from 0 to 32 ha)
150
(from 32 to 64 ha)
75
(above 64 ha)

Other crops

500
(from 0 to 32 ha)
375
(from 32 to 64 ha)
300
(above 64 ha)
900
(from 0 to 14 ha)
600
(above 14 ha)

350
(from 0 to 32 ha)
225
(from 32 to 64 ha)
150
(above 64 ha)
750
(from 0 to 14 ha)
450
(above 14 ha)

Orchads and
horticulture

Source : Région wallonne (2010).
The target of 10% is not reached, but it is clear that the recent
development of organic farming in Wallonia is mainly due to the
financial support decided by the regional government. Under the
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Rural Development Programme, financial support for farmers is also
granted for specific investments in organic farming. Public authorities
(mainly the regional government), also support research and
extension activities, through public institutions (the Walloon Center
for Agricultural Research, universities etc) and associations (Nature
and Progress, the Walloon Agricultural Federation, the Federation of
Young Farmers, the National Union of Organic Farmers, the
Committee for Organic Trials etc). Education and information of the
public are also ensured by public and private actors. All the
stakeholders of the organic sector in Wallonia are represented in
"Bioforum Wallonie", which is officially recognized by the regional
government as a partner for the definition of the policy regarding this
sector. Bioforum Wallonie is also involved in the definition and
implementation of advertising programmes for organic products,
under the authority of the Wallonian Agency for the Promotion of a
High Quality Agriculture.
10. Conclusions and perspectives
Organic farming registered a remarkable development in
Wallonia during the last years, reaching 5% of the number of farms
and of the agricultural area.
This evolution is due to the increase of demand, but also to
the support of the public authorities, mainly the regional government.
Presently, the domestic production is not sufficient to satisfy
the demand. So, a further development of the organic sector in
Wallonia can be expected. However, the increase of the demand is
limited by the prices of organic products, which are 70% higher than
ordinary products.
It is also clear that the financial support of public authorities,
through direct payments or services like research, extension,
advertisement, is essential for the maintenance or development of the
Wallonian organic sector. This support is not granted for the future,
but can be expected.
International competition is also important, as organic
products are not linked to a given territory and other countries can be
in a better position than Wallonia.
So, finally, a small further development of the Wallonian
organic agriculture can still be registered, and the target to reach 10%
of the agricultural area can be expected.
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Abstract. The phenomenon of climate change and its main
effect, the global warming, is more and more present at the planetary
level. The reduction of the greenhouse gas emissions represents a
way to avoid significant environmental degradation by climate
change. The use of renewable energy offers a "clean" alternative for
energy production, which allows considerable reduction of
greenhouse gases (GHG) emissons. Romania, as part of the United
Nations Framework Convention on Climate Change (UNFCCC) and
of the Kyoto Protocol, and also as a EU member, committed to
contribute to the global effort for GHG emissions mitigation. Starting
from the significant potential of Romania’s unconventional energy
resources, the following paper presents an evaluation of GHG
emissions reduction by using energy derived from renewable sources.
Key words: climate change, mitigation, greenhouse gas
(GHG), emissions, renewable source of energy.

1. Introduction
Fossil fuel combustion has a major contribution to greenhouse
gas emission – mainly by CO2 production. Moreover, varying by fuel
type, combustion technology, and abatement measures, acidifying
pollutants and particulates emissions occur. Therefore, mitigation of
the pollutant emissions from fossil fuel combustion is a major goal
for the environmental and health protection – one of the most
important requirements for a sustainable development. On the other
hand, fossil fuels are limited and expensive resources, often far from
their usage place. According to the Romanian National Agency for
Mineral Resources, under the current extraction level the national oil
and gas resources are industrially exploitable for 15 years, while coal
would be available for about 30 years. At present, the alternative and
renewable energy becomes more and more attractive at global scale.
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As the conventional technologies for energy production are highly
developed, the energetic efficiency improvement and carbon dioxide
capture and storage seem to be the short-term trend targeting the
GHG emission reduction. The long-term trend would be the
replacement of the non-renewable resources with environmentalfriendly alternative technologies based on renewable resources. The
use of the alternative energy is limited by the current technological
level, by a lower economic efficiency and by environmental
constraints.
2. Romania’s obligations on reducing GHG emissions and
use of energy from renewable sources
Romania, as part of the United Nations Framework
Convention on Climate Change and of the Kyoto Protocol, and also
as EU member, committed to contribute to the global effort for GHG
emissions mitigation. The Romanian National Strategy on Climate
Change defines the national policies in order to fulfil the UNFCCC,
Kyoto Protocol and EU requirements related to the GHG emissions
reduction. As Member State, Romania also harmonises its policies in
this sector with those of the European Union, regarding the
obligations on climate change. The National Action Plan on Climate
Change is the main tool for implementing concrete actions, including
the national strategy, and it includes the actions made to ensure the
fullfilment of its general and specific objectives. The National Action
Plan on Climate Change is a dynamic tool that must be updated
regularly together with the national strategy, in order to optimise the
decisions on policies in the field of climate change and to adapt to the
economic development of Romania. By ratifying the Kyoto Protocol,
Romania has undertaken to reduce in 2008-2012 the GHG emission
levels by 8% compared to the level of 1989, its reference year.
By the Decision No 406/2009/EC of the European Parliament
on the effort of Member States to reduce GHG emissions so as to
comply with the commitments of the Community for reducing
emissions of greenhouse gases until 2020, Romania has a limit for
greenhouse gas emissions of +19% compared to the GHG emission
levels in 2005.
Romania's energy strategy has been developed for 2007-2020.
The general objective of the strategy for the energy sector is to satisfy
the requirements of energy – in the present and for the medium and
long term - at a suitable price, for a modern economy and a civilised
standard of living, in terms of quality, food safety, while complying
to the principles of a sustainable development.
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In accordance with Directive 2009/28/EC, the main objective
at UE27 level consists in achieving the target of 20% as share of
energy from renewable sources in the gross final consumption of
energy (electricity, heat and transport) as well as the target of 10% as
share of energy from renewable sources in the transport sector, until
the year 2020.
The target allocations for Romania, at the level of the year
2020 is 24% share of energy from renewable sources in the gross
final consumption, representing a growth of 6.2% compared to the
year of reference 2005 (the reference value for 2005 was 17,8%).
3. The current stage and the forecasts for GHG emissions
and the use of energy from renewable sources in Romania
One of the priority objectives of Romanian policy for the
energy sector is promoting the valorisation of renewable energy
sources (RES), Romania having a total potential of energy renewable
sources evaluated and published since 2003.
Table no. 1
The national technical potential of renewable sources of energy in
Romania
Source

Annual
potential

Solar energy
Energy from wind
(theoretic potential)
Hydro- energy, of
which less than 10
MW
Biomass and biogas
Geothermal energy

Application

60 x 106 GJ
1200 GWh
23 x 103 GWh

Equivalent energy
economy
(Thousand toe)
1433.0
103.2
1978.0

40 x 103 GWh

516.0

Electric power

6 x 103 GWh
318 x 106 GJ

7591.0

7 x 106 GJ

167.0

Thermal energy
Electric power
Thermal energy

Thermal energy
Electric power
Electric power

Source: GD no. 1535/2003 - “Strategy for the Promotion of
Renewable Sources of Energy”.
In Table no. 2 are the objectives, forecasts and synthetic
achievements at the national level regarding the use of energy from
renewable energy sources according to the provisional document in
the field of Energy from renewable sources, produced in 2010.

47

Table no. 2.
The objectives, forecasts and achievements at national level for the
use of renewable energy sources
UM

2004

2005 2006

2007

2008 2010 2015 2020

National objectives relating to the share of energy from the renewable energy
sources into the gross final consumption of energy in 2020 and approximate
trajectory
Proportion of
24
%
17,8
energy from RES
in total
Share of RES
%
10
in transport
accomplished
forecast with
efficiency measures National Forecast
Commission
The evolution of final consumption of energy
Final
thousand 25498 24768 24768 24022 25303 23056 25537 28507
consumption of
toe
energy
Gross final
thousand 27970 27041 27246 26486 27673 25246 27966 31212
consumption of
toe
energy
Energy from
thousand 4479
4921 4635
4658
5279 4807 5758 7491
RES
toe
Proportion of
%
16,01
18,2 17,01 17,59 19,08 19,04 20,59
24
energy from RES
in total
The evolution of the final consumption of electricity
Final
mii tep 3331
3337 3518
3519
3592
consumption of
electricity
Gross final
thousand 4755
4839 5018
5103
5152 4844 5315 6150
consumption of
toe
electricity
Electricity from thousand 1420
1738 1579
1376
1479 1599 1860 2337
RES - hydro
toe
Proportion of
%
29,86 35,92 31,47 26,96 28,71
33
35
38
electricity from
RES in total
The evolution of the final consumption of energy in transport
Electricity
GWh
1578
1562 1298
1417
1401
thousand
136
134 112
122
120 142 153 157
toe
Gasoline
thousand 2376
1628 1513
1549
1561 4388 4813 5139
toe
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UM
2004
2005 2006
2007
2008 2010 2015 2020
Diesel Fuel
thousand 2504
2318 2575
2771
3310
toe
Kerosene
thousand
141
113 141
182
220 135 230 250
toe
Total in transport thousand 5157
4193 4341
4624
5211 4665 5196 5546
toe
Final
thousand
44
52
58
consumption of
toe
electricity in
transport from
RES
Final energy
thousand
530
consumption in
toe
transport from
RES
Share of RES in
%
10
Transport
Biofuels
thousand
472
consumption
toe
Share of RES in
%
9,18
the consumption
of gasoline and
diesel fuel
The evolution of final energy consumption for heating and cooling
Consumption
thousand 18194 18144 17999 16881 17428 15737 17455 19516
toe
Consumption
thousand 3059
3183 3056
3282
3800
from RES
toe
wood and
thousand 3047
3166 3042
3215
3782
waste wood
toe
biogas
thousand
0
0
0
1
0
toe
geothermal
12
17
13
26
18
energy
The share of RES
%
16,81 17,54 16,98 19,44
21,8
in total

Source: Provisional document in the field of Energy from renewable
sources, 2010.
We observe that, to properly fulfil the objective for the year
2020, Romania will have to use 63.5% of the total available potential
of renewable sources of energy.
Energy represents the most important sector in Romania. The
Energy sector accounted for 66.7% of the total national GHG
emissions in 2008 (without LULUCF).
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Table no. 3
Greenhouse gas emissions from the energy sector
Base year
Category ID Category name
(1989)
2008
1
1. Energy
188410,3
101991,4
1.A.1
1.A.1. Energy industries
106310,3
47584,8
1.A.2. Man. industries and
1.A.2
construction
37551,0
18157,4
1.A.3
1.A.3. Transport
5815,1
14683,6
1.A.4
1.A.4. Other sectors
10540,8
10921,9
1.A.5
1.A.5. Other
NA, NE
NA, NE
1.B
1.B. Fugitive emissions
28193,1
10643,7
Source: UNFCCC Database.
The GHG emissions from the energy sector decreased by
45.87% compared with the base year.
4. The estimation of GHG emissions mitigation in
Romania through the use of energy from renewable sources
From the activities of burning fossil fuels results significant
emissions of CO2, while the extraction and distribution of fossil fuels
represents an important source of CH4 emissions.
To estimate the GHG emissions reduction in Romania as a
result of the use of energy from renewable sources, the following
hypothesis was formulated: from the annual energy potential values
for each type of energy from renewable sources (shown in table 1) we
calculated emissions resulting from the combustion of equivalent
quantities of fossil fuels (coal, natural gas, fuel oil), to obtain the
same quantity of energy.
The calculation of the significant GHG emissions (CO2, CH4
and N2O), strictly for the fuels combustion process was developed
based on 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.
CO2 emissions shall be calculated using the formula:
E = A (TJ) x FE (tCO2/TJ) x Fox
(1)
Where:
 E - CO2 emission resulting from a specific fuel combustion
 A - fuel consumption expressed in TJ
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FE - emission factor corresponding to the used fuel expressed in
tonnes CO2/TJ
Fox – oxidation factor of carbon to CO2

To calculate CH4 and N2O emissions we used emission
factors recommended by the IPCC methodology for the Power
Industry subsector, and the formula for the calculation of these
emissions is:
Ei = A (TJ) x FEi (kg/TJ)
(2)
Where:
 Ei – pollutant i emission resulting from a specific fuel
combustion
 A - fuel consumption expressed in TJ

FEi - emission factor for the pollutant i corresponding to the
used fuel expressed in tonnes pollutant i/TJ
To calculate the emission expressed in CO2equiv we used CH4 and
N2O global warming factors for 100 years and the formula:
ECO2 equiv = Ei x GWPi
(3)
Where:

ECO2 equiv – emission of the pollutant i expressed in CO2 equivalent

Ei - emission of the pollutant i resulted from the combustion
of a specific fuel
GWPi – pollutant i global warming factor for 100 years
Table no. 4.
Emission factors and oxidation factors established through the IPCC
methodology for the CO2 emissions from combustion processes
Liquid fuel
Lignite
Natural gas (dry)
Global warming
potential (GWP)

FE CO2 Oxidation factor FE CH4
(tCO2/TJ)
to CO2
(kg/TJ)
73,3
0,995
3
101,2
0,990
1
56,1
0,995
1
1
23

FE N20
(kg/TJ)
0.6
1.4
0.1
296

Source: 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.
A special mention refers to biomass, which unlike the other
types of renewable resources involves generating emissions (CH4 and
N2O) in the process of obtaining the energy. In calculating the
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emissions of GHG equivalent to Romania’s energy potential in terms
of biomass resources, it was considered neutral from the point of
view of CO2 emissions, but emitting other GHG through combustion.
For this reason, when assessing the amount of CO2equiv replaced by
the use of biomass as a substitute for fossil fuels, the quantities of
CO2equiv emitted through the combustion of biomass were substracted.
The results obtained by carrying out the working assumptions
are presented in Table 5.
Table no. 5
Evaluation of GHG emissions reduction by using Romania’s whole
potential of energy from renewable sources
Source

Annual Annual
potential potential

Aplication

thousands tonnes of CO2
equiv replaced annually

60000 Thermal
energy
4320 Electric power

6470

Natural
gas
3592

82800 Electric power

8332

4626

6059

144000 Electric power 14490

8046

10538

Thermal
31721
energy
Electric power

17734

23114

Geothermal 7 x 106
7000 Thermal
704
energy
GJ
energy
TOTAL GHG emissions reduction by using 61717
whole national energy potential of RES
TOTAL GHG emissions reduction by energy 22110
from RES achieved in 2008

391

512

34389

44930

12337

16102

Lignite

(TJ)
Solar energy 60 x
106 GJ
1200
GWh
Energy from 23 x
wind
103
(theoretical GWh
potential)
Hydro40 x
103
energy
GWh
Out of which 6 x
under 10
103
MW
GWh
Biomass and 318 x
biogas
106 GJ

Liquid
fuels
4706

318000
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The results obtained led to the idea that by using the potential
energy from renewable sources, the GHG emissions "saved" annually
would be about 2.8 times higher compared to associate reduction by
using energy from renewable resources in 2008.
These values can be corrected in the sense of an additional
reduction as a result of GHG emissions “saved” from the fossil fuels
extraction, preparation and distribution.
5. Conclusions
The fossil fuels combustion in the energy sector is the
national main source of GHG emissions. The use of renewable
energy offers a ”clean” alternative for energy production, which
allows considerable reductions in emissions of greenhouse gases.
Romania, as part of UNFCCC and of the Kyoto Protocol, and
also as EU member, committed to contribute to the global effort for
GHG emissions mitigation.
According with the provisions of 2009/28/EC Directive on the
promotion of the use of energy from renewable sources, Romania as
Member State had the obligation to prepare the National Action Plan
in the field of energy from renewable sources.
Starting fron Romania’s significant potential of
unconventional energy resource, an assesment of GHG emissions
reduction was performed by quantifying GHG emission reductions
in the simplifying assumption of substituting fuels combustion with
RES in the energy sub- sector. The assesment of GHG emissions
was based on 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.
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Abstract. Environmental changes triggering human activities
are considered harmful for both public health and ecosystem health.
At corporate level they are addressed within the framework of
environmental risk management or integrated environmental
management system. The paper questions the effectiveness of these
approaches on the basis of a case study – the Deepwater Horizon
platform’s explosion. There are treated aspects of basic
environmental risk management, how it is approached by the
company in focus and how they influence the response of the
company to the accident. We conclude by outlining several lessons to
be learnt and policy implications.
Key words: adverse environmental changes, environmental
risk management, oil pollution, BP.

1. Introduction
The environmental dimension is increasingly in focus since
the recognition of humans’ dependence on natural resources and
quality of environmental components – air, water, and soil. Such
focus yielded not only tremendous debates in academic, civic, and
business meetings, but also a sharpening of policy initiatives to create
incentives for changing corporate behavior toward a reduction of
environmental impact.
Environmental policy tools such as regulations, standards,
taxes, subsidies, pollution permits and emission trading schemes,
gathering environmental data and spreading of environmental
information, support for environmental research and education are
common places in most developed countries, having also good
perspectives in transition economies and developing nations. Due to
their application and to the increased public awareness in
environmental issues the so called environmental pressure on
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companies activating in polluting industries increased and called their
administration to the decision desk. Thus many corporations designed
or acquired environmental management systems that allow them to
reduce the environmental impact, meanwhile maintaining their
economic indicators at levels that are still attractive for the nonpersonal investors entering the financial markets.
More and more comprehensive environmental policies, with
improved rational in their strategic vision and policy tools that are
refined at some extent by a more than a decade experience in their
application, well established environmental institutions – ministries,
agencies, control bodies, research units -, a good and quite powerful
reaction on the behalf of business, a more careful public with better
environmental information and even education, increased
international cooperation, “greening” of global economic crisis
agenda could be considered strong signals of change toward
sustainability. Nevertheless, recent events, along with the wise
signals of various scientists, ring the bell – all these accomplishments
could be great in terms of change, but they are very far behind the
real needs of environmental protection.
This clash is the main motivation of the present paper which
examines the effectiveness of environmental risk management on the
basis of a case study – the Deepwater Horizon explosion in the
Mexico Gulf. The first part will establish the basic tents of
environmental risk management at corporate level. Further, we
examine how British Petroleum addresses this issue. Finally we
present the case of the accident with details on the response and
ecological consequences. Finally we conclude by outlining several
lessons to be learned and policy implications, considering both the
ones that already occurred and those to be expected on short and
medium term.
2. Environmental risk management
Companies’ environmental profile could be different
depending on their main activity, size, top managements attitude
toward environmental protection, ownership structure, visibility,
market and production sites location (national or international) (Bran
et al., 2010; Rădulescu şi colab., 2010; Ioan, 2009; Ioan et al., 2009;
Aerts et al., 2008; Ioan and Rădulescu, 2008; Rodrigues and
Domingos, 2008; Gray et al., 1995).
Although the abovementioned factors could determine very
different approaches and outcomes, large and highly polluting
companies have a common feature by addressing the environmental
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challenge in an integrated manner. This means designing or acquiring
management systems for the environmental issue as a whole or as a
source of risk (Ioan et al., 2009).
In many business dictionaries environmental risk management
is defined as actual or potential threat of adverse environmental
changes (AEC) by effluents, emissions, wastes, resource depletion
arising out of an organization’s activity. The concept of AEC covers
a wide range of changes, that could be grouped as follows:
• Emissions: climate change; ozone layer depletion; acid rain;
air pollution/smog
• Effluents: pollution of streams, lakes, seas, groundwater
• Waste: enlarged dumping sites; emissions and effluents
• Resource depletion: reduced availability of resources for
others.
The fact is that each of the problems mentioned should be
understood as a stage of a more or less long cause-effect chain. For
instance, in case of climate change, the first stage (AEC 1) is the
increase of global atmospheric concentrations of carbon dioxide,
methane and nitrous oxide. The carbon dioxide results from fossil
fuel burning and land use change, while nitrous oxide and methane
come mainly from agriculture (fertilizer use, cattle). The second stage
(AEC2) is alteration of the climate system’s energy balance, by
increasing its radiative forcing. In other terms, the difference
between the incoming radiation energy and the outgoing radiation
energy at the atmospheric boundary between the troposphere and the
stratosphere.
Pollution is another important AEC. It could come in many
forms depending on the component of the environment that is
polluted or the substance that pollutes. The outmost of pollution is
due to highly toxic substances that fail to decay or have the potential
to accumulate within biomass. Such substances include persistent
organic pollutants (POPs), out of which the dirty dozen (aldrin,
chlordane, dieldrin, endrin, heptachlor, hexachlorobenzene, mirex,
toxaphene, DDT, polychlorinated dibenzofurans, polychlorinated
biphenyls, and dioxine) have the largest potential to trigger AEC;
heavy metals (lead, chromium, cadmium, mercury); and radioactive
substances (uranium, thorium, strontium etc.).
Environmental risk management is well grounded in theory.
Thus, all environmental risks could be identified, analyzed and
assessed in such a manner that rational options could be made on the
ways of reducing risk, social and economic costs, benefits of risk
reduction providing the basis for an integrated and safe risk
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management. Further, all options – for location, prevention,
reduction, protection and institutional elements – could be exploited
in a holistic and complementary manner that allows the optimization
of the management process’ resources. Environmental risk comes in
many forms, its management relying on a good classification. Thus,
there could be outlined six types and sources of risk, as follows:
- Continuous emissions in air, water, and soil arising out of an
organization’s activity;
- Accidental discharges of hazardous substances arising out of
industrial installations that have adverse effects on human and
environmental health;
- Transport systems which are continuous emission sources and
could be subjects of accidents;
- Natural sources of accidents: earthquakes, storms, floods,
eruptions that overlap on human risk sources;
- Agricultural activities that inflict on human and environmental
health – fertilizing, pesticides spreading, irrigation;
- Urbanization and associated infrastructure.
Figure no. 1
The general framework of environmental risk management

Source: EEA. Environmental Risk Assessment – Approaches.
Experiences and Information Sources.
http://www.eea.europa.eu/publications/GH-07-97-595-EN-C2
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Risk, in general, and environmental risk is not apart, is a two
bladed issue. On the one hand, there is the process that induces
changes, namely AEC. On the other hand, there are the subjects that
support the changes. In case of AEC, these subjects are inhabitants
and ecosystems.
Such theoretical basis supports the general framework of
environmental risk management, which is presented in fig.no.1.
Considering the different subjects of the environmental risk,
the environmental risk assessment procedure is differentiated for
health and ecosystems. Health risk assessment consists in:
• Hazard identification: identification of the adverse effects
which a substance has an inherent capacity to cause
• Hazard characterization: estimation of the relationship
between dose, or level of exposure to a substance, and the
incidence and severity of an effect
• Exposure assessment: determination of the emissions,
pathways and rates of movement of a substance and its
transformation and degradation in order to estimate the
concentration/doses to which human populations or
environmental compartments are or may be exposed
• Risk characterization: the estimation of the incidence and
severity of the adverse effects likely to occur in a human
population or environmental compartment due to actual or
predicted exposure to a substance, and may include „risk
estimation”
Ecosystem risk assessment will follow similar steps. The
differences start in the stage of effect assessment. This means the
identification of the hazard based on its physical-chemical properties,
ecotoxicity and intended use, and the estimation of a Predicted No
Effect Concentration (PNEC). Where Environmental Quality
Standards are available, these should be considered before setting a
PNEC. At this stage it is important to follow up the pollutant through
the environment (fig.no.2). To be successful it would be necessary to
consider the following:
- Any substance will move between environmental compartments
(air, water, soil/sediment and biota) and be subject to
environmental partitioning
- Substances will move from their point of entry to the
environmental compartment for which they have most affinity
- Substances can undergo chemical transformations in every
environmental compartment.
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Figure no. 2
Transport and transformation processes for substances in
environmental compartments (Source: Calamari and Naeve, 1994)

Substance

AIR
Photolysis
Hydroxyl radicals
Ozone reactions

BIOTA
Biodegradation
Metabolism

SOIL
Oxidation
Reduction

WATER
Oxidation
Reduction
Hydrolysis

SEDIMENT
Oxidation
Reduction

Source: CALAMARI, D., NAEVE, H. (eds) 1994.It is also useful to
consider the “unit of the world” fugacity model proposed by Mackay
(Fig. no. 3).
Figure no. 3
The “unit of the world” fugacity model of Mackay

Source: Mackay et al., 1983
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Exposure assessment is made by the calculation of the
Predicted Environmental Concentration (PEC). This should consider
release, degradation, and transport and fate mechanism. PEC is
calculated initially using realistic worst case scenarios developed
from Industry or Use Category Documents or, if these are not
available, from estimated figures.
For risk characterization a risk quotient is calculated as
PEC/PNEC ratio. If the ratio is less than 1, the substance is
considered to present no risk to the environment in a given scenario.
The above presented methodology is developed in great detail by the
EU, although UN sources consider that at some extent it fails to
capture the complexity of the ecosystems.
Environmental risk assessment is followed by risk
management. This means determining whether the risks identified
need to be mitigated. At this time it would be also important to
consider relevant laws, regulations and policies, societal values,
relevant program objectives and socio-economic aspects. Other
actions of risk management are: emission and exposure control; risk
monitoring; risk communication. A brief outline of how these are
translated in action in case of accidents is presented in Fig. no. 4.
It is worth to mention that “before” is the most important
stage for planning. “During” any accident there is no physical time
for planning, and this could lead to confusion, waste of resources and
exponential amplification of harmful consequences.
Figure no. 4
Action chain in case of accident
Meansof
spreading

Source

Receptor

Possibilities
identification and
assessment

Areacontrol

Preparedness

Before

Intervention for
urgent curtail

Affected area
outlining

Situationcontrol

During

Remediation

Areacontrol

Effect reduction
and assessment

Immediate
after

Ecological
restoration

Areacontrol

Improving
preparedness

After

Source: Rojanschi et al., 2004.
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3. Business case: BP Deepwater Horizon explosion, Gulf
Mexico
3.1 Company profile
British Petroleum (BP) is one of the largest companies in the
world, leading the FortuneGlobal tops for years. Although it started
as an oil business, the environmental pressure of the last two decades
coming from both government and public, along with the nearby
perspective of “oil peak” contributed to a slight change in the
mission. Therefore, BP claims that it is an energy company that
pursues to responsibly provide energy to a more and more demanding
society. The fact is that BP is among the “greenest” oil industry
companies.
3.2 Environmental risk management framework
In environmental risk management, BP recognizes three risk
sources:
– Strategic: climate change and carbon pricing
– Compliance and control: environmental and health and
safety protection controls; environmental liabilities;
reporting non-financial data
– Operational: process safety; environmental drilling
and production; contingency plans; crisis management
These risks are addressed in an integrated manner that
involves:
 An integral Health, Safety, and Environment (HSE)
management system designed by the company, known as
Operating Management System (OMS) (fig.no.5);
 ISO 14 001 certified Environmental Management System;
 Environmental Impact Assessment for every project or
change.
The OMS is based on the performance improvement cycle.
For this safety and reliability can be delivered by empowering
operations managers and supervisors, who are closest to operational
problems, to develop the necessary solutions. OMS will bring rigor to
local problem solving and generating learning by applying that
experience.
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Figure no. 5
Operating Management System

Source: BP website
3.3 The Deepwater Horizon explosion
On 20th April 2010 the ultra-deep oil-drill well exploded due
to a gas accumulation that could not be handled by the safety pipe
system. The event headed tabloids for some days, but it actually
lasted more than three months, since the oil leakage continued until
27th July 2010. The amount of oil leakage started with 8 thousand
barrels per day and went up to 20-62 thousands barrels per day, with
a total estimated to 4.5-8.7 million barrels. This amount is
comparable with the largest oil spill ever, which occurred in the
Persic Gulf, during the Iraq War. The impact of this explosion could
be summarized as follows:
– 5 600 km of coastline habitat for three quarters of all of the
migrating waterfowl that cross the US;
– Habitat of the largest population of bottlenose dolphins ;
– Endangered species: six whale species, the world’s most
endangered sea turtle (Kemp’s Ridley), several shark species
(of concern);
– Four out of seven top US fishing ports;
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–

USD 20 billion worth tourism industry that relies on
recreational fishing and beaches.

3.4 BP response: actions and figures
To such event, the international community, governments,
local fishermen, nature defending NGOs expected an immediate and
highly effective reaction. Unfortunately their expectations were not
fulfilled. This does not mean that the company did not take seriously
the event.
For stopping the leakage the company made the following
actions at the site of the platform: fitting caps on the well; using
containment systems that pipe oil to vessels on the surface and
drilling relief wells. Further, a lot of efforts were invested in cleaning
actions by: skimming oil from the surface, carrying out controlled
burns, spraying dispersant, laying protective boom, and collecting
contaminated materials from beaches.
Within the affected community, the company paid all
legitimate claims for damages resulting from the oil spill and
necessary response costs. Since the ecological impact was at the scale
of disaster, the company established a program for wildlife
rehabilitation and a web page – “Deepwater Horizon response”.
In figures, the BP response is outlined by the followings:
• Mobilization and deployment: 29 200 people; 4 443 vessels;
835 skimmers; 81 aircrafts; 2.7 million feet of boom
deployed;
• Containment: 826 662 barrels of oily liquid; skimmed 265
238 barrels in controlled surface burns, meaning 1.09 million
barrels;
• Claims and Payments: over $4 billion spent to date, out of
which: 103 900 payments made; $319 million paid to
claimants; 5 days average from claims to be paid; $20
billion claims escrow fund; $100 million unemployed rig
workers' fund; and $500 million establishing Gulf Coast
Research Institute (in 10 years).
3.5 Lessons to be learned and policy implications
Although there is of a great concern the effectiveness of
environmental risk management after this event, we should consider
this from the perspective of adaptive management. In other terms, we
should seek what could be learnt and transformed into improvements
in further risk management. Some of the lessons are the following:
• Every project is unique;
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Generic plans are never sufficient – risk management and
environmental impact plans were prepared for other
deepwater projects;
• In construction projects safety should be the highest priority,
instead of costs;
• There is no readily available technology to deal with such
situations or other factors are strong enough to prevent wider
involvement;
• The tradeoff between PR and legal discretion is an extreme
challenge;
• Preplanning for accidents, disasters and disaster recovery is
crucial – during and in the aftermath there is no time for
planning;
• There are other lessons to be learned.
Such an event had a great echo at the governmental level
triggering a range of changes that will impact firstly on the oil
industry, propagating further in the entire society that relies heavily
on oil as source of energy. These include:
• Removing subsidies for offshore oil drilling (US)/Moratorium
on new off-shore drilling sites (EU);
• Rethinking transport policies to improve efficiency and
diversify options;
• New industry standards pertaining to safety equipment and
procedures used when drilling deepwater and ultra-deepwater
areas resulting in a 10-20% cost increase;
• Emergence of new measurement means for marine oil
pollution damages (e.g. Lost ecosystem goods and services);
• Strengthening the support for RES (Renewable Energy
Sources);
• New liability limits and insurance capacity;
• Future insurability of offshore oil spill perils.
Deepwater Horizon is considered the worst ecologic disaster
in USA. Nevertheless, the wide public had little understanding on the
scale of the event. The changes to be made in the legal framework
will raise some of the costs, by increasing the safety measures to be
applied.
•

4. Conclusions
Environmental risk management is a highly refined tool for
avoiding or at least reducing adverse environmental changes due to
pollution, carbon dioxide emissions, resource depletion, waste
accumulation and others. Its application is costly, but remains in the
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array of justifiable cost within the legal framework that pursues
improved environmental sustainability.
Theory is failing to provide a good understanding of the
environment-economy relation at corporate level. Thus, according to
the legitimacy theory, it is expected that large companies acting in
polluting industries, with good economic performance and high
visibility will be able to avoid major accidents and in case that this
occur will be able to maintain risk at low levels. All these tenets are
contradicted by the explosion occurred in April 2010 at the
Deepwater Horizon platform of BP.
It is, however, unwise to jump in conclusions based on a
single case. Thus, we consider that the existing environmental
management systems, including those treating environmental risk are
good enough to handle the main issues occurring at corporate level.
Other interplays should be explored, perhaps in the political realm, to
explain both the causes and the weak responses.
Bibliography:
1. AERTS, W., CORMIER, D., MAGNAN, M., 2008,
Corporate environmental disclosure, financial markets, and
the media: An international perspective, in Ecological
Economics, 64, pp.643-659.
2. BRAN, F., IOAN, I., RĂDULESCU, C.V., 2010, Internal
Drivers of Environmental Performance. Case Study: the
trading activity, Amfiteatru economic, vol.XII, nr.27, pp.145154.
3. CALAMARI, D., NAEVE, H. (eds.) 1994, Review of
pollution in the African aquatic environment, CIFA Technical
Paper No. 25 Rome FAO Rome.
4. GRAY, R., KOUHY, R., LAWERS, S., 1995, Corporate
social and environmental reporting. A review of the literature
and a longitudinal study of UK disclosure, in Accounting,
Auditing & Accountability Journal, 8, 2, pp.47-77.
5. IOAN, I., RĂDULESCU, C.V., 2008, Climate change
discourse of oil companies, in Quality – access to success,
special issue: QIEI 2008 International Conference on Quality
– Innovation – European Integration, nr.93.
6. IOAN, I., 2009, Voluntary reporting of environmental
performance, in Quality – access to succes, nr.5.
7. IOAN, I., BRAN, F., RĂDULESCU, C.V., KARIMOV
TAHIR, H., POPA, C., PÂRGARU, I., MOGA, T., 2009,

66

Environmental performance in the oil industry, Bucharest,
Universitară Publishing.
8. IPCC, 2007, Fourth assessment report: Climate change
2007,
http://www.ipcc.ch/publications_and_data/publications_and_
data_reports.htm#1.
9. MACKAY, D., PATERSON, S., JOY, M., 1983,
Application of fugacity models to the estimation of chemical
distribution and persistence in the environment, in ACS
Symposium Series, nr.225, pp.175-196.
10. RĂDULESCU, C.V., BĂLU, F.O., MARICESCU, L.D.,
2010, Implementation of sustainable banking principles in
banking risk management, in 17th International Economic
Conference The Economic World Destiny: crisis and
globalization?, 13-14 May 2010, Sibiu.
11. RODRIGUES, J., DOMINGOS, T., 2008, Consumer and
Producer environmental responsility: Comparing two
approaches, in Ecological Economics, 66, pp.533-546.
12. ROJANSCHI, V., BRAN, F., GRIGORE, F., DIACONU,
S., 2004, Evaluarea impactului ecologic şi auditul de mediu,
Bucharest, ASE Publishing.
13. http://www.eea.europa.eu/publications/GH-07-97-595-ENC2, EEA. Environmental Risk Assessment – Approaches.
Experiences and Information Sources, accessed on
03.01.2011.
Corresponding author: Ildiko IOAN: Bucharest Academy of
Economic Studies, Faculty of Agro-Food and Environmental
Economics, Str. Mihail Moxa, no. 7. Bucureşti, România, e-mail:
ioanildiko@yahoo.com.

67

68

METHODOLOGY USED FOR ZEARALENONE
QUANTIFICATION IN MAIZE SAMPLES FROM THE
COUNTY OF CLUJ, ROMANIA
Antonia ODAGIU1, Ioan OROIAN1
1

University of Agricultural Sciences and Veterinary Medicine
Cluj-Napoca, Faculty of Agriculture, Romania

Abstract. A method for identification and quantification of
zearalenone in maize samples is proposed, in order to be used for
routine analysis practiced for identification of the fungal load of grain
samples. This methodology is also recommended by the international
standard SR CR 13,505. The principle is to determine the conditions
of use HPLC imunoafinity columns. One hundred maize samples
were taken in study. They were harvested from private households
located in the county of Cluj, during autumn of 2010. Twenty
samples were found positive, with values of zearalenone in
concentrations ranging from 250 to 450 mg/kg.
Key words: mycotoxins, zearalenone, HPLC, immunoafinity
column.

1. Introductive considerations
From many natural pollutants, fungi and fungal mycotoxin
metabolites categories are the least studied. So far it is known that
many species can produce toxic products, mycetes, known as
mycotoxins, with serious implications for the health of animals and
their products and also for the individual as the last in the chain of the
consumers.
Mycotoxins are metabolic products of toxinogene mycetes
and from chemical point of view, they are: polypeptides, terpenic
compounds, derivatives of oxalic acid, alkaloids, quinones
derivatives, coumarin, etc. In any part of the world, where grown
cereals, fodder of any kind, where climatic conditions are favourable
for their development, including humidity, temperature, position,
location, cultivation system, harvesting and storing, certainly
presence of one or more types of fungi that can contaminate the
substrate and thus produce mycotoxins (SMITH ET AL 2003).
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The zearalenone is an acid lactone resorcylate and has
chemical structure similar to steroid hormones. It has relatively high
stability in neutral medium and high temperatures (80 - 120 °C). In
alkaline environments (pH = 11) heat treatment destroys zearalenone
in tens of minutes. Zearalenone and can be destroyed by oxidizing
agents such as hydrogen peroxide. The mycotoxin zearalenone (ZEA)
and its derivatives, alpha and beta-zearalenol (alpha and beta-ZOL)
are synthesized by genera Fusarium. The zearalenone, alpha and
beta-zearalenol are secondary metabolites produced by this genera
(MINERVINI ET AL 2006). They often occur as contaminants of cereal
grains and animal feeds. Average concentrations in various grains in
zearalenone are between 14 and 18 µg/kg.
The fluids of animals that contain the mycotoxin may also be
considered as sources of zearalenone and its derivatives. They can be
found as its glucuronide in: urine of cows, rats, rabbits, and swine
(Plasencia et al., 1990). The sulfate conjugate was reported to occur
in cow urine. It was determined indirectly by enzymatic hydrolysis
and then analysis of zearalenone (MIROCHA 1979, cited by
PLASENCIA ET AL 1990).
The main feature of zearalenone is an estrogen-like effect in
several animal species. Zearalenone (ZEA) produces infertility and is
involved in estrogen action. This estrogen effect is due to similarities
in structure between ZON (and metabolites) and estradiol (VISCONTI
ET AL 1998). The importance of ZEA on reproductive disorders is
well known in domestic animals.
The farm animals most affected are the sexually immature
gilts, but also horse and cattle.
The decontamination of food and feeding stuff containing this
mycotoxine still represents one of the most important problems that
animal breeders confront in some world areas. The enzymatic
inactivation of fungal toxins, as zearalenone, is an attractive strategy
that may be successfuly used in this aim.
Several such enzymes, which are used for ZEA inactivation were
identified. Among these, since 2003, MATTHIES and BUCHENAUER found
such a constitutively expressed enzyme opening the lactone linkage
within the macrocyclic ring system of zearalenone. They isolated it
from Gliocla dium roseum. It catalyzed the transformation of the
ZON and was named ZON degrading enzyme. The resulting products
of the enzymatic reaction have lost their estrogenic capacity and for
this reason, they are less toxic.
Zearalenone derivatives, in animal body, are alpha and beta
zearalenole (fig. 1).
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Figure no. 1
Zearalenone and its metabolites

The three-dimensional structure of zearalenone was identified
using the analysis of all the vicinal proton – proton coupling
constants, together with molecular modelling results and the
complete 1H and 13C NMR spectra. an, leads to a very similar to
those observed x-ray crystallographically for related systems.
α-Zearalenole is three times more active in terms of
estrogenic activity compared to ZON and relative pigs than in other
species (SMITH ET AL 2003; VISCONTI ET AL 1998).
Currently, to determine the qualitative and quantification of
zearalenone in grain samples the preferred method is the high
performance liquid chromatography (HPLC). Chromatographic
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detection of zearalenone is based on its chemical and physical
properties, the solubility in organic solvents and the ability to
produce blue fluorescence under UV light, more pronounced at the
wavelength of 274 nm (KUSHIRO ET AL 2006).
2. Material and method
The methodology of determining zearalenone in grain
samples is that with immunoafinity columns recommended by the
international standard SR CR 13,505 Food products. Biotoxins. The
principle of quantitative determination of zearalenone by HPLC (fig.
2) includes a series of steps: sampling, smashing, extraction, sapmple
preparation for HPLC, introduction in HPLC device, sample
purification, and finally sample quantification and results posted on
computer display (VISCONTI ET AL 1998; SCHNEWEIS ET AL 2002).
Determinations were made using 100 samples of maize,
which were originated from sixty private farms located in the county
of Cluj. The samples were harvested in autumn of 2010.
Apparatus and reagents:
 die laboratory,
 analytical balance,
 immuno-affinity columns EasiWExtract,
 rotaevaporator,
 Schimadzu HPLC device, chromatography paper
(Whatman no. 4),
 stand with clamps,
 cylinders,
 pipettes,
 adapter,
 suction device,
 distilled water,
 methanol (HPLC quality),
 acetonitrile (HPLC quality),
 PBS buffer pH 7.3: 1.25 g Na2HPO4/0.18 g
NaH2PO4, 8.59 g NaCl.
Sample preparation. The experimental
chromatographic analyze is described in Fig. no. 2.

72

flow

of

Figure no. 2
The principle of zearalenone identification (hplc)
Sample prelevation
MeCN/water

Smashing

Extraction with

Filtration - centrifugation

Dillution with BSB buffer

Eluation

Purification

Column equilibration with BSB buffer Filtrate on column

Washing Elution

HPLC DETERMINATION
The zearalenone separation using immunoafinity columns.
EasiWExtract zearalenone is an immuno-affinity column
based on monoclonal antibodies.
Zearalenone found in an extraction solution binds selectively
and with high specificity of antibody affinity column.
Through a process of washing removes impurities from the
affinity column (VISCONTI ET AL 1998).
Zearalenone is then released by elution in methanol or
acetonitrile.
With this eluate is working more in the manner of
determination. It may, for example, be determined using a HPLC.
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Binding capacity for zearalenone affinity column contains at least 2.5
µg.
Determination by HPLC
With an adapter that is set on a tank the immunoafinity
column is activated by removing the cover spine.
It is then placed on a stand or sit that makes the device able
for absorption.
With a pumping device the immuno-affinity column is
washed with 20 ml of buffer (at a rate of 5 mL/min).
Then introduce 50 mL of diluted sample extract
(corresponding to a gram of sample), which is then passed by
immuno-affinity column (under the action of gravity or a debit ≤ 5
mL/min).
Subsequently it is washed with 20 mL of distilled water (flow:
5 mL/min) and the remaining water is removed by drying.
Zearalenone is eluted from the cartridge by placing 2 mL of
acetonitrile (HPLC quality) and captured in a conical-bottom flask.
The eluate is dried at 40 °C in a rotary evaporator.
Over the sample dry methanol is added, then it was
solubilized in ultrasonic bath and afterwards put on container
response.
Subsequently the sample is dried in nitrogen environment at
40 °C. The dried sample was passed in 250 mL methanol, centrifuged
and then placed in the HPLC vial.
Fluorescence detector is used and the determinations were
made at wavelength λex = 274 nm and emission λem = 440 nm.
Standard solution was used: zearalenone (Sigma) stock
solution 100 mg/mL in acetonitrile.
Calibration standard solution is 60 ng/mL in methanol.
Mobile phase for HPLC system consisted of
acetonitrile/water: 55/45 (v/v).
The traits of the mobile phase:
 Wave length where the solvent become opaque
190 nm
0
1.341
 Refraction index at 25 C
 Boiling temperature
820C
 Viscosity
0.34cP
 Polarity parameters of solvent
5.8
 water solubility at 200C a of the solvent used for Miscibile
liquid – solid adsorbtion
 Value of dielectric constant at 200C
37.5
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3. Results and discussions
After processing of 100 samples and their introduction into
the HPLC system, the resulting chromatogram (fig. 3), characterizing
their contents zearalenone (A) was compared to standards used (B)
and β 1 - zearalenol, α 2 - zearalenol and 3 zearalenone (fig. 3).
Figure no. 3
Example of chromatogram obtained for maize extract separation in
zearalenone identification

Twenty maize samples were positive detected. The values
obtained (Table no. 1) are contained within 250 mg/kg and 450 mg/kg
concentration values interval.
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Table no. 1
The values obtained for zearalenone prelevated from maize grains in
the county of Cluj
Sample
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
Sample 8
Sample 9
Sample 10
Sample 11
Sample 12
Sample 13
Sample 14
Sample 15
Sample 16
Sample 17
Sample 18
Sample 19
Sample 20
Mean
Standard Deviation

Concentration (µg/kg)
250
326
450
382
421
432
411
450
318
251
295
299
318
351
342
341
350
348
442
450
361.35
65.13

The quantification of the mycotoxin (zearalenone) is done
taking into account the area's peak corresponding product
concentrations of interest recorded on the chromatogram.
Example for the determination of zearalenone:
1. The peak area is calculated in order to determine the
standard zearalenone concentration
peak – 27.5 mm . . . . . . correspund to 0.4 µg ZON/ml
x. . . . .. . . . . . . . . . . . .
to 1 µg ZON/ml
x = 68.8 mm
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2.The unknown concentration is determined by calculating the
peak area function of the standard solution and that obtained from
the determination
peak – 68.8 mm . . . . . . . . . . . . . . . . 1 µg ZON/ml
1.7 mm . . . . . . . . . . . . . . . . x µg ZON/ml
x = 1.7/68.8 µg/ml
4. Conclusions
From one hundred samples analyzed maize, collected from
private households in the county of Cluj, only twenty were found
positive, with concentrations of zearalenone within the range from
250 to 450 mg/kg. Testing methods for quantification of zearalenone
in samples of feed demonstrated that the method can be use in
laboratory conditions, where it has been implemented.
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CONDITIONS DURING THE 2003 - 2012. NOTE I: 2003 – 2007
Ioan OROIAN1
1

University of Agricultural Sciences and Veterinary Medicine
Cluj-Napoca, Faculty of Agriculture, Romania

Abstract. In the last two decades, after social, political and
economical changes, the Romanian inventory of the pollutants in
atmosphere became a strong necessity. Presently, this is performed at
regional level, based on the information delivered by the inventoried
economical operators and based on statistical data. Based on
correlation performed between the main air pollutants during a five
years period, 2003 – 2007, a complex picture of the pollution state
was obtained. The results of the multiregression analyze applied to air
pollutants emission, is not suitable for our aim and necessity of
finding another prediction model in order to explain these air
pollutants is imposed.
Key words: air pollutants, correlation, multiregression model.

I. Introduction and preliminary considerations
This article focuses on the evolution of air pollutants of most
concern for Romanian environmental protection development, during
2003 – 2007, within climatic changes conditions.
Geographically, Romania is situated within the centre of
Europe, between the Atlantic Coast and Urals Mountains, within and
without of the Carpathian Mountains, downstream of the Danube and
with exit to the Black Sea. Romania has transition temperate
continental clime marked by Oriental, Oceanic, Scandinavian Baltic, under Mediterranean and Pontic influences (Report
concerning the environmental status in Romania, 2003 - 2007).
At national level, the absence of synchronization between the
increasing rhythm of economical development and environmental
protection measures determined the clime alteration. Direct pollutant
emissions in the atmosphere, another factor influencing the air
quality, contribute to the climate change. As consequence, in the last
17 years, Romania reported a temperature increase of about 20C,
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compared to the normal climatologic parameters recorded during the
past years interval 1961 – 1990.
The comparison between the winter minimum temperatures
recorded during 1961 - 1990 (fig.1) and prognosis for 2070 – 2099
(fig. 2) reveals the tendency of severe temperature increase (over 14
0
C), if appropriate measures will not be taken in order to diminish
pollution generally, and air pollution, particularly (Romanian
National Strategy Concerning the Climatic Changes, 2007).

Fig. no. 1. Long term mean of the Fig. no. 2. Prognoses for the winter
winter mean minimum temperatures mean minimum temperatures over
for 1961 - 1990
Romania for 2070 - 2099
Background: The picture of the local inventory of
atmospheric pollutants results from the information delivered by
inventoried economical operators (production level, devices,
installations and vehicles, total fuel consumption previously used)
and statistical data (number of inhabitants by county, number and
categories of registered cars, etc). It is performed with several aims:

The identification of the pollutant sources and activities.

The identification of the possibilities to mitigate the emissions
and development of strategies in this direction.

The estimation of costs and benefits of different environmental
policies.

The use of the emission inventories as input data for the models
of pollutants dispersion with the aim of air quality assessment.

Delivery of necessary information for assessing the efficiency of
environmental protection policies and programmes.

Deliver suitable data for public information using established
indicators.

Assessment of the conformity to the assumed engagements when
the adhesion to the international Conventions and Protocols was
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performed, by accomplishing the emission thresholds and
achieving the reduction objectives.

The verification of the adopted policies and measures in order to
mitigate the emissions at territorial sectorial (industry) level, and
interaction between the sectorial policies with impact on the
environment.
Due to the considerable harmful effects on the environment,
the interrelation between sulphur dioxide, nitrogen oxides and
ammonia, VOC, heavy metals (mercury, lead, and cadmium) and
POPs was approached.
Sulphur dioxide
The compounds rich in sulphur that penetrate in atmosphere
function as substrate reacting with CFC (chlorofluorocarbons) and
other pollutant substances, affecting the ozone atmospheric layer
(Dutch Expert Committee on Occupational Standards, 2003). The
sulphuric acid aerosol produced by the oxidation processes has
different effects on the environment. (i)Reflections of the solar
radiation producing the direct cooling of the Earth and producing
severe damages on the lakes, vegetation and materials, by acid rains.
(ii) The sulphuric acid through precipitations modifies the insoluble
carbonates present in monuments and materials for buildings, in
soluble sulphates which are slowly leaching producing irreversible
alterations. (iii) The sulphuric acid affects the textile fibres
decreasing their resistance.
Nitrogen oxides
The NOx are very toxic, NO2 especially, which produces
asphyxia by destroying the pulmonary alveoli, tree leaves falling,
reducing visibility on the roads as consequence of smog formation,
acid rain formation, etc. The formation of the nitrogen oxides is very
difficult to avoid while conventional combustibles are used (SHINE ET
AL 2005). It is well known that the main substance contributing to
their formation is the nitrogen (available in large quantities within
atmospheric air) and high temperatures recorded during burning
processes stimulate the reactions of nitrogen oxide or dioxide
formation. The nitrogen oxides are stable in atmosphere for a few
days (about 4 – 5 days).
Ammonia
The ammonia (NH3) is a colourless gas, with characteristic
pungent smell, which is perceptible at 20 ppm concentration. It has
paralyzing effect on olfactory receptors, and for this reason the
organoleptic identification is possible only for a short time interval
after contact with this gas (SUTTON ET AL 2009). The atmospheric
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ammonia sources are both natural and artificial. The contribution of
the natural sources of nitrogen pollution is relatively low, about 15 20%. Among artificial sources, agriculture is the most important, and
within this factor the intensive animal production sector has the
biggest share.
Volatile organic compounds
The harmful effects of the organic volatile compounds are
emphasized by the tropospheic ozone concentration (AGOSTINI ET AL
2003). It is very toxic and represents the main pollutant of the
atmosphere of the industrialized countries and towns, because its
precursors result from industrial activities and road traffic. It is
generated by electric discharges, photochemical reactions and free
radicals. It can easily be decomposed and generates free radicals with
strong oxidant capacity. The main primary pollutants determining the
formation of ozone and other oxidants in low atmosphere by some
photochemical processes are: NOx, VOC and CH4. The following
processes can be considered sources generating of ozone precursors
in Romania: (i) The burning of the fossil combustibles (coal, oil
products), in fixed and mobile sources (traffic). (ii). The storage and
distribution of the gasoline. (iii) The use of the organic solvents. (iv)
The composting of domestic and industrial waste.
The heavy metals (mercury, lead and cadmium) and persistent
organic pollutants (POP’s)
These substances are denominated as systemic pollutants,
because they do not have biological function, but after penetration in
organism, even in very low concentrations, determine specific lesions
in some organs and systems (GUSEV ET AL 2006). In Romania, the
main activities generating emissions with heavy metals content were:
road traffic, railway traffic, and incineration of the waste from
hospitals. For reducing the impact on the environment, the
Programme of the United Nations for environment, within the
Conference from Stockholm adopted a programme aiming to the
control and elimination of 12 POPs (pesticides: aldrine, chlordane,
DDT, dieldrine, endrine, heptachlor, mirex, toxaphen; chemical
industrial substances: hexachlorbenzene HCB, polychlorinated
biphenyl PCB; by-products: dioxin, furans).
2. Overview on the legal framework
The Frame Directive 96/62/EC of The European Community
Commission together with Daughter Directives (Directive 1999/30
concerning the limit values for NO2, SO2, PM10, Pb in environmental
air; Directive 2000/69 concerning the limit values for benzene and

82

CO in environmental air; Directive 2002/3 concerning the
concentration of O3 in environmental air; Directive 2004/107 for Cd,
Hg, As, Ni, PAH) represent the European legislative frame destined
to estimate and manage the air quality. The Monitoring Report of the
European Commission from May 2006 mentions the entire
transposing of the European legislation in the field of the air quality
into Romanian legislation (H.G. no. 568/2001; 142/2003; 343, 543,
586, 731, 738, 689, 1209/2004; 55/2005; Laws no.73/2000,
271/2003, 261, 333/2004; Order no. 243/2000, and 86/2003; Order
MIR no. 337/2001, Orders MAPM no. 592, 745/2002, 781/2004;
Order MMGA no. 35 /2007).
3. Results and Discussions
In order to emphasize the picture of the main air pollutants in
Romania, for a five years interval (2003 – 2007), we used the public
data (processed using the CORINAIR, CORINVENT software)
published by the eight regional agencies (Bacau, Galati, Pitesti,
Craiova, Timisoara, Cluj-Napoca, Sibiu, Bucuresti). These regional
agencies assess the air quality using both annual inventory of the
pollutants emissions in atmosphere and measurements within the
monitoring network.
After collecting, we statistically processed the data (winSTAT
v.6.0). The SNAP (Selected Nomenclature for Sources of Air
Pollution) codes are mentioned.
The annual emissions of sulphur dioxide (SO2)
The burning of the fossil combustibles together with air
pollutants emitted by several industrial branches as metallurgic
industry, non ferrous especially, coal-carbonization plants (SNAP
03), and feeding industry (SNAP 08) pollute the atmosphere with
sulphur oxides. The highest emissions were recorded in the beginning
of the interval (fig. 3). In 2007, the sulphur dioxide emissions
decreased by 26.31% compared to previous year, and by 22.29%
compared with the average of the other years.

83

Figure no. 3
The annual emissions of sulphur dioxide
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The annual emissions of the nitrogen oxides, (NOx)
Nitrogen monoxide and dioxide are mainly produced by the
energetic and transformation industries, road traffic and processing
industry (fig. 4). The main nitrogen sources are: (i) Burnings in
energetic and transformation industry – SNAP 01, (ii) Burnings in
processing industry – SNAP 03. (iii) Traffic – SNAP 07. (iv) Other
mobile sources and equipment – SNAP 08. Considerable decrease of
NOx emissions were recorded in last analyzed year, 2007 by 37.36%
and 41.68% compared with the average emissions by entire interval
(fig. 4).
The atmospheric ammonia sources are both natural and
artificial. The contribution of the natural sources of nitrogen pollution
is relatively low, about 15 - 20%. Among artificial sources,
agriculture is the most important, and within this factor the intensive
animal production sector has the biggest share. The main ammonia
sources are the following: (i) Waste treatment and storage – SNAP
09. (ii) Agriculture – SNAP 10. (iii) Burnings performed within the
processing industry – SNAP 03. The same evolution as previous
pollutants was recorded in ammonia (fig. 5), but with small decrease
in last analyzed year (3.25%) and only by 1.73% compared to the
average by previous years. The biggest emissions were recorded in
2004, meaning 838,885 t/year.
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Figure no. 4
The annual emissions of nitrogen oxides (t/year)
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Figure no. 5
The annual emissions of ammonia (t/year)
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Relatively strong correlation coefficients (0.70), but
statistically not significant were obtained between annual SO2
emissions (t/year) and annual NH3 emissions (t/year). Moderate
correlation coefficients were recorded between annual SO2 emissions
and NOx emissions, while the very low value between NOx
emissions and NH3 emissions shows the lack of correlation (table no.
1).
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Table no. 1
The correlations between SO2, NOx and NH3 emissions
Parameter
Mean
Standard
Coefficient of
deviation
correlation
Annual SO2 emissions
741961.30
125932.10
(t/year)
0.491166ns
Annual NOx
310013.80
103402.20
0.400771
emissions (t/year)
e
Annual SO2 emissions
741961.30
125932.10
0.700256 ns
(t/year)
Annual NH3 emissions
77487.00
6277.70
0.187887
(t/year)
e
Annual NOx
310013.80
103402.20
emissions (t/year)
0.104117 ns
6277.70
Annual NH3 emissions
77487.00
0.181321
(t/year)
e
The emissions of non metallic volatile organic compounds
(nVOC): The maximum emissions of the VOC were recorded in
2004, too (814,165 t/year), and the smallest in 2006 (308,815 t/year).
In 2007, the emissions increased by 2.06% compared with previous
year and decreased by 41.16% compared to the average calculated by
entire analyzed time interval (Fig. 6).
Figure no. 6
Annual VOC emissions (t/year)

Amount (t)

2003

1000000

2004

2005

2006

2007

814165
600370

800000
419567

600000
308815

315196

400000
200000
0
2003

2004

2005

2006

2007

Year

86

Very weak correlation was recorded between VOC annual
emissions and SO2, NOx, and NH3, annual emissions, and
statistically not significant (Table no.2).
Table no. 2
The correlations between VOC, SO2, NOx and NH3 emissions
Parameter
Mean
Standard
Coefficient of
deviation
correlation
Annual VOC
491622.60 215404.60
emissions (t/year)
0.092951ns
Annual SO2
741961.30 103402.20
emissions (t/year)
e0.617917
Annual NOx
310013.80 103402.20
0.079316ns
0.899117
emissions (t/year)
e
6277.70
0.035084 ns
Annual NH3
77487.00
0.955339
emissions (t/year)
e
The heavy metals pollution (mercury, lead and cadmium)
and persistent organic pollutants (POP’s): The heavy metals
annual emissions are graphically represented. Mercury results from:
(i) Burnings in processing industry, SNAP 03. (ii) Processes in cast
iron and steel industry, SNAP 04. (iii) Waste treatment and storage,
SNAP 09. (iv) Other mobile sources and equipment, SNAP 08.
Cadmium is delivered in atmosphere through: (i) Burnings in
processing industry, SNAP 03 and (ii) Processes in cast iron and steel
industry, SNAP 04. Lead resulted from: (i) Burnings in processing
industry, SNAP 03. (ii) Processes in cast iron and steel industry,
SNAP 04. (iii) Traffic, SNAP 07. The mercury emissions increased
in last analyzed year by 9.09%, but decreased by 36.96% compared
with the average by entire analyzed period. The lead and cadmium
emissions decreased in last analyzed year with 13.46% and 8.61%,
respectively, and compared with average by entire period with
28.51% for lead and a share of 12.01% for cadmium (fig. 7). The
biggest POPs emissions were recorded in 2006 and were in quantity
of 3,104 thousands of tonnes/year. In 2007 decreased by 17.98% and
compared to the average by entire period, the value recorded in 2007
was 55.17% bigger (Fig. 8).
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Annual POP (heavy metals Pb, Cd, Hg) emissions
(thousands t/year)

Figure no. 7
Annual POP (heavy metals - Pb, Cd, Hg) emissions
(thousands t/year)
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Figure no. 8
Annual POP emissions (thousands t/year)
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Strong correlation coefficients (table 3), statistically very
significant, were obtained between annual mercury emissions and
annual lead emissions (0.79), and between cadmium and lead annual
emissions (0.83). Relatively moderate correlation was recorded
between mercury and cadmium annual emissions (0.52).
Table no. 3
The correlations between Hg, Cd and Pb emissions
Parameter
Mean
Standard Coefficient of
deviation
correlation
Annual mercury emissions
1885.00
1939.15
(thousands t/year)
0.528636***
Annual cadmium emissions
1177.80
336.56
(thousands t/year)
e0,020144
Annual mercury emissions
1885.00
1939.15
(thousands t/year)
0.79962 ns
Annual lead emissions
69929.00 5177.80
0,169745
(thousands t/year)
e
Annual cadmium emissions
1177.80
336.56
(thousands t/year)
0.836455***
Annual lead emissions
69929.00 5177.80
0,031224
(thousands t/year)
e
Discussions: Majority of pollutants emissions decreased in
the end of the analyzed interval, except mercury, and VOC emissions.
Even in small percent (9.09% and 2.06%, respectively) the share of
these emissions increased. The mitigation of all air pollutants
recorded at national level is not in majority determined by the
measures taken in order to align to the EC exigencies, but also by the
reducing of the activities within some industrial branches.
The strong correlation coefficients obtained between annual
SO2 and annual NH3 emissions (t/year) emphasize the strong
interrelations between these two air pollutants, while the low values
obtained between annual SO2 and NOx emissions, NOx and NH3
emissions show the lack of relation between these pollutants. The
same evolution was encountered between VOC annual emissions and
SO2, NOx, and NH3 annual emissions, statistically not significant
meaning the lack of a relationship among these pollutants.
Concerning the heavy metals emissions, the strong or
moderate correlation coefficients, statistically very significant, were
obtained in all cases between mercury, cadmium and lead, meaning
the strong relationship between these components.
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The magnitude of the Beta coefficients allows us to compare
the relative contribution of the NOx, NH3, and VOC emissions each
in the prediction of the SO2 emissions representing the dependent
variable. The NOx and NH3 emissions are the most important
predictors of the SO2 emissions. All variables are statistically very
significant, and all regression coefficients are positive, meaning as
much SO2 emissions increase, the other emissions increase too.
The value of the R square, 0.91 means that 91% of the
original variability can be explained (Table no. 4).

Issue

Table no.4
Relations between SO2 and other emissions
Std.
Beta
B
t
p-level
Err.
144975.40 -5.12***
0.000329

Intercept
NOx
0.10
0.5954 0.087
emissions
NH3
0.750
0.087
1.70
emissions
VOC
0.325
0.086
0.10
emissions
Dependent variable: SO2 emissions
R2 = 0.91739151
F = 40.71941

6.81***

0.000029

8.61***

0.000003

3.74***

0.003234

When the mercury emissions were considered the dependent
variable and cadmium and lead the independent ones, the Beta
coefficients allow us too, to compare the relative contribution of the
cadmium and lead emissions in the prediction of the dependent
variable, meaning the mercury emissions. Both cadmium and lead
emissions are statistically very significant. The regression coefficient
is positive for cadmium emissions, meaning as much mercury
emissions increase, the cadmium emissions increase too. Negative
values were obtained for the regression coefficient in lead emissions,
resulting that the greater mercury emissions, the smaller lead
emissions will be obtained.
The value of the R square, 0.973 means that a low proportion
of about 3% of the original variability cannot be explained (table
no.5).
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Table no. 5
Relations between heavy metal emissions
Beta
Std.Err.
B
t
p-level
***
10997.88
4.75547
0.0004
Intercept
Cadmium 1.6379
0.1144
9.44
14.31468*** 0.0001
Lead
-0.7723
0.1144
-0.29
-6.75004***
0.0002
Dependent variable: Mercury
R 2= 0.97339683
F = 219.5370
R square, 0.91 means that 91% of the original variability
The results of the multiregression analyze applied to air
pollutants emission, shows that only 9% of the original variability
cannot be explained when dependent variable was considered the SO2
emission, and 3% when mercury was the dependent variable. This
emphasize the accuracy of this prediction model for explaining these
air pollutants evolution.
Major issues that should be addressed in future research
include the ability to simulate regional air pollution meteorology and
its sensitivity to climate change, the response of natural emissions to
climate change.
Research needs to be undertaken on the effect of climate
change on mercury, particularly in view of the potential for a large
increase in mercury soil emissions driven by increased respiration in
boreal ecosystems.
Bibliography:
1. AGOSTINI E., CIUCCI I., MAZZINI M., STRINATI S.,
2003, Studio dell’inquinamento atmosferico da COV sul
territorio di Livorno, con applicazione dei codici ISC3 e
CALINE4, RL 1016 (03).
2. DUTCH EXPERT COMMITTEE ON OCCUPATIONAL
STANDARDS, a committee of the Health Council of the
Netherlands, Sulphur dioxide, 2003, in Health Council of the
Netherlands publication no. 2003/08OSH.
3. GUSEV A., ILYIN I., MANTSEVA L., ROZOVSKAYA
O., SHATALOV V., TRAVNIKOV O., 2006, Progress in
further development of MSCE-HM and MSCE-POP models
(implementation of the model review recommendations)

91

EMEP/MSC-E
Technical
Report
4/2006,
http://www.msceast.org /abstract /406.html
4. SHINE K. P., BERNTSEN T. K., FUGLESTVEDT J. S.,
and SAUSEN R., 2005, Scientific issues in the design of
metrics for inclusion of oxides of nitrogen in global climate
agreements, in Proceedings of the National Academy of
Sciences of the United States of America, vol. 102, no.44.
5. SUTTON M., REIS S., BAKER S. (Eds.), 2009,
Atmospheric Ammonia, Springer Netherlands.
6. ***, Council Directive 1999/30/EC of 22 April 1999 relating
to limit values for sulphur dioxide, nitrogen dioxide and
oxides of nitrogen, particulate matter and lead in ambient air,
published in Off. Journal of the European Communities L
163/41, 29.6.1999, p. 41-60.
7. ***, Council Directive 2000/69/EC of 16 November 2000
relating to limit values for benzene and carbon monoxide in
ambient air, published in Off. Journal of the European
Communities L 313/12, 13.12.2000, p. 12-21.
8. ***, Council Directive 2002/3/EC of 12 February 2002
relating to ozone in ambient air, published in Off. Journal of
the European Communities L 67/14, 9.03.2002, p. 14-30.
9. ***, Council Directive 2004/107/EC of 15 December 2004
relating to arsenic, cadmium, mercury, nickel and polycyclic
aromatic hydrocarbons in ambient air, published in Off.
Journal of the European Communities L 23/3, 26.01.2005, p.
3-16.
10. ***, Council Directive 96/62/EC of 27 September 1996 on
ambient air quality assessment and management, published in
Off. Journal of the European Communities
L 296,
21.11.1996, p. 55-63.
11. ***, H.G. no. 586/2004 concerning founding and organizing
the national system of integrating evaluation and managing of
air quality, published in Romania's Official Monitor, Part I
no. 389, 03.05.2004. [in Romanian]
12. ***, H.G. no. 543/2004 concerning elaboration and
implementing of plans and programmes of air quality
management, published in Romania's Official Monitor, no.
393, 04. 05.2004. [in Romanian]
13. ***, H.G. no. 738/2004 for approuving the National plan of
action in the field of atmosphere protection, published in
Romania's Official Monitor, no.476,27.05.2004.
[in
Romanian]

92

14. ***, H.G. no. 731/2004 for approuving the National strategy
of atmosphere protection, published in Romania's Official
Monitor, Part I no.496, 02.06.2004. [in Romanian]
15. ***, H.G. no. 568/2001 concerning the settlement of the
technical reqiurements concerning the limitations of the
emissions of the volatile organiuc compunds resulted from the
storage, charging, discharging and distribution of gasoline in
terminals and gaoline installations, published in Romania's
Official Monitor, no. 348, 29. 06.2001. [in Romanian]
16. ***, H.G. no. 343/2004 concerning delivery of information
concerning the fuel consumption and CO2 emissions from new
cars, detined to byuier at commercialization, published in
Romania's Official Monitor, no. 293, 05. 04.2004. [in
Romanian]
17. ***, H.G. no. 689/2004 concerning establishing conditions of
introducing gasioline and oil on the market, published in
Romania's Official Monitor, no. 442, 18. 05.2004. [in
Romanian]
18. ***, H.G. no. 55/2005 concerning the approuving of the
Strategy of restructruration of the sideurgical industry in
Romania and individual plans of viability of the siderurgical
companies, reactualized during 2003 – 2008, published in
Romania's Official Monitor, no.127, 09. 02.2005.
[in
Romanian]
19. ***, H.G. no.142/2003 concerning the limitation of the
sulphure content from liquid fuels, published in Romania's
Official Monitor, no.112, 21.02.2003 [in Romanian]
20. ***, H.G. no.1209/2004 concerning the establishment of the
procedure for type aprouval of the devices destined to be
attached to moile machines not destined for traffic and
secondary devices destined to vehicles to be used for human
or stuff transport and establishing measures for limitaion of
the gase and pollutant particles resulted from these, with the
aim of atmosphere protection, published in Romania's Official
Monitor, no. 809, 02.09.2004. [in Romanian]
21. ***, Law no. 333/2004 concerning the approuving the OUG
no. 86/2003 for mndifing and ateration of the Law no.
73/2000 concening the Foud for the environment, published
in Romania's Official Monitor, no. 674, 27.07.2004. [in
Romanian]
22. ***, Law no. 271/2003 for ratification of the protocoles of the
Convention concerning the transfrontaliere atmosphere

93

pollution by long distances, signed at Geneve at 13 November
1979, adopted at Aarhus in 24 June 1998 and at Gothenburg
at 1 December 1999, published in Romania's Official
Monitor, no. 470, 01.07.2003. [in Romanian]
23. ***, Law no. 261/2004 concerning the ratification of the
Convention of the persistent organinc comnpounds, adopted
at Stockholm la 22 mai 2001, published in Romania's Official
Monitor, no. 638, 15.07.2004. [in Romanian]
24. ***, Order MIR 337/2001 for aprouving the Norms
concerning the technical inspections of the installations,
equipments, and dispositives used with the aim of limiting the
emissions of the volatile organic compounds resulted from the
storage, charging, discharging, and distribution of gasoline
from the terminals ang gasoline stations, published in
Romania's Official Monitor, no.10, 10.01.2001.
[in
Romanian]
25. ***, Order MAPM no. 745/2002 concerning the
establishments and classifing of agglomerations for
estimationof the air quality in Romainia, published in
Romania's Official Monitor, no. 739, 09. 10.2002. [in
Romanian]
26. ***, Order MAPM no. 592/2002 for approuving the
Normative concerning the establihingthe limit values of the
criteria and methods concerning the evaluation of sulphure
dioxide, nitrogen oxides, suspended matter (PM10 and PM2,5),
lead, benzene, carbon monoxide and ozone in ambiental air,
published in Romania's Official Monitor, no.765, 21.10.2002.
[in Romanian]
27. ***, Order MAPM no. 781/2004 concerning the approuval of
the Methodological Normes Concerning the Measurements of
the Emissions of Volatile Organic Compounds Resulted from
Storage and Charging/Discharging of the Terminal Basis,
published in Romania's Official Monitor, no. 414,10.05.2004.
[in Romanian]
28. ***, Order MMGA no. 35/2007 concerning the aprouval of
the Methodology of the elaboration and putting into practice
of the plans and programmes of air quality management ,
published in Romania's Official Monitor, no. 56, 24.01.2007.
[in Romanian]
29. ***, OUG no. 86/2003 for mdifying and fulfilling the Law no.
73/2000 cncerning the Found for environment, published in

94

Romania's Official Monitor, no. 694, 03.10.2003.
[in
Romanian]
30. ***, OUG no. 243/2000 concerning the atmosphere
protection, modified and aprouve by the Law no. 655/2001,
published in Romania's Official Monitor, no.633, 03.12.2000.
[in Romanian]
31. ***, 2003, Report concerning environmental state in
Romania, available at www.anpm.ro [in Romanian]
32. ***, 2004, Report concerning environmental state in
Romania, available at www.anpm.ro [in Romanian]
33. ***, 2005, Report concerning environmental state in
Romania, available at www.anpm.ro [in Romanian]
34. ***, 2006, Report concering environmental state in Romania,
available at www.anpm.ro [in Romanian]
35. ***, 2007, Report concering environmental state in Romania,
available at www.anpm.ro [in Romanian]
36. ***, 2007, The National Strategy of Romania Concerning the
Climatic Changes, available at www.anpm.ro [in Romanian]
Corresponding author: Ioan OROIAN: University of Agricultural
Sciences and Veterinary Medicine Cluj-Napoca, Faculty of
Agriculture, Calea Mănăştur, no. 3-5, Cluj-Napoca, Romania, e-mail:
neluoroian@gmail.com

95

96

THE ANINOASA (GORJ COUNTY) FOSSILIFEROUS
SITES
1
1
Tudor C. R. PĂTRUłOIU , Ion PĂTRUłOIU
1

SC Explo 06 SRL, Craiova, Romania

Abstract. Among the paleontological reserves from Oltenia,
the most spectacular are the ones from Pliocene formations. In the
area of township Aninoasa there are two fossiliferous points and one
of these is declared protected area. They are: Groşerea point, declared
paleontological reserve and Aninoasa point, new point, discovered in
a sand and gravel mine. The Aninoasa fossil sites provide
information on lacustrine aquatic environment and its extension in
Romania. Fauna study from the new point has led to the identification
of molluscs fossils and also of a remnant of deer antler, which shows
that the area was situated near the lake shore. Occurrences are
important because they show that the Romanian living environment
had many features similar to those of the current lacustrine
environment. Aninoasa point was discovered by us and is mentioned
here for the first time.
Key words: fauna, lamellibranchiate, Romania, taxonomic
analysis.

1. Introduction
Among the paleontological reserves from Oltenia, the most
spectacular are the ones from Pliocene formations, because of the size
and especially because of the abundance of species and individuals.
These reserves are developed in weakly consistent rocks which, in
relatively short time, change their morphology due to natural factors,
but in most cases due to human activity. The human interventions can
contribute to the disappearance of the paleontological sites, but there
were many cases when, because of the mineral resources exploitation,
there were identified new sites which subsequently have become
protected places.
2. Aninoasa fossiliferous place
In the area of Aninoasa there are two fossiliferous points: one
that is declared protected area and it is located in Groşerea village

97

and the other one that is located in Aninoasa village and it is not
declared protected area.
The access to the Groşerea site is made by the road DJ 662
Aninoasa-Capu Dealului and then to the right on the road leading to
Costestşti village.
After about 1.5 km from the intersection one reaches the village
church, the point being located behind this one in an opening of about
30 m in height.
Figure no. 1
Location of Groşerea and Aninoasa fossiliferous places

3. The relief of the area is dominated by the hills between
the Gilort River and its right affluent, the Groşerea Brook, from
which a main saddle, Grăjdana Hill, oriented northwest-southeast,
descents gently to the confluence of these flows. Streaks depart from
the main saddle, formed by the torrential valleys and torrents that
gravitate towards Aninoasa, respectively towards the county road
from the Gilort Valley, like Văcăroia Hill or Poncea Hill and others
towards the Groşerea Brook, like Cornului Hill or Ruşchiului Hill.
4. The paleontological content
From the two fossiliferous points, we have collected 15
species from which 8 were bivalves, 6 gastropods and 1 mammal.
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Figure no. 2
Groşerea fossiliferous place

In Groşerea, the fossiliferous bed with lamellibranchiate has
about 3 m, with rare shells of unionidae that are spread in an uniform
mass of fine yellow sands. At the bottom, the sand bed has a compact
bed of about 0.2 m with fossiliferous remains of lamellibranchiate
and gastropods.
Figure no. 3
Groşerea fossiliferous place – fossiliferous bed

The Aninoasa point is near the road DJ 662 in front of the
Aninoasa church, in an opening formed recently from a local
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exploitation of sand and gravel. The opening has about 15 m and it is
rich in fossil forms as for the number of species, but also for the
number of individuals.
From this outcrop, we have collected a fossil fragment of
cf.Metacervoceros pardinensis (Cervidae).
Figure no. 4
Aninoasa fossiliferous place

Figure no. 5
Aninoasa fossiliferous place – fossiliferous bed

The fossiliferous bed in Aninoasa is formed by grit reddish
sand, with frequent elements of gravel and intercalations of weakly
consolidated sandstones.
The deposits that form the positive relief over the Gilort
Valley are of Romanian stage, made largely from yellow, white or
gray sands, with thin beds or laminas of fine gravels, with molluscs
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fossiliferous beds that alternate especially in the lower side with clays
or sandy clays with rusty stripes.
From the two fossiliferous points we have collected the
following:
Molluscs:
Pristinunio transcarpaticus TEISSEYRE
Pristinunio pristinus (BIELZ)
Pristinunio davilai (PORUMBARU)
Rytia slavonica (M.HOERNES)
Rytia bielzi (CZEKELIUS)
Rytia brandzae (SABBA)
Valvata (Valvata) sulekiana BRUSINA
Viviparus turgidus pilari (BRUSINA)
Viviparus bifarcinatus stricturatus (NEUMAYR)
Rugunio pilari (BRUSINA)
Viviparus dezmanianus (BRUSINA)
Viviparus mammatus (SABBA)
Bulimus (Bulimus) vukotinovici (BRUSINA)
Rugunio lenticularis (SABBA)
Mammals:
cf.Metacervocerus pardinensis (CROIZET et
JOBERT)
Figure no. 6
Profile through the Aninoasa outcrop
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5. The taxonomic analysis
Unionidele, live in freshwaters of rivers and lakes, crawl on the
bottom waters and are adapted to relatively rapid movement. Most of
the aquatic gastropods lead a benthic lifestyle and are adapted to drag
on the bottom. Viviparus gender includes vegetarian gastropods,
which are attached to stems of aquatic plants and feed on leaves.
For Groşerea-Aninoasa points, the resulting composition as
a percentage of total counted valves reveals the following situation:
Table no. 1
The resulting composition as a percentage of total counted valves

Total Vertical
Fossiliferous
valves valves
place
(%)
(%)
GroşereaAninoasa

100

29,3

Oblique
valves
(%)

20,7

Horizontal valves
Shells With the With the
with both internal
internal
valves
part
part
(%) downwards upwards
(%)
(%)
5,2

10,3

34,5

In the fossiliferous location of Groserea-Aninoasa, there are a
few meters of sands above a lumachel, where the fossil wrappers are
even fewer and generally on a vertical or inclined position and even
more rarely in horizontal positions. This fact is suggesting the
increase of the water level and successive movement of the shore.
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Figure no. 7
The taxonomic analysis of the Groşerea-Aninoasa fauna

6. The scientific importance
The species from Aninoasa fossiliferous sites are replenishing
the Romanian palaeontological inventory.
The characteristics of the fauna encountered indicates a
freshwater environment with forms of bivalves and gastropods. Their
evolution since many centuries has generated the current fauna,
particularly the species of Unio and of Viviparius. Climatic
conditions, similar in many respects to the present day ones, created
the premises for the evolution of the natural environment towards the
current one.
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Plate no. 1

Fig.1 Pristinunio transcarpaticus TEISSERYE x1
Fig.2,9,14 Pristinunio pristinus (BIELZ) x1
Fig.4,17,23 Pristinunio davilai (PORUMBARU) x1
Fig.3 Viviparus bifarcinatus stricturatus (NEUMAYR) x1
Fig.5,7,8,11 Rytia slavonica (M. HOERNES) x1
Fig.6,13 Rytia bielzi (CZEKELIUS) x1
Fig.15 Rytia brandzae (SABBA) x1
Fig.10 Valvata (Valvata) sulekiana BRUSINA x1
Fig.12 Viviparus turgidus pilari (BRUSINA) x1
Fig.15 Rugunio pilari (BRUSINA) x1
Fig.16 Viviparus dezmanianus (BRUSINA) x1
Fig.18,22 Viviparus mammatus (SABBA) x1
Fig.19 Bulimus (Bulimus) vukotinovici (BRUSINA) x1
Fig.20, 21 Rugunio lenticularis (SABBA) x1
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Plate no. 2

1-4 cf. Metacervoceros pardinensis (Mammals, Cervidae) x 1.5
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COUNTY (ROMANIA) PROPOSED AS PROTECTED
AREAS
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Abstract. Dolj County has a large paleontological inventory
in the Pliocene formations. There is a series of representative
fossiliferous deposits. Among those, the fossiliferous sites from
Podari and Bâlta are distinguished by the richness in genera and
individuals. The Podari fossiliferous site is a continuation to the East
of the BucovăŃ one, both being located in the same sand pack from
Cârligei Hill. The harvesting of numerous molluscs but also micromammals from this fossiliferous site makes its paleontological
importance to grow. In Bâlta, the development of a large number of
genera and species, with individuals belonging to every stage of
ontogenetic evolution, indicates normal conditions of fauna evolution
at the border of a lake basin with waves. Both sites provide rich
information on the living environment from the upper Pliocene. The
complexity of fauna, both in number of species and numbers of
individuals recommends these sites to become protected areas of
palaeontological interest.
Key words: protected area, Romanian, fossiliferous site,
bivalves, gastropods, life site.

1. Introduction
Dolj County has a large paleontological inventory, especially
in the Pliocene formations. A series of classic or new openings
unveiled with different occasions offer important “fossiliferous
deposits”, real open-air paleontological museums. Spectacular
openings like the ones in Podari or Bâlta came into notice of the
researchers who carefully analyzed them and published complete
fauna inventories especially of molluscs, but micro-mammals too.
The richness in genera and individuals from these outcrops, their
stratigraphic succession of Pliocene, determined us to consider that
these sites should become protected areas of national interest.
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Figure no. 1
The location of Podari fossiliferous site

2. Podari fossiliferous site
The Podari locality is located in the central Dolj County, on
both sides of the road DN 56 Craiova-Calafat and of the railroad
Craiova-Calafat, at 5 km from the city of Craiova and 19 km from
Segarcea. The section of Podari is about 7 km downstream of the
bridge over Jiu, on the right side of the river, on Solomon Hill on the
slope facing HoŃului Valley. The access is easy, on the road E76
Craiova-Calafat, right after the bridge over Jiu, on a road to the right
that continues with HoŃului Road. The Podari fossiliferous place
appears 30 meters before forestry road and on its right side. Podari
locality is located in the terminal southeastern area of BălăciŃa
Piedmont, in the closeness of Jiu meadow.

110

Figure no. 2
The geological map of Craiova-Podari area

Source: after Institutul Geologic -1968
3. The research history and the geology of area. The
paleontological content
The first mention of Podari fossiliferous site was made by
Bandrabur, in 1971, who mentioned the presence of molluscs in this
outcrop. In 1979, Feru mentioned the presence of micro-mammals in
the same point.
Pană, Enache and Andreescu made the first description of the
molluscs of Podari (bivalves and gastropods) in 1981. This is the
most complete study referring to the paleontological inventory of the
molluscs of Podari fossiliferous site, published in the volume “Fauna
de moluşte din depozitele de cărbuni din Oltenia” (“The Molluscs
Fauna of the Coal Deposits in Oltenia”).
Between the years 1993-1997, with intermittence, the
specialists from the Speology Institute “Emil RacoviŃă” Bucureşti and
Oltenia Museum (Craiova), coordinated by C. Rădulescu and P.
Samson made a series of researches in the Podari opening for micromammals, publishing the results in 1999.
The geology of the area: At the bedding of the profile there
are grey-bluish clays, followed by coarse sands, by sand with oblique
lamination and by sands with parallel lamination. The first three
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contain limestone or ferric concretions. In the upper part of the
profile there are thin covers and concretions of ferric oxides,
associated with gypsum crystals and green clays with a band of coal
clay over with the soil cover lays.
The paleontological content: In the Podari fossiliferous point
there was discovered an association of invertebrates and vertebrates,
that is unique due to an important number and stratigraphic value: 75
species from which 36 are bivalves, 19 are gastropods and 20 species
of micro-mammals.
4. The scientific importance
Podari fossiliferous site is a continuation to the east of the
BucovăŃ one, both being located in the same sand pack from Cârligei
Hill.
The scientific importance of the site is enhanced by the
harvesting of numerous micro-mammals from this site and by the
possibility of establishing the environmental conditions, both
from Pliocene lake and adjacent land area. Shore area might have
had pools of water, marshy land alternating with dry land areas.
The Podari fossiliferous site has, like the BucovăŃ one,
national importance concerning the evolution of aquatic and coastal
life form the Upper Pliocene of the Dacian Basin. Thirteen new
species were found here, in this fossiliferous point. Most of the
identified species are identified as biomarkers. This site is also
important because it has a great informational potential that was not
yet been highlighted because the vegetation fossil remains of the
upper pack of clays and coal clays were not studied: fossil plants,
association of pollen and spores but also ostracods, fishes, reptiles
etc.
5. Bâlta fossiliferous site
Bâlta fossiliferous site is located in Bâlta village, belonging to
Filiaşi city. The fossiliferous place is found on the eastern slope of
the Budică torrent, from where there is a valley that flows into
Cornetului Valley found at about 300 m downstream. The locals
know the place as the “shell spring” because there is a spring at the
bedding of the fossiliferous sands.
The access is easy, on the DN 6 road to Filiaşi, and then on
DC 121 that binds the city with Bâlta village. Afterward, one may
pass the village on the Valea Mare Street to Cornetului Valley and
Budică torrent where the “shell spring” is located at the bottom of a
splendid sand wall of over 20 m in height, rich in fossils.
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The research history: I. Ionescu Argetoaia first cited it
without the fossil fauna determination.
Figure no. 3
The location of Bâlta fossiliferous place

6. The relief of the area
The area’s relief is represented by the Gura Motrului Hill that
is cut by Bâlta Valley, 7.5 km long, oriented west-east, that springs
from Gura Motrului Forrest and flows into Jiu in Bâlta. This brook is
bounded by Gura Motrului Hill to the North, with heights that
descend from 280 m to 240 m towards the Jiu River, and to the South
by a line of crests that descend gradually from 280 m to 235 m:
Ursoaia Hill, RacoviŃa Hill and Stroie Hill.
To Bâlta Valley, there are some torrential valleys like
Cornetului Valley with Budilă torrent, where the fossiliferous site is
found. That valley is located between Martalogul Hilland and
Pietrişului Hill, the latter one being affected by old stabilized
landslides.
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Figure no. 4
The geological map of Bâlta area

Source: after Institutul Geologic -1968
7. The geology of the area. The paleontological content
Sandy Romanian deposits dominate the area of Gura Motrului
Hill. The same lithology is found in the Martalogu Hill in the
fossiliferous place area.
The stratigraphic column has the following succession:
 The lower horizon with bluish marls Rytia slavonica,
Cuneopsidea magna, Unio clivosus acutus;
 The middle horizon with fossiliferous sand (bivalves and
gastropods);
 The upper marly horizon.
The marly horizon with sandy marls intercalated between
laminated marls has also beds and pockets of sands with
heterogeneous gravels partly fossiliferous.
The paleontological content: It has 23 species from which 14
are bivalves and 9 gastropods.
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Figure no. 5
Bâlta fosilliferous site – detail

8. The scientific importance
It is a splendid opening over 20 m in height where the
bivalves and the gastropods are littered over the whole height and
does not form lumachelle bands, being the only place in Oltenia
where the fossil remains from the “carved unionidae” bed are in their
dwelling place and not heaped on foreshores.
The development of a great number of kinds and species, with
individuals in all stages of ontogenetic development informs us about
the norms of development of the fauna at the side of a lake settlement
basin, with waves. Most of the shells of lamellibrianchiate are open,
which certifies that the sediment belongs to some wrappers detached
from the living location of those molluscs (table no.1). It is also
found out that most of the wrappers are quasi-vertical, because of the
sediment into a peaceful environment whereas the bivalved ones have
died in their habitat. Within the lumachel, gastropods are of average
size or many are of small size and fragile, so it is difficult to find out
their position in situ.
The fossiliferous point Bâlta completes the occurrences of
Romanian fauna from Oltenia and offers data for establishing the
paleoecological conditions of aquatic environment of terminal
Pliocene.
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Table no. 1
The propagation of the Romanian fossil molluscs in the main
occurences of Dolj County
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Species
Cyclopotomida munieri
Cyclopotomida destremi
Cuneopsidea sculpta
Cuneopsidea iconomianus
Cuneopsidea zitteli
Cuneopsidea magna
Cuneopsidea doljensis
Cuneopsidea porumbarui
Cuneopsidea beyrichi
Rytia slavonica
Rytia vukosovicianus
Rytia bielzi
Rytia brandzae
Rytia pauli
Rugunio lenticularis
Rugunio pilari
Rugunio condai
Rugunio turbureensis
Rugunio mojsavi
Sulcopotomida cymatoides
Sulcopotomida herjei
Sulcopotomida porumbarui
Wenziella clivosa
Wenziella subclivosa
Wenziella ponderosa
Dreissena polymorpha
Unio procumbens
Unio silvane
Unio branimiri
Unio bucovatensis
Psilunio biplicatus
Psilunio ottiliae
Psilunio otilliae sculpta
Psilunio subclivosus ponderosus
Psilunio craiovensis
Psilunio herjei
Pristinunio pristinus
Pristinunio davilai
Pristinunio gilortui
Pristinunio transcarpaticus
Plicatibaphia flabellatiformis
Ebersininaia getica
Ebersininaia stefănescui
Anodonda sp.

BucovăŃ

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

Podari
X
X
X

Bâlta

X

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X
X

X
X

X

X
X
X
X
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X
X
X
X
X
X
X
X

X
X
X

45 Pseudohyriopsis problematica
46 Pisidium amnicum
47 Pisidium slavonicum
48 Pisidium clesini
49 Lithoglyphus acutus acutus
50 Lithoglyphus acutus decipiens
51 Lithoglyphus acutus michaeli
52 Bulimus (Bulimus) vukatinovici
53 Bulimus (Bulimus) spoliatus
54 Bulimus (Bulimus) podarensis
55 Amphimelania fossariformis
56 Theodoxus (Theodoxus) pilidei pilidei
57 Theodoxus (Calvertia) quadrifasciatus
58 Theodoxus (Calvertia) licherdopoli scriptus
59 Theodoxus (Calvertia) capillaceus
60 Melanopsis (Melanopsis) bergeroni
61 Melanopsis (Melanopsis) pterochila pterochila
62 Melanopsis (Melanopsis) sandbergeri rumana
63 Melanopsis (Melanopsis) esperoides
64 Melanopsis (Chanthidomus) souberiani
65 Melanopsis (Chanthidomus) porumbari
66 Melanopsis (Lircaea)slavonica slavonica
67 Melanopsis (Lircaea) narzolina
68 Viviparus dezmanianus
69 Viviparus bifarcinatus contigua
70 Viviparus bifarcinatus bifarcinatus
71 Viviparus bifarcinatus stricturatus
72 Viviparus turgidus turgidus
73 Viviparus turgidus pilari
74 Viviparus rudis rudis
75 Viviparus rudis strossmayerianus
76 Viviparus mammatus
77 Viviparus craiovensis
78 Viviparus alecarinatus
79 Valvata (Valvata) sulehiana
80 Valvata (Valvata) simplex simplex
81 Valvata (Cincina) crusitensis
82 Stenotyrella olteniae
83 Planorbis corneus
Total

X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

X
X
X

X
X
X
X
X
X

X
X
X

X
62

58

23

9. Conclusions
Both
fossiliferous sites complete the inventory of
fossiliferous sites from Romanian Oltenia. They are added to many
other known occurrences (BucovăŃ, Buicesti, Groserea, Aninoasa
Săuleşti, Deşului Valley, Garbova, Scoruşu, Plopşoru), and they
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establish, within the Romanian sequence, the western edge of the
Pliocene lake, in retreat to the East and South.
Plate no. 1
Podari fossiliferous site

1,5 Cyclopotomida destremi (PORUMBARU)x1
2 Rytia bielzi (CZEKELI) x1
3,6 Wenziella subclivosa (TEISSEYRE)x1
4,7 Rugunio lenticularis (SABBA) x1
8 Rugunio turbureensis (FONTANNES) x1
9-11 Viviparus dezmanianus (BRUSINA) x1
12 Viviparus bifarcinatus (BIELZ) x1
13-15 Melanopsis bergeroni (SABBA)x1
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16,17 Viviparus rudis strossmayerianus (BRUSINA) x1
18 Viviparus mammatus (SABBA) x1
19 Pristinunio pristinus (BIELZ)x1
Plate no. 2
Podari fossiliferous site

1, 2, 4 Viviparus dezmanianus (BRUSINA) x1
3 Viviparus stricturatus (NEUMAYR) x1
5 Cuneopsidea magna ANDREESCU x1
6 Sulcopotomida cymatoides (BRUSINA) x1
7 - 9 Pristinunio davilai (PORUMBARU) x1
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Plate no. 3
Podari fossiliferous site

1 Cuneopsidea magna ANDREESCU x1
2. Sulcopotomida cymatoides (BRUSINA) x1
3 Prisitnunio gilortui LUBENESCU x1
4 Rugunio condai (PORUMBARU) x1
5, 6 Pristinunio pristinus (BIELZ) x1
7 Viviparus rudis rudis (NEUMAYR) x1
8 Viviparus rudis strossmayerianus (BRUSINA) x1
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Plate no. 4
Podari fossiliferous site

1 – 5, 8 – 10 Viviparus turgidus bifarcinatus (BIELZ) x1
6, 7 Viviparus mammatus (SABBA) x1
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Plate no. 5
Bâlta fossiliferous site

1 - 3, 11 Rytia bielzi (CZEKELIUS) x1
4, 6 - 10, 12 - 14 Rugunio pilari (BRUSINA) x1
5 Rugunio turbureensis (FONTANNES) x1
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Plate no. 6
Bâlta fossiliferous site

1, 15 - 17 Viviparus bifarcinatus bifarcinatus (BIELZ) x1
3, 5 - 11 Viviparus rudis rudis (NEUMAYR) x1
2, 12 - 14 Viviparus rudis strossmayerianus (BRUSINA) x1
4. Rytia slavonica x 1 – youthful stage
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Plate no. 7
Bâlta fossiliferous site

1, 2 Dreissena polymorpha (PALLAS) x1
3, 5 - 7, 9, 11, 13 Bulimus, (Bulimus) spoliatus (SABBA) x1
4, 20 Bulimus (Tylopoma) melanthopsis (BRUSINAA) x1
10, 12, 15 Bulimus (Bulimus) podarensis PANĂ x1
8, 14, 18, 19 Lithoglyphus acutus michaëli COBĂLCESCU x1
16, 17 Cepaea vindobonensis (PFEIFFER) x1
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Plate no. 8
Bâlta fossiliferous site

1, 2, 4 Pristinunio davilai (PORUMBARU) x1
3, 5, 6 Pristinunio pristinus (BIELZ) x1
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Abstract: The paper presents the results of a study that had
the objective to evaluate the water related beliefs of the customers of
a water company in order to use them for assessing their concern for
the environment protection. The information collected was about two
aspects: the importance of having clean waters through wastewater
treatment for customers’ health and for the environment and the
evaluation of the effects of untreated wastewaters on customers’
health and on the environment. The results show a high degree of
awareness on the importance of water treatment both for human
health and quality of life and for environment protection and
pollution prevention and a perception of high negative effects in the
case of untreated wastewaters. This is a strong premise for achieving
and consolidating an environment oriented attitude of the studied
population.
Key words: consumer, attitude, beliefs, wastewater, water,
environment.

1. Introduction
The attitude is very often used to predict behavior. One of the
most well-known theories that try to determine future behavior based
on attitude study is The Theory of Planned Behavior (proposed by
Icek Ajzen in 1985). The Theory of Planned Behavior (TPB) was
created based on the Theory of Reasoned Action (TRA). In 1975,
Icek Ajzen and Martin Fishbein formulated the TRA, which, at its
turn, resulted from attitude research in various theories of attitude
such as learning theories, expectancy–value theories, consistency
theories, and attribution theory. Ajzen and Fishbein formulated the
TRA after trying to estimate the discrepancy between attitude and
behavior. This TRA was related to voluntary behavior. Later on,
behavior appeared not to be 100% voluntary and under control and
the researchers added another element to the equation: perceived
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behavioral control, and they called the resulting theory The Theory of
Planned Behavior. The TPB is a theory which predicts deliberate
behavior, because behavior can be deliberative and planned. Thus, BI
= f (A, SN, PBC),
where:
BI – the intention to perform a certain behavior
A – the attitude
SN – the subjective norm
PBC – the perceived behavioral control
TPB specifies the best predictor of behavior is the intention to
perform a certain behavior. This intention is determined by three
things: people’s attitude toward the specific behavior, their subjective
norms and their perceived behavioral control.
The attitude is the core element of the theory. The attitude is a
feeling, a (learned) predisposition, a way of consistently evaluating
objects, persons, symbols etc, in a favorable or unfavorable manner.
It is the central connection between perception and behavior.
Fishbein considered that attitude towards an object/ brand/ behavior
etc (Ao) is a combination between the strength of a belief about the
object’s possession of an attribute (bi) and the evaluation of that
attribute as being good or bad (ei):
n
Ao = Σ bi x ei, i=1, ...., n; and n is the limited number of attributes
which the person will consider.
i=1
The subjective norms are their beliefs about how people they
care about will view the behavior in question. It is calculated as a
sum of the products between the strength of each normative belief
and the motivation to comply with the referent.
The perceived behavioral control represents the perceptions of
their own ability to perform a given behavior. It is calculated as a
sum of the products between the strength of each control belief and
the perceived power of the control factor.
Generally, the more favorable the attitude and the subjective
norm, and the greater the perceived control, the stronger should be
the person’s intention to perform the behavior in question.
Water is one of the most serious world problems and is in the
route for the first place because it is becoming scarcer and because its
contamination is increasing. The main negative consequences of
water pollution concern: population’s health, health of ecosystems –
with all the economical, social and ecological consequences such as
decrease and contamination of fish populations, decrease of aquifers
levels, intrusion of salt waters into the fresh waters etc (Azqueta, p. 9-
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10). The knowledge of the entire chain of consequences that a
product or service has, both in terms of area of manifestation and in
terms of timeframe, is essential for creating the appropriate solutions.
In this respect, Bascoul and Moutot propose an approach of the
environmental impact that takes into account three timeframes –
before, during and after consumption – and two fields of
manifestation – environmental and social (Bascoul, Moutot, 2009, p.
23-24). Analyzed together, they describe the extended value, which
comprises all the social and environmental externalities connected to
the production, the consumption and the final stage of the product life
cycle (Bascoul, Moutot, 2009, p. 16). Freshwater and wastewater are
related to almost any production and consumption activity. The
consumer has a direct impact on some activities in the productionconsumption-disposal chain of activities and an indirect impact on
others through his influence – the consumer can sanction companies
which damage the environment, can choose the products based on
environmental criteria etc. Within this context, the studies about
beliefs, attitudes etc related to fresh water use, wastewater impact and
others are helpful in the path of creating a more sustainable water
behavior of the population.
Starting from the idea that beliefs can be used in the behavior
prediction, we decided to determine those related to the importance of
wastewater treatment and to the effects of untreated wastewaters on
people’s health and environment balance.
Throughout this paper we will use the noun environment as
synonym of nature.
2. Research background
The objective of the research described here was to evaluate
the water related beliefs of the customers of the water company. The
results presented in this paper belong to a broader study on the
attitudes of the customers of a regional water company (SC
Compania de Apa Somes SA – CASSA) related to the services of the
company, the relationship with its customers, the customers’
environment oriented attitude etc, as a part of the ISPA measure
ISPA 2000/RO/16/P/PE/008 Rehabilitation and Modernization of the
Water and Sewerage Infrastructure for the Area of Cluj.
A simple random survey was implemented. A home interview
managed by a trained operator was used to collect the data, which
were recorded on printed questionnaires. The margin of error of the
survey was 5% and confidence level was 95%. The total number of
valid questionnaires completed was 384. CASSA delivered a
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database with all its domestic customers: houses and block
associations. The subjects were randomly selected from this list. The
interview was directed to an adult person (over 18 years).
From the survey perspective, the universe population is
composed of the adult domestic customers of CASSA in Cluj-Napoca
city (more precisely, domestic users of CASSA services). The whole
population of Cluj-Napoca is CASSA customer, so we can
understand the results of the research as being valid for the entire
population of the city. The city of Cluj-Napoca has 376000
inhabitants (permanent or short and medium term residents) and is
the third biggest city in Romania (according to the census of 2002).
From a geographical point of view, the research included the
municipal area of Cluj-Napoca.
All the inhabitants of Cluj-Napoca are customers of the water
company. Consequently, studying customers’ attitude, we actually
study the entire population’s attitude towards water, in particular, and
nature, in general.
3. Water related beliefs and their connection to
environment concern
Through their actions, humans have a huge impact on water
quality, use and management and thus contribute to its degradation or
to its protection. Their actions are conducted in a high degree by their
beliefs, alongside other factors. This is why the knowledge of the
beliefs is useful for understanding the mechanism of a certain
behavior and for finding effective ways to shape it in order to meet
the requirements of a sustainable development.
The objective of this research was to evaluate the water
related beliefs of the customers of the water company that can be
used to assess their concern for the environment protection. In order
to achieve this objective, we considered necessary to obtain
information about (1) the importance of having clean waters through
wastewater treatment for customers’ health and for the environment
and (2) the evaluation of the effects of untreated wastewaters on
customers’ health and on the environment. Both these classes of
information are necessary, because they complete each other in order
to construct a correct view on the subject. In detail, the data collected
referred to the issues discussed hereinafter.
The first question aimed to reveal the declared importance for
them of the clean waters in the environment through wastewater
treatment.
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The question used here was: “How much does it matter for
you to have the wastewaters treated and returned them clean into the
nature?”. This was a closed question; the provided set of answers
from which the respondent could choose was arranged on a fivepoints Likert scale, plus an additional answer for those who would
feel more comfortable with declaring they did not know, included
with the purpose to obtain a more accurate image of the reality: not at
all, a little, average importance, much, very much, I don’t know (see
Fig. 1).
Figure no. 1
The importance for the customers of clean waters in the nature
through wastewater treatment

14.70%

Legend:
0 – not at all
1 – a little
2 – average
importance
3 – much
4 – very
much
5 – I don’t
know

Source: ***, 2010, Report of the Research Project Survey…
We can say with a probability of 95% that between 74% –
84% of the Cluj-Napoca inhabitants declare it is important and very
important for them that the wastewaters are treated and returned clean
into the environment; at the same time, only between 16% – 26%
grant a low and very low importance to wastewater treatment for
them or have no opinion on the matter. A high importance of the
clean waters for them indicates they understand themselves involved
in the interaction cycle between the environment/water and the man
and, consequently, affected by it. This judgment makes them more
likely to act according to a sustainable attitude towards water, in
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particular, and environment, in general. We can conclude that this is a
positive situation from the point of view of influencing the consumers
towards an environment oriented attitude.
The second question tried to discover the perceived
importance for the environment protection, pollution prevention of
the clean waters in the environment through wastewater treatment.
The question used here was: “How much does it matter for the
environment protection, pollution prevention to have the wastewaters
treated and returned them clean to the nature?”. This was a closed
question; the provided set of answers from which the respondent
could choose was arranged on a five-points Likert scale, plus an
additional answer for those who would feel more comfortable with
declaring they do not know, included with the purpose to obtain a
more accurate image of the reality: not at all, a little, average
importance, much, very much, I don’t know (see Fig. 2).
Figure no. 2
The importance for the environment of clean waters in the nature
through wastewater treatment

Legend:
0 – not at all
1 – a little
2 – average
importance
3 – much
4 – very
much
5 – I don’t
know

Source: ***, 2010, Report of the Research Project Survey…
We can say with a probability of 95% that between 82% –
92% of the Cluj-Napoca inhabitants declare it is important and very
important for the environment protection, pollution prevention that
the wastewaters are treated and returned clean into the environment;
at the same time, only between 8% and 18% grant a low and very
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low importance to wastewater treatment for the environment or have
no opinion on the matter.
Acknowledging a high importance of the clean waters through
wastewaters treatment is an indicator of understanding the
interactions and consequences between the quality of an environment
component (water in our case) and the environment in general. At the
same time, allocating a high degree of importance to wastewater
treatment for environment quality shows a correct understanding of
the influence that the first has on the latter. This way of thinking is a
step ahead towards acting in a sustainable manner regarding water, in
particular, and environment, in general. Again, we can conclude that
this is a positive situation from the point of view of creating and
maintaining an environment oriented attitude of the consumers.
The third question aimed to find out the beliefs about the
direct impact of untreated wastewaters on customers’ health and
quality of life.
The question used here was: “If the wastewaters are returned
to the environment without being treated, does this have any impact
on your health and on the quality of your life?”. This was a closed
question and the provided set of answers from which the respondent
could choose was: no (/average), yes – very good, yes – good, yes –
bad, yes – very bad,yes, I don’t know (see Fig. 3).
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Figure no. 3
The evaluation of the effects of untreated wastewaters on the
customers’ health and quality of life

Legend:
0 – no
1 – yes,
very good
2 – yes,
good
3 – yes,
bad
4 – yes,
very bad
5 – I don’t
know

Source: ***, 2010, Report of the Research Project Survey…
We can say with a probability of 95% that between 83% –
93% of the Cluj-Napoca inhabitants see the effects of untreated
wastewaters on their health and quality of life as bad and very bad; at
the same time, only between 7% – 17% perceive no effect of these or
a good/very good one or have no opinion on the subject. The
acknowledgement of a danger is the first step towards protection
against it and a high evaluation of this is the second one. The higher
the evaluation of the danger of untreated wastewaters, the more
sensitive the people become to the issue and the better are the
chances to adopt a positive attitude towards water and environment
protection and pollution prevention. The combination between the
high evaluation of the negative effects of untreated wastewaters on
their health and quality of life and the high importance of having
clean waters through wastewater treatment (revealed by the first
question) raises the chances of transposing the beliefs and intentions
into real actions of a sustainable attitude. For example, the high level
of awareness on the danger of untreated wastewaters on their health
increases the chances to accept a raise in the wastewater tariff with
the purpose of improving the procedures and thus of protecting their
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health, compared to the situation when the perception on the danger
would be low.
The fourth question focused on discovering the beliefs about
the impact of untreated wastewaters on the environment.
The question used here was:” If the wastewaters are returned
to the environment without being treated, does this have any impact
on the environment?”. This was a closed question and the provided
set of answers from which the respondent could choose was: no
(/average), yes – very good, yes – good, yes – bad, yes – very bad,
yes,I don’t know (see Fig. 4).
Figure no. 4
The evaluation of the effects of untreated wastewaters on the
environment

Legend:
0 – no
1 – yes, very good
2 – yes, good
3 – yes, bad
4 – yes, very bad
5 – I don’t know
6.22%

Source: ***, 2010, Report of the Research Project Survey…
We can say with a probability of 95% that between 87% –
97% of the Cluj-Napoca inhabitants see the consequences on the
environment of discharging untreated wastewaters in the nature as
bad and very bad; at the same time, only between 3% – 12% perceive
no effect of this action or a good/very good one or have no opinion
on this subject. These results demonstrate people’s high awareness on
the impact of water treatment on the nature protection, which is,
again, helpful for creating a sustainable behavior. Even more, the
high evaluation of the danger of untreated wastewaters for the
environment associated with the big importance of efficient
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wastewaters treatment for the nature protection, pollution prevention
(shown by the second question) create a strong premise for achieving
a sustainable behavior.
This research carried out through a simple random survey was
very carefully implemented and respected all the statistical
requirements in order to make the results of the sample representative
for the entire population. Still, some limitations of the research must
be taken into consideration in order to evaluate the results properly.
In this respect, we mention that concern for environment is probably
seen by the respondents as a positive trait of a person. Naturally,
people want themselves and the others to have a good image about
them and because of this, in spite of the researcher and operator
specific and open commitment and promise to keep the answer
anonymous, the respondents might have tipped the balance towards
the positive answers from the point of view of environment
protection. The subjects might have been tempted to choose the
answers indicating a positive attitude towards environment either
because they wanted to create a better image in the eyes of the
operator or because they wanted to see themselves in such a way. The
large extension of the original research to which this study belongs
didn’t allow us to include more elaborated questions in order to
reduce this error. In conclusion, the results of the study reflect the
declared beliefs of the population, which might be slightly different
from the real ones. However, the best arguments found for respecting
the anonymity and the importance of true answers were presented and
highlighted repeatedly by the operators to the respondents in order to
obtain answers as real as possible.
4. Conclusions
The information obtained from this study can be used together
with information about other aspects of people’s behavior related to
water, in particular, or environment, in general, in order to shape their
actions, their attitude so that to become more responsible, more
sustainable. At the same time, this information can be added to
information about the perceptions on the actual wastewater treatment
performed by the water company in order to see how environmental
friendly is perceived to be the water company by its customers; also,
the information can be used to evaluate the importance that the
customers assign to the wastewater treatment activity of the water
company compared to other of its activities.
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The results of this research are positive from the point of view
of the interest in the environment protection. They reflect both a deep
concern for the problem of wastewater treatment in relation with
human health and environment protection and a high awareness on
the relationship water – human health – environment of the
population of Cluj-Napoca city. These beliefs are extremely
important because they represent the foundation for a sustainable
behavior. Without them, a sustainable action would be possible only
through enforcement, which is not a panacea for the numerous
dimensions of a complex subject as environment protection and
cannot bring the same benefits as the actions resulted from the own
convictions of the people. The beliefs revealed by this research must
be encouraged and reinforced and used within sound strategies to
create and promote a sustainable behavior.
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Abstract: The paper proposes three intruments for assesing
consumers’ attitude towards environment: Matrix importance of
action for the environment – evaluation of actor’s performance,
Matrix importance of action for the environment – evaluation of
effect of the action on consumer’s life, Matrix importance of action
for the environment – evaluation of the effect of non-performing the
action on consumer’s life. At the same time, the paper highlights the
importance of consumer behavior research for a sustainable
development. Due to the limits imposed by nature, the present
patterns of natural resources use and consumption, and of waste,
pollution generation cannot continue without causing irreversible
damage to the life-promoting processes of the biosphere. The wellbeing and survival of humanity depend on the urgency and degree of
the change towards a sustainable type of development. Consumer
behavior is one of the corner stones of this change. Therefore, its
study provides insights indispensable for its modeling so as to
become more sustainable.
Key words: consumer’s attitude, behavior, sustainable,
environment.

2. Introduction
People can affect the environment in various ways, according
to the role they play in the society: when they act as producers of
tangible goods or services, when they act as consumers, when they
take decisions in other fields (than production and consumption) that
influence (directly or indirectly) the environment, such as legal
initiatives, political decisions etc. Among these, the most outspreaded
role is that of consumer. This justifies the high interest in studying
consumers’ attitudes, beliefs, behavior related to environment.
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Naturally, there is a bidirectional influence between the consumption
related beliefs, actions etc and the environment related ones; for
instance, on one hand, people’s concerns about environment will
influence their consumption patterns and, on the other hand, the
experiences as consumers will have an impact on their beliefs
concerning environment.
2. The impact of consumption on the natural balance
Gradually, the awareness on the negative impact that human
activity has on environment has increased and the measures taken to
repair the damages and prevent new ones emerged, especially since
the second half of the 20th century. They do not aim to reconvert
humanity to old stages of development less aggressive to the nature,
but to achieve a development in accordance with the environment and
the human needs, a sustainable one.
In spite of the fact that, most of the times, the material
abundance and, consequently, the consumption were seen as the final
objective of the human activity and as the form that happiness takes
in this life, the reality, on closer look, demonstrates the very reverse
of this assumptions. Thus, Human Development Report (1998)
identified five paradoxes of consumption: 1) Consumption does not
guarantee happiness; 2) Many poor people live in the most affluent of
societies; 3) Economic growth does not measure the quality of
development; 4) Northern consumption is often at the expense of the
South; 5) Consumption is costing us the Earth (cf.
http://www.unesco.org/education/tlsf/TLSF/theme_b/mod09/uncom0
9t01.htm).
The global pressure on the environment is very high and rises
along with the consumption. Naturally, people want to be happy, but,
in this pursuit of well-being, the consumption is taking an increasing
share and happiness is becoming synonym of excessive and
unstoppable consumption.
In direct connection with the necessity of re-establishing the
natural balance rises the question if we really need such high level of
consumption of goods, services, raw materials, energy for a healthy
and pleasant life. The obvious answer is that we do not need it; this
answer is sustained by the evidence of past and present life styles, by
the biological, psychological principles etc. One of the reasons why
the conversion to a sustainable life style is so difficult is the
dominance of a culture that requires high levels of consumption,
which states that we are what we possess, that defines the status and
the approval of the society through highly costly actions from the
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point of environmental impact – resource depletion, waste
accumulation etc. Selfish interests represent another obstacle for
sustainable development: the administrative, business, private
initiatives targeting a change in the consumption and production
patterns towards a sustainable development are blocked by the
protests of those afraid that their financial interest would be affected.
Under these circumstances, a deeper understanding of the natural
processes, of man’s place within biosphere and a higher respect of
Nature are indispensable for the change towards a sustainable
consumption.
Recent studies (McKinsey, 2008, apud ***, 2008, Sustainable
Consumption…) revealed a gap between, on one side, the beliefs, the
concerns on environment and, on the other side, the actions related to
environment. In spite of the increasing level of awareness on the
environmental issues, the number of consumers with sustainable
consumption behavior is lower than the number of consumers with a
positive attitude towards sustainable consumption. A crucial
information that can help improving consumer’s behavior towards
sustainability is that about the barriers that hamper the change.
Greendex 2010 carried out a research among consumers in 17
countries and identified in the consumption patterns (related to
housing, transportation, food and consumer goods) obstacles that
inhibits people from being more environmentally active. The first ten
obstacles had the following weights in the population studied (cf.
Greendex 2010: Consumer Choice and the Environment – A
Worldwide Tracking Survey, Highlights Report, June 2010 p. 5):
-

Companies make false claims about the environmental
impact of their products
Individual efforts are not worth if governments and
industries don’t take action
People in my country are not doing their part
People in other countries are not doing their part
It costs too much to help
Few environmental friendly options are available
Not enough information about how to help
I am confused by too much information
It is too inconvenient to help the environment
The seriousness of environmental problems is
exaggerated
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44%
40%
34%
34%
31%
26%
25%
22%
20%
19%

According to this research, it appears that consumers are more
interested in receiving more action from business and government,
instead of discussions and information. Within the context of these
findings the importance of corporate responsibility and of visible
actions and behavior of business and government gain even a higher
importance. The power of example is an important rule of the game
of building sustainability.
4. Consumers’ attitude towards sustainability
Accurate prediction of consumer behavior is one of the main
challenges that researchers face when they study the consumers. The
gap between the intentions and the real behavior in relation to
environmental aspects is sometimes higher than in the case of other
behaviors (such as consumption of food). Attitude studies can
improve the accuracy of behavior predictions. There are many
variables that must be taken into account in the attitude research.
Among these, we mention the perceived importance of an
environmental initiative/ action, the perceived efficiency of the
environmental initiative/ action performed by a certain actor
(company, government etc), the perceived effect of the environmental
initiative/ action on their own life. Considering these three variables,
we can design at least two helpful instruments in the research of
consumers’ attitude: the Matrix importance of action – evaluation of
actor’s action (Figure 1) and the Matrix importance of action –
impact on own life (Figure 2).
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Figure. no. 1
Matrix importance of action – evaluation of actor’s performance

Importance of environmental
action/ initiative for the
environment

High

I. High awareness of the contribution of
the action to natural balance; high
awareness of the danger of nonperforming the action; accurate perception
of the reality.
Negative image of the company/etc from
environmental point of view.
Consumer: might adopt a sustainable
behavior; might sanction the company/etc.
Customer’s beliefs on importance must be
encouraged and reinforced and on
efficiency must be changed.

II. High awareness of the
contribution of the action to natural
balance; of the danger of nonperforming the action.
Positive image of the company/etc
from environmental point of view.
Consumer: may adopt a sustainable
behavior; may reward the
company/etc;
Consumer’s beliefs must be
encouraged and reinforced.

III. Low appreciation of the action; low

IV. Low appreciation of the action; low
awareness of the danger of nonperforming the action; indifferent to the
problem; distorted perception of the
reality.
Negative image of the company/etc if its
efforts are perceived as useless costs.
Neutral image if no additional costs are
attached.
Sustainable behavior is improbable.
Perception on the importance must be
changed, on the efficiency - reinforced.

awareness of the danger of nonperforming the action; indifferent to
the problem; distorted perception of
the reality.
Neutral image of the company/etc
from environmental point of view.
Sustainable behavior is improbable.
The perception on both the importance
and the efficiency must be modified.

Low
Low

Perceived efficiency of the environmental initiative/
action performed by a certain actor

High

Source: own elaboration
In Figure 1, the matrix can be used to assess the
environmental component of a certain actor’s image
(company/community/etc) in consumer’s mind. The perceived
importance of an environmental initiative/ action reveals the level of
the positive effect on the environment generated if the action is
performed, according to consumer’s estimations. This action is
supposed to be the standard one (performed at the standard level of
efficiency). The level of extension of the action must be specified.
For instance, saving energy by one individual may be seen as useless
from the point of view of environment protection, but the common
action of the whole community might be interpreted as one with a
high positive impact on natural environment. The perceived
efficiency of the environmental initiative/ action performed by a
certain actor (company, government etc) reveals the evaluation that
the consumer gives to the performance achieved by the
company/individual/organization/community etc in question. For a
more detailed analysis of the perceived efficiency of the action, this
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perceived efficiency can be decomposed in various components. For
example, the action of afforestation of 10 ha, can be evaluated in
relation to the biodiversitity, climatic changes, prevention of floods
etc.
Figure no. 2
Matrix importance of action – evaluation of effect of the action on
consumer’s life

Importance of environmental
action/ initiative for the
environment

High

Low

I. High awareness of the contribution of
the action to natural balance; of the
danger of non-performing the action.
Personal price to pay is high.
Perceived contradiction between
environment and personal interests.
Sustainable behavior is not possible.
Customer’s beliefs on importance must
be encouraged and reinforced and on
the impact on his/her life must be
changed.

II. High awareness of the
contribution of the action to natural
balance; of the danger of nonperforming the action.
Appreciation of the effect of the
action of his/her life.
Sustainable behavior is most
probable.
Consumer’s beliefs must be
encouraged and reinforced.

III. Low appreciation of the action; low

IV. Low appreciation of the action; low
awareness of the danger of nonperforming the action; indifferent to the
problem; distorted perception of the
reality.
Sustainable behavior is possible, but for
other reasons that environment related.
Perception on the importance must be
changed, on the effect on own life reinforced.

awareness of the danger of nonperforming the action; indifferent to the
problem; distorted perception of the
reality.
Sustainable behavior is perceived as
useless and harmful.
Sustainable behavior is not possible.
The perception on both the importance
for nature and the effect on own life
must be modified.

Negative

Perceived effect of the environmental initiative/ action
on his/her own life

Positive

Source: own elaboration
In Figure 2, the perceived importance of an environmental
initiative/ action is the same as explained in the previous matrix. The
perceived effect of the environmental initiative/action on consumer’s
life reveals the nature of the impact that the action will have on
consumer’s life if it is performed at standard level (average expected
by the consumer). For a more detailed analysis the impact on
consumer’s life can be further evaluated by components: health
(physical, mental), emotional wellbeing, economical status etc.
A complementary instrument to this matrix is a matrix where
on the horizontal axis we put the perceived effect on consumer’s life
of non-performing the environmental initiative/action (Figure 3).

146

Figure no. 3
Matrix importance of action – evaluation of the effect of nonperforming the action on consumer’s life

Importance of
environmental action/
initiative for the
environment

High
I. High awareness of the contribution
of the action to natural balance; of the
danger of non-performing the action.
Personal price to pay is high.
Perceived contradiction between
environment and personal interests.
Sustainable behavior is not possible.
Customer’s beliefs on importance
must be encouraged and reinforced
and on the impact on his/her life must
be changed.

II. High awareness of the
contribution of the action to natural
balance; of the danger of nonperforming the action.
Sustainable behavior is most
probable.
Consumer’s beliefs must be
encouraged and reinforced.

III. Low appreciation of the action;

IV. Low appreciation of the action; low
awareness of the danger of nonperforming the action; distorted
perception of the reality.
Sustainable behavior is possible, but
for other reasons than environment
related.
Perception on the importance must be
changed, on the effect on own life reinforced.

low awareness of the danger of nonperforming the action; distorted
perception of the reality.
Unsustainable behavior is perceived
as beneficial for own life.
Sustainable behavior is not possible.
The perception on both the
importance for nature and the effect
on own life must be modified.

Low
Positive

Perceived effect of non-performing the
Negative
environmental initiative/ action on consumer’s life

Source: own elaboration
This matrix will be more relevant for the evaluation of
consumer’s perception on the interaction human action-environmenthuman life for the cases when the consumers don’t have a deep
understanding of this interaction. In these cases the consumer may
not evaluate to its real value a positive effect (of maintaining,
restoring the natural balance on his/her life), but he/she might give a
better/ proper evaluation for the opposite situation – effects of the
degradation of the environment on his/her life. This is because danger
draws attention more than a peaceful situation, because people are
more receptive to potential threatening situations than to the normal,
safe ones.
5. Conclusions
Nature is old and wise, while humanity is young and foolish.
During its glimpse existence in the Earth’s life, humanity has
changed and destroyed the nature so deeply that he became, from an
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integrated part, a predator of his own life support environment.
Consumption is one of the driving forces that lead to the uncontrolled
use of natural resources, but, at the same time, it is a solution for
rebalancing the harm done and continuing development within a
sustainable pattern.
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Abstract. The paper argues that soft law can under certain
conditions enhance cooperation relative to binding legal agreements.
Soft law creates and delineates goals to be achieved in the future
rather than actual duties, programs rather than prescriptions,
guidelines rather than strict obligations. Thus, soft law should be
considered superior to hard law in cases in which soft law leads to
more valuable legal rules over time. The lack of a central legislative
authority or of a coherent set of international legislative arrangements
has resulted in a law-making process and a body of rules which are
ad-hoc and fragmented. In this somber context, we pointed out the
crucial role that the nonbinding agreements have. They facilitate the
states’ attitude towards future binding arrangements.
Key words: soft law, environment, agreement, regulation,
cooperation.

1. Introduction
Environmental matters are increasingly in the mainstream of
national and international politics. International law plays a key role
in any effort to protect and preserve the global environment. From
rather hesitant and tentative beginnings, environmental law has
progressed rapidly under the combined stimulus of ever more
powerful means of inflicting irreversible environmental damage and
an ever increasing awareness of the fragility of the global
environment. Together these have brought about a universal concern
with activities that may damage the global environment, which is the
common inheritance of al1 nations, great and small (WEERAMANTRY
1996). Paraphrasing what Ph. SANDS (1995) was emphasizing in
“Principles of international law. Framework, standards and
implementation”, international environmental efforts will remain
marginal unless they are added in an integrated manner with those
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international economic endeavours which retain a primary role in
international law-making and institutional arrangements.
2. “Actors” involved in drafting, implementation,
enforcement of environmental arrangements at international
level
At global level there are institutional actors that play an
important role in the development, implementation and enforcement
of international environmental law. A wide range of actors participate
in those aspects of international legal order which address
environmental issues particularly in the negotiation of international
environmental agreements. These actors have different roles and
functions, including participation in law-making process, monitoring
implementation, ensuring implementation and enforcement of
obligations (PETRESCU-MAG 2010). The role of each actor depends
on its international legal personality and the rights and obligations
granted to it by different environmental treaties or by general
international law. The International Court of Justice (ICJ) pointed out
that international organizations are subjects of international law
which do not, unlike States, possess a general competence.
International organizations are governed by the “principle of
specialty”, that is to say, they are invested by the States which create
them with powers, the limits of which are a function of the common
interests whose promotion those States entrust to them (ICJ 1996).
Thus, State remains the main actor in the international law.
Consequently, it is still State which creates, adopts and implements
international legal principles and rules, creates international
organizations, and permits the participation of other actors in the
international legal process (SANDS 1995). In order to assure a
functional institutional framework and a coherent and practical
legislative body that can answer to the global environmental
demands, trebly should we meet three challenges:
- Ensure that all States can be envolved in finding legal
solutions to the environmental problems the international
community is confronted with. The majority of developing
countries find themselves in the impossibility to participate in
the lawmaking process, because most of the time these States
lack of financial and human resources;
- Strengthening the role of international organizations and their
effectiveness by increasing their powers;
- Ensure that the role of non-governmental actors is capitalized
as well as possible, by providing an international status
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allowing them to participate effectively in the international
process of development and decision-making, and creating
mechanisms for implementation of global obligations at
national and local level.
3. The role of soft law instruments in enhancing
cooperation relative to binding legal agreements in
environmental field
The principles and rules of international environmental law
are set forth or reflected in thousands of acts adopted at national,
bilateral, regional, global level. Unfortunately, there is no
international legal text that sets out the principles and rules of general
application. The lack of a central legislative authority or of a coherent
set of international legislative arrangements has resulted in a lawmaking process and a body of rules which are ad-hoc and
fragmented. In this somber context, a crucial role have the
nonbinding agreements which facilitate the States’ attitude towards
future binding arrangements.
Many scholars define soft law as those agreements that are
not legally binding, definition that focuses on an analytically clear
and tractable distinction between hard and soft law (BORGEN 2005).
Soft legal agreements are those agreements that are not themselves
legally binding but are created with the expectation that they will be
given the force of law through either domestic law or binding
international agreements (MEYER 2009). While States can always
choose to ignore international law, the essence of soft law is that the
cost of reneging is less when an obligation is soft rather than when it
is hard. This is true because the reputational sanction States face for
noncompliance depends on how likely they have indicated their
future compliance is (LIPSON 1991).
Those who see a positive legal and environmental dynamic of
the soft law instruments, stress that these “weak regulations”
facilitate the initial agreement in certain areas that are difficult to be
accepted, being more flexible in making States to accept changes,
invigorating the scientific understanding, promoting cooperation and
facilitating later development of hard environmental instruments
(DRNAS DE CLÉMENT 2010). In order to give impetus to agreements
with statements of soft law, many multilateral environmental
arrangements are configured as a framework agreements, setting
general goals, which can only be achieved through policy making,
lacking of precise rules or operational instructions. The practical
advantage of soft law is its discretionary character, without binding
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the parties. Pierre-Marie Dupuy in the paper Soft Law and the
International Law of the Environment (DUPUY 1991) offers three
reasons for the increased role of soft law in environmental matters:
1. The existence and development of international/regional
network of permanent institutions. By their solid organizational
structure, it was possible to conduct negotiations with the political,
economic, legal character between Member States
2. Diversify international community components: inclusion
of the developing countries in decision-making brought significant
changes in the attitude of the developed countries. Soft law
instruments such as resolutions, recommendations, declarations have
been viewed with enthusiasm as means of amending the basic rules
and principles of international legal regime.
3. The third reason is the rapid development of global
economy, increasing globalization, all combined with the progress of
science and technology, required the development of new branches of
international law. Thus, international environmental law is a prime
catalyzer that facilitates the emergence of soft law – as part of
amending the international legal order.
In practice, the development of “soft” law norms with regard
to the protection of the human environment began immediately after
the Stockholm Conference (1972). At the regional level in general
and in Europe in particular, several international institutions have
engaged in important activities related to environmental protection:
the Organization for Economic Cooperation and Development
(OECD), which, in particular, has adopted a series of
recommendations conceived of as a follow-up to the Universal
Stockholm Declaration regarding the prevention and abatement of
cross-border pollution; the EEC (European Economic Community,
later called European Communty) which has adopted Programmes of
Action for the Environment, on the basis of which “hard” law is later
established, mainly by way of “directive”.
Much of “soft” law is incorporated within “soft” (i.e., nonbinding) instruments such as recommendations and resolutions of
international organizations, declarations and “final acts” published at
the conclusion of international conferences and even draft proposals
elaborated by groups of experts.
It is thus generally understood that “soft” law creates and
delineates goals to be achieved in the future rather than actual duties,
programs rather than prescriptions, guidelines rather than strict
obligations. It is true that in the majority of cases the “softness” of the
instrument corresponds to the “softness” of its contents. After all, the
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very nature of “soft” law lies in the fact that it is not in itself legally
binding (D’AMATO 2004).
States prefer to define, by common agreement, programs of
action which invite them to adopt, starting at the national level,
adequate material and regulatory measures. One can assume that such
a prudent strategy has been encouraged by the example furnished by
the positive results often produced when States effectively take into
account the guidelines proposed in some of the resolutions or
recommendations defined within the framework of international
organizations.
Soft law can overcome deadlocks in the relations of States
that result from economic or political differences among them, when
efforts at firmer solutions have been unavailing. A substantial amount
of soft law can be attributed to differences in the economic structures
and economic interests of developed, as opposed to developing,
countries.
We argue that soft law can under certain conditions actually
enhance cooperation relative to binding legal agreements. Soft law is
superior to hard law in cases in which soft law leads to more valuable
legal rules over time. The excessive use of soft law, which is dictated
by certain compelling exigencies now, may ultimately weaken the
entire international lawmaking system (MEYER 2009). Soft law can
create a specific type of flexibility that can lead to the evolution of
international law in response to changing political circumstances.
4. Final remarks
International law is but one dimension of the response and
plays a key role in any effort to protect and preserve the global
environment. The jurisdiction of international tribunals is rarely
compulsory as no State can be brought before an international
tribunal without its consent. Negotiations, which are often expensive
and cumbersome, may be the only viable alternative for an injured
State. Since there is no proper enforcement mechanism to ensure that
a State honors a judicial determination, there is also the problem of
compliance with a judicial decision (PERKINS 1997). Ensuring
compliance with international treaties and custom is one of the main
issues in international law. States are responsible for international law
violations that can be attributed to them. The large majority of
multilateral environmental treaties focus not on the harm to the
injured State, but on the conduct of the acting State, imposing duties
of behaviour and of result. The Trail Smelter arbitration of 1941,
recognized that principles of State responsibility are applicable in the
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field of cross-border pollution and thus, States may be held liable to
private parties or other States for pollution that causes significant
damage to persons or property (KISS & DINAH 2007).
Concluding, more than a dozen of environmental liability
treaties have been negotiated, but few have entered into force, and
most remain, as Noah SACH (2008) named them, „unadopted
orphans” in international environmental law. The same author
underlined that negotiated liability regimes have foundered because
of three main roadblocks:
(1) interest conflicts between developed and developing
States;
(2) high transaction costs and low expected payoffs;
(3) incorporation of treaty provisions that are too onerous for
States to accept.
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Abstract. We presented the importance of rabbit farming due
to various reasons, such as: by rabbit rearing one can produce a
quality protein (20.80%) rich meat for family, improving the family
diet, at the same time supplying a regular source of income, and not
the least, feeding rabbits can be very cheap. According to the FAO
(2001), backyard rabbit keeping provides additional income and
supplies additional protein for poor rural and urban households with
low investment and labor inputs. Rabbit rearing could represent one
of the answers agriculture needs in the context of fragmented land,
aging population, lack of financial resources for investments and the
need to provide a source of quality meat protein. At the same time,
the domestic rabbit is one of the animal species that could found a
productive niche in the suburban agriculture of Romania. We also
update with recent information the present state of Transylvanian
Giant rabbit which, in several years, could become the first
homologated Romanian rabbit breed in history of rabbit farming.
Key words: rabbit farming, potential, individual household,
environment, Transylvanian Giant.

1. Introduction
The trend of drafting and implementation of Rabbit project
planning strategies all over the wold is encouraging. It is most
imperative that the rabbit project complements the traditional and/or
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sociological values of the local population and there have been
properly introduced careful planning and design considerations in
recent years, fact that has been rising global awareness on the virtues
of rabbit meat production in developing countries as an alternative
means of alleviating world food shortages. Many countries (Brazil,
Egypt, India, South Korea, Mexico etc.) have formally established
national rabbit programs devoted to benefiting the masses through
self-help, small-scale rabbit production. This basic understanding is
largely attributable to the rabbit's high rate of reproduction and early
maturity, rapid growth rate, high genetic selection potential, efficient
feed and land space utilization, limited competition with humans for
similar foods and high quality nutritious meat (CHEEKE 1980).
Benefits of the cuniculture is that it can be adpted to any
system of farming, rabbits can be bred in all geographic areas
regardless of altitude or climatic conditions, rabbit farming can be
developed in very small spaces, and the food consumption is
exclusively vegetables that are found easily.
2. Importance and benefits of rabbit production.
Adaptability to the agricultural situation of Romania
Agriculture is an economic activity vital for society, and
consequently it is a sector that contributes to maintaining the
stability, continuity and economic growth. Therefore, investments in
a system of coherent and appropriate solutions that can improve the
agricultural sector by generating performance, competitiveness, food
security and safety, jobs etc must be made. Some solutions are:
Development with priority of animal husbandry and increase in its
share in the overall agricultural production, improvement of pastures,
tree, vegetable and wine growing, sectors which lag behind a lot;
Stimulation of integration of vegetal production with animal one to
obtain a substantial production increment meant to assure domestic
consumption, and cut in the imports on each product; Consolidation
of small farms should be encouraged, because owning larger area is
usually associated with a higher standard of living in rural
households; Commercial farming should be supported and
encouraged in Romania; Implementation of a program to monitor the
food quality, in accordance with specific norms; Exercise of a
sanitary-veterinary and phyto-sanitary control in accordance with the
regulations set with corresponding authorities from European Union;
Support for the installation of young farmers in rural areas;
Investments in rural labour training and professional reconversion
(PETRESCU ET AL 2010).
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In this context, in Romania, domestic rabbit has the potential
to become one of the most exploited species for meat production.
Worldwide, this is because of increased human population and
because of its attributes as food source and of its various advantages
compared with other types of meat (MCNITT ET AL 2000).
Due to high rate of human population growth and increasing
demand for proteins it isnecessary to increase the production of meat
herbivores, mostly the ones with short life cycle, such as rabbits, that
can be raised using cheap fodder and agricultural by-products; they
grow rapidly, they are prolific and their meat is of good quality
(MOSQUERA & QUINTERO 1999).
The production potential of this species allowed to compete in
conditions of intensive farming with other monogastric animals like
pigs. In terms of growth potential (Table no.1), the rabbit shows a
lower growth than chicken, but higher than pork. A rabbit is able to
multiply by 40 its birth weight in 10 weeks, while a chicken needs
half the time and a pig six weeks more. With regard to reproductive
capacity, the situation is similar to that described for growth
(CARABAÑO 2003).
Table no. 1
Production yields of different species during the growth period
Species Birth
Sacrifice Birth-sacrifice BI
weight
weight
period of time
(Kg)
(Kg)
(days)
Chicken 0,045
2,5
45
2,2
Pork
1,5
90
165
2,7
Rabbit
0,06
2,5
70
3,2
Source: adapted after Carabaño 2003
Thus, while in chickens the growth rate has almost tripled and
the conversion rate has halved, in rabbits these improvements
represent only around 20-30%. The factors that best define the
productive potential of exploitation and the profit are: the female
reproductive capacity and the behavior of animals in the fattening
period (DÍAZ MARANTE 2006). On small-scale family farms rabbits
should be strongly integrated into traditional farming practices
(LUKEFAHR 1988). This entails recycling of garden and/or food refuse
to rabbits as feed and converting rabbit manure into compost for
enhancing soil fertility. This integrated approach is an effective
means by which animal feed and fertilizer costs can be minimized.
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Beneficial intermediaries (catalysts) in this integrated, cyclic scheme
are earthworms as agents in finely pulverizing rabbit manure and
bees as agents in boosting farm crop productivity through pollination.
Rabbits can be fed on a great variety of locally available foods, some
green leaves and kitchen vegetable scraps can be given to rabbits at
almost no cost. By-products, like waste beer malt, are another cheap
food. Because rabbits can breed and grow quickly, it means that a
rabbitry can expand quickly and take advantage of a plentiful food
supply. Even the backyard rabbit keeper can provide a constant
supply of meat for his family. Rabbits skins can be used for several
purposes (mats, rugs and clothes). The manure is a valuable organic
fertilizer for use in a vegetable garden. No special materials or
equipment needs to be bought for the construction of a backyard
rabbitry. Housing can be built from pieces of wood (FAO). As a
result of such applied integration each distinct farm enterprise
component may demonstrate increased yields while requiring only
marginal capital expenditures. In addition, rabbit manure can be
converted into methane gas to meet household fuel needs. Of course,
such a farming system is labor intensive. Extension of farming
systems research innovations on such small farms is an area which
deserves special attention (LUKEFAHR & CHEEKE 1990).
In Romania, the agricultural property is still excessively
fragmented and the large number of farms are subsistence and semisubsistence. According to statistics on farm structure in 2007
(MARTINS & SPENDLINGWIMMER 2009) nearly two thirds - 64% - of
the 866700 active Romanian holdings in 2007 produced mainly for
own consumption, whereas 35% produced mainly for direct sales.
Statistics say that the 866700 Romanian farms cultivate an area of
only 9.4 million hectares which represents half of the useful
agricultural area. This means there is a potential that can provide food
for another 30 million people. Only 1.6% of holdings used 50 ha or
more, while the EU average holding area is 30 ha. In order to become
competitive, the Romanian holdings must be extended (PETRESCU ET
AL 2010). According to the Agricultural Census of 2002, two
organizational types of farms characterize Romanian agriculture: one
comprises 4.5 million farms of the average area of 1.73 hectare,
controlling nearly 55% of agricultural land; the other is constituted by
agricultural holdings classified as legal entities (farm associations,
commercial companies, public administration units and other types of
holdings - NGOs, religious estates, cooperative units), in number of
22000 and disposing, on the average, of 274 hectares of agricultural
land (VOICILAS 2008). The small farms lack the capacity to make
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investments, fertilize the soil, use irrigation systems and apply
modern technologies. Consequently, productivity did not increase
and profitable market relations are yet to be established (PETRESCU ET
AL 2010). In rural communities, absolute poverty rate reaches 22%,
compared to 7% in urban areas. This strongly affects life quality in
the rural area and is an impediment in the development of rural
communities. Rural incomes are relatively low, and the gap between
rural and urban areas is steadily increasing (MATEOC-SÎRB ET AL
2008).
Given the state of Romanian agriculture, the activity of rabbit
keeping, in the context of the family economy, may directly
contribute to increase the family’s revenue. The activity may be
associated with the presence of other animal species including pigs
and poultry. Other advantage is this farming system is depending
primarily on the feed availability of the surrounding. The potential of
locally feed resources could be used successfully for growing rabbits
as an alternate feed supply in terms of cost effectiveness and
sustainability. These feed resources can be cultivated in the farmers’
plots to provide diets with high contents of digestible energy and
protein without the need for cash resources to buy off-farm
supplemental feeds. Therefore, poor families with limited resources
could benefit through increased income and increased consumption
of rabbit meat to meet the families’ nutritional needs. Farmers can
also re-invest their capital to expand their rabbit operation as a means
to abandon poverty, but an emphasis on market accessibility and
creating a high consumer demand for rabbit meat must also be
developed (SAMKOL & LUKEFAHR 2008). One impediment to the
development of this branch of animal husbandry may be the lack of
tradition in the consumption of rabbit meat.
The advantages of small-scale rabbit production are shown
below (RASTOGI 2000):
− Small size and quiet nature of rabbits makes it easy to raise them in
cities, suburbs and village communities;
− Large litter size and short generation interval allows for economic
returns in the short term (12-15 fryers/doe/year);
− Rabbits are 2.5 and 4 times more efficient in extracting protein
from forages than sheep and beef cattle;
− Rabbits can easily subsist on waste materials from the vegetable
garden, family kitchen and institutional canteens/cafeterias;
− Low investment is required for establishing a small rabbitry with 35 breeding does;
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− Meat of rabbits is an excellent, alternative source of healthy food
being low in fat, salt and cholesterol.
3. First Romanian rabbit breed
Transylvanian Giant rabbit (figure 1) has been created as
described in PETRESCU-MAG ET AL (2009), using mostly the native
Romanian population (extremely heterogenic, but rustic and hardy)
and also: Californian breed (for body constitution and growth rate),
Giant Papillon (for size and background black color) and Agouti
German Giant (for body size). After a complex breeding program
(see PETRESCU-MAG ET AL 2009) resulted a relatively uniform
population from almost all phenotypic points of view (figure 1):
Himalaya color pattern (white, pointed black pattern; red or pink
eyed), black background color, medium sized and thick ears, average
weight of 6 kg (at adult stage; see the growth dynamics in table 2), 68 kits in a litter, good lactation, very good tolerance to pasteurellosis
(due to artificial selection made for that trait).
Table no. 2
Average growth dynamics of Transylvanian Giant in evidence from
2010
Age
1
2
3
4
5
6
7
(months)
Weight
0.6
1.5
2.6
3.7
4.6
5.5
6.0
(kg)
Figure no. 1
Transylvanian Giant rabbit, 2010

Source: Bioflux, Cluj-Napoca, original picture)
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However, there were obtained also several individuals
weighing under 5.5 kg, value which was considered the inferior limit
of weight of Transylvanian Giant at adult age. Thus, we considered
appropriate a correction of body size and weight, and we appealed to
the infusion with Giant White (during 2010-2011). This infusion with
Giant White in Transylvanian Giant population diluted the pointed
black trait in the next generation, resulting many agouti-Himalaya
(chch Aa) and agouti-Himalaya-like individuals (chc Aa or or chc aa).
A second step will be necessary in 2011 to correct the color trait of
the population, as follows in figure 2.
Figure no. 2
The size and weight correction by genetic infusion (step 1) and color
correction by backcross (step 2); ch – himalaya gene (dominant), c –
albino gene (recessive); A - agouti gene (wild/dominant), a – black
backgroud gene (recessive) (original data)
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We estimate the new rabbit breed will be ready for
homologation in less than one year, but the process of homologation
will take several years. The first level is the homologation in
Romania, evaluated and monitored by ANARZ (Bucharest), then a
tour of exhibitions abroad will follow in view to prepare the
international homologation. Approval of a breed means not only
working on genetic improvement of a population but also a good
management, economic studies and a wide legislation survey.
4. Conclusion
Rural communities need programmes and projects of
economic development that generate income and allow families to be
economically independent. One solution, as other countries have
already implemented,
could be the Rabbit project planning
strategies. Rabbit rearing could represent one of the answers
agriculture needs in the context of fragmented land, aging population,
lack of financial resources for investments and the need to provide a
source of quality meat protein. In the same time, the domestic rabbit
is one of the animal species that could found a productive niche in the
suburban agriculture of Romania. The popularity of the rabbit in
rural/urban agriculture is due to:
1. The need to ensure high quality meat supply
2. The high fecundity
3. The ease of maintenance of the rabbit which makes it suitable for
the conditions of family households.
The rabbit has several points in its favour as a meat producer,
and can be raised on a small-scale by individual households. In our
country, the rearing of rabbits is carried out, mostly, at family
household level. The nowdays world situation is in favor of
cuniculture, due to three fundamental aspects (DÍAZ MARANTE 2006):
- Lack of animal protein, either by increasing demand due to world
population growth or decline in the breeding of those animals
historically producers.
- High cost of concentrate feed.
- Great capacity to take advantage of materials with high fiber
content.
Recognizing the potential of rabbits, i.e. being small in size,
ability to utilize forages efficiently, ability to live in a simple hutches,
fit for family households, together with the nowadays situation of
Romania’s agriculture, i.e. large rural population, shortage of protein
consumption, high rate of unemployment, abundant availability of
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forages, rabbit production may have great potential to develop in
Romania.
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Abstract. Agriculture is an important economic sector that
has a strong interaction with natural environment. Its impact on this
proved to be high and there are considerable efforts involved in
finding solutions for a more harmonized relation. The paper
contributes in this respect by exploring and analyzing a number of
models that could be used for a better measurement of economic and
financial effects of changing agricultural holdings activity toward an
increased sustainability of production.
Key words: sustainable development, agriculture, agricultural
holding, economic efficiency, analysis models.

1. Sustainable development at the scale of agricultural
holdings
The models of different economic and financial phenomena
are abstract and simplified representations of these phenomena that
synthesize, systematize, and symbolize by mathematic equations the
causal and condition relations that are specific to such phenomena
(Cojocaru, 1997).
The production is a basic component of the economic and
financial activity and could be considered the rational for the
existence of any agricultural holding, regardless to the ownership,
organization type, and size.
Within the framework of sustainable development, production
gains a new dimension from both points of views: physical and value.
The economic analysis of production in physical expression can be
done using three models:
- production obtained in ecologically sustainable manner;
- production obtained conventionally on scientific bases;
and
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-

production obtained unconventionally, then technologies
are not respected.
Within any agricultural holding it is necessary to look up for
three aspects:
- production’s volume;
- production’s structure;
- production’s quality.
In case of production that is obtained in ecologically
sustainable manner the focus of economic analysis is on the
production in physical expression and will consider with priority the
quality of production.
Ecologically sustainable production has to fulfill certain
conditions regarding the technology and the quality. Taking into
account the number of conditions that are respected by the
agricultural holding, the production will be differentiated in quality
classes, which will be mirrored by prices. Therefore the physical
production will be adjusted by a coefficient, which will give the
standard ecological production. The conditions to be respected by the
agricultural production are the following:
- crops are established considering soil and climate
availability;
- crop rotation is respected;
- pests and diseases are mitigated with integrated protection
methods using physical and biological techniques;
- pest and disease resistant varieties are cropped;
- tillage is applied correctly (certain moisture, right
direction etc.);
- manure is used as fertilizer;
- machinery and tractors have a minimum impact on soil
and air;
- the sensorial, nutritional, and ecologic quality of products
is high.
For livestock production the conditions are similar with the
previous ones and are completed with the following:
- optimal crop-pasture ration;
- livestock size is correlated with the holding’s surface
(load on pasture hectare);
- reproductive livestock, seeds, seedlings and other
biological materials are certified as organic being
produced in the same or another holding;
- feeding receipt is respected in quantity and quality and
avoid chemical and hormonal additives;
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liquid and solid manure is disposed safely, without
leaching in soil or water.
A hierarchy of these conditions could be made using the
Delphi method. The hierarchy will be further used for the
establishment of the standard ecologic (STAS) production’s k’
coefficient. The Delphi method consists in the organization of an
iterative survey within a panel of experts. Each expert will establish a
grade within 1 and 10 for each condition considering its importance.
1% ≤ k′ ≤ 100%.
The average obtained by each condition will be expressed as
percentage from the whole.

Q

e

=

STAS

Q ⋅ k ′

STAS

Q = Q

m

⋅k

therefore:
Qe = Qm ⋅ k ⋅ k ′
where:
Qe – ecologic production;
STAS
Q – standard production to be obtained;
Qm – commodity production;
K – computed by experts considering various quality
parameters.
The second model presumes a production that is obtained in
conventional manner, respecting the technologies established on
scientific bases. In this case both quantity and quality of production
are in focus.
As long as the quality of the production is regarded, the
model presumes the following conditions:
- agricultural quality: production potential, crop simplicity,
climate needs, resistance;
- visual quality: color, size, shape (it is very important for
customers’ choice);
- sensorial quality: taste, smell or scent;
- nutritional quality: foods ability to satisfy the nutritional
needs of the consumer;
- hygienic quality: products that are safe for health (absence
of microorganisms, chemical contaminants etc.).
The conditions to be respected by a conventional production
are the following:
- choice of variety, density and seeding;
- optimal doses of fertilizers;
- phyto-sanitary treatments made based on prognoses with
minimal environmental and health impact;
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type and number of maintenance works;
balance between varieties requirements and economic
conditions.
In this case it is also important to calculate the average
coefficient of production quality – k, which will allow the calculation
of the standard physical production (Cojocaru, 1997).
r
Q
k= m
Qm
where:
r
Qm – standard commodity production (STAS);
Qm – physical commodity production.
The values of this coefficient could be above one then the
standard production is higher than the physical production, although
this is very rare. Most often the value of the coefficient is below one,
since one or more of the conditions are not respected, meaning that
physical production is lower than the standard production. In any case
a higher value for the coefficient will reflect an improvement of
quality.
Then physical production is obtained and delivered in
different qualities (categories or classes).For the economic analysis of
the physical production’s quality, the following indicator system will
be used:
- the physical production’s structure on quality classes
(percentage of physical production for each quality class);
- average quality coefficient of physical production on
product calculated as follows:
∑ Qm ⋅ i ;
 k=
∑ Qm
 k=
 k=

∑ sk ⋅ c

e

100
∑ Qm ⋅ c e

∑Q

;
;

m

where
k – average quality coefficient of commodity
physical production for each product;
Qm – physical volume of commodity production on
quality classes for each product;
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i – figure that indicate the position (class) of
quality (1 for extra quality; 2 for Ist quality; 3 for IInd
quality etc.);
sk – structure of physical production on quality
classes;
ce – equivalent coefficients for quality classes –
calculated as ration between selling prices of the quality
class and the selling price of the extra quality class;
∑ Qm ⋅ ce – conventional physical commodity production
(recalculated as extra quality production using the equivalent
coefficient.
According to the first calculation procedure, the average
quality coefficient (k) has values above one. Its lowering indicates
that production’s quality is getting closer to the extra quality.
According to the other two calculation procedures, the average
quality coefficient has values below one, and its increase indicates an
improvement of production’s quality.
The third model considers an agricultural production that is
obtained without respecting technological provisions. In this case, the
production will be reduced or it cannot be sold if:
- unauthorized products are used for pest control;
the maximal limits for fertilizers are exceeded;
- there are used hormones and additives for feeding
livestock;
- polluted soil is cropped and products threaten consumers
health;
- products content different than the one indicated in its
label.
The coefficients to be established for this type of production
are ruled by law, which also establishes the level of penalties to be
paid by producers or sellers.
Qunconventional = Qobtained x ktoxic or polluting
The coefficients to be established for this type of production
are ruled by law, which also establishes the level of penalties to be
paid by producers or sellers.

2. Diagnosis models for sustainable agricultural holdings
Profitability is the capacity of a holding to obtain profit
meaning its ability to cover the expenses from incomes and to obtain
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a net income as profit. The profit is a synthetic indicator that reflects
the absolute size of profitability, being a volume indicator.

2.1. Profit maximization through crop structure
optimization
Optimizing crop structure could be made using a linear
programming model. Studies that substantiate the mathematical
model consider:
- establishing the resources of the area or of the agricultural
holding (land, mechanization, chemical and organic
fertilizers, irrigation water, labor etc.);
- natural and biological conditions;
- technological restrains of crop rotation;
- restrains of quantities that are contracted;
- restrains of products and resources prices;
- restrains of environmental protection;
- restrains of health protection.
For the substantiation of crop structure it could be used a
linear programming mathematical model. The elements of such
model are: variables, restrains, and optimization criteria.
Variables are crops that will compose the production
structure. The optimization criteria is profit maximization for the
agricultural holding. Another criteria could be the minimization of
costs. The general shape of the linear programming model is
suggested by Ratiu-Suciu and Luban (1997):
n

minimise (maximise) ∑ c j x j
j =1

supposed to the restrains:
= 
n
aij x j ≤ bi ,
i = 1, …,m,
∑
j =1
≥ 
x j ≥ 0,
j = 1, …, n
where:
x j ( j = 1,..., n ) are the unknown variables of the model, meaning
the variables that can be influenced by the decision maker;
c j , aij , bi , (i = 1,..., m, j = 1,..., n ) are the models constants;

c j , ( j = 1,..., n ) are the coefficients of the objective function, that
could be: unit costs, unit prices, unit benefits or profits, or other
performance indicators that feature decision variables;
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bi , (i = 1,..., m ) are free terms from the right side of the restrain
system. They could represent the availability of certain resources
needed for x j , ( j = 1,..., n ), activities or the minimum level that has to
be reached by certain activities or other characteristics of these
activities;
aij , (i = 1,..., m, j = 1,..., n ) are the coefficient of restrains. They
could represent specific consumption or the size of a certain
characteristic for an unit of activity.

2.2. Profit maximization through fertilizing system
optimization
According to Zahiu (1993), the main elements that have to be
considered in the organization of the fertilizing system are:
- knowledge on the properties and fertility of each plot;
- as complete as possible valuation of fertilizers by using
proper crop rotation and structure. Successive cropping of
the same plant reduce fertilizers’ efficiency;
- establishing the fertility of the soil;
- establishing soil fertility according to previous crop and
the residual effect of fertilizers;
- differentiated use of fertilizers for different crops and soil
types;
- establishment of certain priorities in fertilizers’
application in case that the quantity to be procured is
limited;
- rational use of chemical fertilizers depends on factors such
as transportation, storage and application. Each
agricultural holding should apply technical and
organization measures for avoiding losses in
transportation, handling, processing, application of
fertilizers;
- rational use of manure especially in soils where their use
create large production surpluses.
The need of fertilizers is determined according to three
criteria: technique, economic and energy. For this a complex system
of indicators and criteria is employed as follows:
- production increase per hectare or per kilogram of
fertilizer;
- energy balance or net energy production per hectare;
- energy ratio;
- value of production increase per hectare;
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- cost of production increase;
- supplementary profit per hectare and per product unit;
- profit rate etc.
Adoption of proper solutions for fertilizing crops implies a
complex optimization process that regards establishing the optimal
allocation of each fertilizer type, the optimal NPK combination. The
optimal doses could be established using production and economic
functions.
The production function implies the notion of relation among
the values of at least two variables: the independent variable, which is
the factor, and the dependent variable, which is the production to be
obtained. The problem to be solved is to find out the quantity of
production to be obtained by using different combinations of factors.
This relation is expressed as follows:
y= f(x1,x2,x3. . . xn),
in which:
y – production;
f – function;
x – resources (factors) used for producing the y quantity of
production.
Using these functions will allow to find out the technique
maximum, expressed by the total physical product. In case of
fertilizers the technically optimal dose expresses the quantity of
fertilizer that allows obtaining the maximum mean production.
The economic optimum could be also established. It is
expressed by the maximum profit to be obtained with an
economically optimal dose of fertilizer. The economic optimum
shows the quantities of factors that produce maximum profit per
hectare. In case of limited access to fertilizers, the goal of decision
making is to substantiate solutions for optimal allocation of fertilizers
for different crops. This could be resolved using a linear
programming model.
The optimization criteria indicated for fertilizers allocation on
plots and crops is profit maximization for monetary unit spent for
fertilization. In analytical form the model is as follows (Zahiu, 1993):
n m
Bij
ai
xij → max
∑∑
Cij
i =1 j =1
The restrain system:
n

1)

∑ aixij = Qj,

j=1,1,…n.

q1ij ≤ xij ≤ q2ij,

i = 1,2,…n.

i =1

2)
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where:
j – fertilizer type identification index;
Cij – expenses with j type fertilizer application on i plot
(lei/kg a.s.);
Bij – profit to be obtained by j type fertilizer use on i plot;
ai – area of i plot (ha);
xij – j type fertilizer dose to be applied on the i plot (kg.
a.s./ha);
Qj – available quantity of j type fertilizer (kg a.s.);
Q1ij – minimal dose of j type fertilizer to be applied on i plot
(kg a.s./ha);
Q2ij – maximal dose of j type fertilizer to be applied on the i
plot (kg a.s./ha).

2.3. Model for determining profit by internalizing
environmental costs
In order to bring in front a profit that is as close as possible to
the real profit, the sustainable agricultural holding has to measure all
costs, including the ecological ones. Beside the classic model for
analyzing expenses it will be introduced in exploitation expenses the
expenses related to sustainability such as:
- sustainability of preservation expenses;
- expenses for neutralizing the polluting effect of various
production factors;
- expenses for neutralizing the polluting effect of various
industrial activities;
- expenses regarding the measurement and control of
pollution in that area;
- expenses with penalties for exceeding the accepted
pollution level;
- expenses with expertise for product toxicity on human
health;
- expenses regarding health in case that the holding is found
guilty for public health problems;
- expenses for research of clean agricultural technologies.
Sustainability or preservation expenses. In case that the land
owners decide to preserve a certain plot because of its very degraded
soil the expenses of preservation will bear the owner, but also the
consumer since this cost could be introduced in price.
Expenses for neutralizing the polluting effect of various
production factors. Reflect the material, human, and financial effort
involved in the functioning of wastewater and other waste treatment
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plants, especially sewage in livestock management. These expenses
will also comprise the transportation and disposal costs and will bear
the agricultural producer.
Expenses for neutralizing the polluting effect of various
industrial activities. These expenses are necessary for introducing in
the agricultural circuit certain lands which were exposed to industrial
pollution. These will be supported by the polluting enterprise based
on the polluter – pay principle.
Expenses regarding the measurement and control of pollution
in that area. Usually these expenses are higher because expensive
devices and expertise are needed. We consider these expenses should
be supported by both the producer and the state.
Expenses with penalties for exceeding the accepted pollution
level. These expenses are compulsory and will be supported by the
polluter, which is the agricultural producer. Meanwhile such
expenses will not be introduced in the production cost and will not
affect prices.
Expenses with expertise for product toxicity on human health
are compulsory and will be supported by the producer and by the
State through the institutions involved in consumer protection.
Expenses regarding health in case that the holding is found
guilty for public health problems. Health expenses will be supported
by the agricultural producer and could be represented by penalties
that will be collected in common accounts dedicated for public health
issues. Such expenses will not be introduced in the production cost.
Expenses for research of clean agricultural technologies.
These expenses are very high and could be interpreted as expenses
made in advance that will be recovered from the improved products’
beneficiaries. These expenses will be supported by the agricultural
producer since him/her is the main beneficiary. Nevertheless the
producer could be helped by granting advantageous credits since
research expenses contribute to the social welfare.
The structural model of exploitation expenses will be:
Che =
M f + M t + Ls + I t + C p + Ae + Ap + Cc + Cn − Cni ± Cmp + Cap ± Ce − C s* ± Cct

where:
Che – total exploitation expenses;
Mf – expenses regarding commodities;
Mt – material expenses;
Ls – works and services made by third parts;
It –taxes, fees, and other public expenses;
Cp – human resource expenses;
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Ae – other exploitation expenses;
Ap – pay off expenses;
Cc – preservation or sustainability expenses;
Cn – expenses for neutralizing the polluting effect of various
production factors;
Cni – expenses for neutralizing the polluting effect of various
industrial activities;
Cmp – expenses regarding the measurement and control of
pollution in that area;
Cap – expenses with penalties for exceeding the accepted
pollution level;
Ce – expenses with expertise for product toxicity on human
health;
Cs – expenses regarding health in case that the holding is
found guilty for public health problems;
Cct – expenses for research of clean agricultural technologies.
• Expenses regarding health as fees could be included in the
It component, but in this case they will be introduced in
product’s cost and this is not fair from social point of
view.

2.4. Model for determining net income in a sustainable
approach
Decision substantiation regarding land optimization
necessitates the reconsideration of the efficiency and the mechanism
that deliver it. In this respect it is necessary to create cybernetic
models that allow a systemic approach of natural and socio-economic
phenomena undergoing in agriculture and further the measurement of
efficiency and economic assessment of outcomes in other fields
(technical, technological, social, cultural, structural, and
environmental).
Measurement of economic effects of different extra-economic
factors Xi (natural, technical, social, cultural, political,
environmental, demographic etc.) is made by a multi-criteria function
as:
y = f(x1,x2. . . ,xn) → optimum
Where y represents the economic field in which the function
takes values. Net income as objective function (yx) of the economic
computation at microeconomic scale is necessary in order to
substantiate the economic calculation.
About the social outcome of any activity, providing material
and spiritual welfare is considered.The economic function to satisfy
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social needs is expressed by moving the social field in y’s position.
Thus, the economic factor becomes an independent variable xi.
The variation interval of dependent variables xi is limited by
measures applied for the maintenance of ecological balance in order
to protect human health and environment against pollution and
resource depletion.
The net income, established as objective function of the
economic calculation provides the possibility to quantify the
contribution of activities to the increase of national income and
allows the expression of resource consumption’s effects (direct
effects) and of the resource preservation’s effects (indirect effects).
The compatibility and the measurement of these effects is made by
equaling through the use of the efficiency coefficient which is 0.15 in
Romania. That means that the use of those resources produces a net
income (indirect) that equals the average economic efficiency rate.
For natural resources it is envisaged the replacement value or
the value of the economic effect produced in case of their use in the
economic circuit and further the corresponding net income
(Gheorghiu, 2000).

2.5. Model for determining net profit in a sustainable
approach
The correction of negative environmental effects could be
made in two ways:
- applying a universal tax on profits made in activities with
obvious negative impact on natural processes. The taxes
could be differentiated according to the size of the
ecological impact (relative, average, serious, dangerous
etc.);
- increasing the tax on profit with a supplementary quota
established in correlation with the size of the impact.
The impact could be determined using models that consider
the general change of the environment in a certain geographic area
due to the use of natural resources by a certain enterprise in a limited
period.
Since economic activities are interwoven and use similar
geographical areas it is necessary to establish as accurate as possible
the impact of each enterprise considering their contribution to the
local economy or their market quota. Such a model could be
synthesized as follows:
Pn = Pimp – Ip
Ip = Pimp · (Ci + Ke)
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where:
Pn – net profit;
Pimp – taxed profit;
Ip – tax on profit;
Ci – tax quota established according to national regulations;
Ke – supplementary quota of profit tax (for activities that
generate obvious environmental impact).
The most complicated process is to establish the
supplementary quota on profit tax (Ke). a model to determine the
value of these supplementary quota is:
Ke = a%+b%+c%,
where:
Symbol
Explanation
a%
Impact degree on ecosystem:
 relative = 1%
 average = 3%
 serious = 10%
 dangerous = 50%
b%
History of environmental impact:
 Average unbalances = 5%
 Major unbalances = 10%
c%
Frequency of illnesses determined certainly by that
activity:
 low =1%
 average = 2%
 high = 5%

3. Conclusions
The use of such models does not resolve the problem since it
also depends on the way of using the amounts gathered in this way.
These amounts should be used for supporting national and regional
projects that improve environment’s quality. Nevertheless the use of
such funds highly depends, especially on short run, on current
political interests (Crecana, 2000).
The above presented models pursue the internalization of
ecological costs and the determination of their economic efficiency in
agricultural holdings. On the other hand, such processes are possible
in case of a proper bookkeeping of all costs and losses that, in turn,
depends on an adequate legal framework.
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Abstract. In accordance with the Kyoto Protocol, Romania
has committed to reduce the GHG emissions by 8%, during 2008 and
2012, compared to 1989. In order to achieve the greenhouse gases
limitation target, Romania is using two of the three flexible
mechanisms provided by the Kyoto Protocol, namely: the Joint
Implementation (JI) and the International Emissions Trading (IET).
The Romanian-Denmark joint implementation project, designated for
the improvement of the geothermal energy use in Oradea and Beius is
detailed in the present study.
Key words: Kyoto Protocol, greenhouse gas emissions,
carbon credits, flexible mechanism, geothermal energy.

1. Introduction
The Kyoto Protocol is an international agreement which
attempts to implement the objectives and principles agreed within the
United Nations Framework Convention on Climate Change
(UNFCCC) treaty from 1992. According to the 2nd Article of the
Kyoto Protocol, the main objective of the protocol is the
“stabilization of greenhouse gas concentrations in the atmosphere at
a level that would prevent dangerous anthropogenic interference with
the climate system” [1, 2]. The Protocol was initially adopted on the
11th December 1997 in Kyoto (Japan) and entered into force on 16
February 2005. It was signed and ratified by 191 states, until July
2010 [2, 3].
Under the Protocol, 37 countries (see Annex I countries)
committed to reduce the emissions of four greenhouse gases (GHG)
(carbon dioxide, methane, nitrous oxide, sulphur hexafluoride) and

183

two groups of gases (hydrofluorocarbons and perfluorocarbons)
produced by them. The main target of this commitment was the
average reduction of 5.2% of GHG emissions (from 1990 levels) by
the year 2012. According to the Kyoto Protocol, in 2012, the Annex I
countries must have fulfilled their obligations of reducing the
greenhouse gases emissions, established for the first commitment
period (2008–2012) (see Annex B of the Protocol). The Protocol
expires at the end of 2012.
In the Annex B of the Protocol, the “caps” or quotas for the
greenhouse gases emissions are listed, assigned to each developed
Annex 1 country. These quotas are known as assigned amounts units
(AAUs) and represent the allowance to emit one metric ton of carbon
dioxide equivalent (CO2-e) [1, 2]. In turn, these countries set quotas
on the emissions of installations run by the local business and by
other organizations, generically named “operators”. The operators,
that have not used up their quotas, can sell their unused allowances as
carbon credits, while the operators, that are about to exceed their
quotas, can buy the extra allowances as credits, privately or on the
open market.

2. The "flexible mechanisms" of the Kyoto Protocol
The Kyoto Protocol provides for three mechanisms that
enable countries or operators in the developed countries to achieve
their emissions targets. These mechanisms enable “parties” to achieve
the emission reductions or to remove carbon from the atmosphere by
a cost-effectively way, in other countries.
The three „flexible mechanisms” of the Kyoto Protocol refer
to:

Joint Implementation (JI). According to the 6th Article
of the Protocol, any Annex I country can invest in emission reduction
projects (referred to as "Joint Implementation Projects") in any other
Annex I country as an alternative for the reducing of domestic
emissions. In this way countries can lower the costs of complying
with their Kyoto targets by investing in greenhouse gas reductions in
an Annex I country where reductions are cheaper, and then applying
the credit for those reductions towards their commitment goal [1, 2,
4].

Clean Development Mechanism (CDM). CMD is
defined by the 12th Article of the protocol, and is intended to meet
two objectives: (1) to assist countries not included in Annex I in
achieving sustainable development and in contributing to the ultimate
objective of the UNFCCC, which is to prevent dangerous climate
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change; and (2) to assist countries included in Annex I in achieving
compliance with their quantified emission limitation and reduction
commitments (greenhouse gas emission caps). By CDM, a developed
country can “sponsor” a greenhouse gas reduction project in a
developing country where the cost of greenhouse gas reduction
project activities is usually much lower, but the atmospheric effect is
globally equivalent. The developed country would be given credits
for meeting its emission reduction targets, while the developing
country would receive the capital investment and clean technology or
beneficial change in land use [1, 2].

International Emissions Trading (IET) (also known as
cap and trade). According to the 17th Article of the Kyoto Protocol,
countries can “trade” their emissions (assigned amount units (AAUs),
or allowed emissions units) in the international carbon credit market.
A central authority (usually a governmental body) sets a limit or a
cap regarding the amount of a pollutant that can be emitted. This cap
is allocated or sold to firms in the form of emissions permits or
carbon credits, which represent the right to emit, or to discharge one
ton of carbon or carbon dioxide equivalent (CO2-e) [5, 6]. Firms that
need to increase their emission permits must buy carbon credits from
those who require fewer permits [5]. The transfer of carbon credits
represents a trade through which the buyer is paying a charge for
polluting, while the seller is rewarded for having reduced emissions.

3. Romania’s commitments according to the Kyoto
Protocol
Romania signed the UNFCCC in 1992 at the Rio Earth
Summit. Our country ratified the UNFCCC by the Law no. 24/1994
[7]. Romania was the first country, included in the Annex I of the
UNFCCC, which ratified the Kyoto Protocol, by the Law no. 3/2001
[8]. In accordance with the Kyoto Protocol, Romania has committed
to reduce the GHG emissions by 8%, during 2008 and 2012,
compared to 1989 [9]. Romania is using 1989 as a base year, instead
of 1990, taking into consideration the flexibility provided by the
Article 4.6 of the UNFCCC, Decision 9/CP.2 [10], and based on the
Article 3.5 of the Kyoto Protocol.
Romania also committed to establish, no later than 2007, a
national system for the estimation of greenhouse gas emissions, to
establish a National Register of greenhouse gas emissions before the
starting of the first commitment period and to draft and implement
policies with a view to promote sustainable development.
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4. The Implementation stage of Romanian commitments
Several governmental and non-governmental Romanian
institutions collaborate in order to meet the NSCC and Kyoto
Protocol requirements. These institutions include:
- The Ministry of Environment and Water Management
(MEWM), which is the governmental institution authorized to
develop and carry out the state policy related to the protection of the
environment. MEWM has the authority to conduct activities
regarding the implementation, the coordination, the control and the
evaluation of policies and measures related to the implementation of
the UNFCCC and the Kyoto Protocol [11, 22].
- The National Environmental Protection Agency (NEPA),
which is the central institution that ensures the technical support for
MEWM and coordinates the regional EPAs (REPA) and the countylevel EPAs. NEPA coordinates the elaboration, implementation and
monitoring of environmental action plans at national, regional and
county level, including the climate change related activities.
- Other ministries like the Ministry of Economy and
Commerce, the Ministry of Foreign Affairs, the Ministry of Public
Finance, the Ministry of National Defense, the Ministry of
Agriculture, Forests and Rural Development, the Ministry of
Transport, Constructions and Tourism, the Ministry of Education and
Research, the Ministry of Health, etc., play an important role in the
implementation of UNFCCC requirements.
- National Commission on Climate Change (NCCC), which
was established by the G.D. no. 1275/1996 [12], and reorganized by
the G. D. no. 658/2006 [13]. The NCCC functions as the main
advisory body of the MEWM, on the decisions regarding the climate
change policy.
- Regional and local authorities, particularly municipalities,
play an important role in the implementation of local policies and
measures regarding the reduction of the greenhouse gases as well as
in the adaptation to the negative impacts of climate change.
- Research institutions like the National Research and
Development Institute for Environmental Protection (ICIM
Bucharest), the National Administration of Meteorology (ANM), or
the Institute of Research on Forestry Management (ICAS), currently
support the government in order to develop and implement the
climate change policies.
By approving the National Strategy on Climate Change
(NSCC) (G.D. no. 645/2005) [14] and the National Action Plan on
Climate Change (NAPCC) (G.D. no. 1877/2005) [15] the Romanian
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Government has taken important steps to meet the UNFCCC and the
Kyoto Protocol commitments.
As shown in Fig. no. 1, the total GHG emissions decreased
significantly between 1990 and 1999, because of the transition
process to a market economy. The decrease in energy-related
emissions was a consequence of the decline of economic activities
and energy consumption. The GHG emissions increased between
1999 and 2004, getting to be relatively stable between 2005 and
2009.
In order to achieve the greenhouse gases limitation target,
Romania is using two of the three flexible mechanisms provided by
the Kyoto Protocol, namely: the Joint Implementation (JI) and the
International Emissions Trading (IET).

Figure no. 1
The trends of the total emissions and removals of greenhouse gases,
in Romania

Source: European Environmental Agency, GHG trends and
projections in Romania [16]
4.1. Romania versus the International Emissions Trading
(IET) mechanism
As it was mentioned before, Romania committed to reduce
the GHG emissions, between 2008 and 2012, by 8% from the levels
of emission recorded in 1989. This means that Romania has the right
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to emit 1,279 billion tons of CO2-e, between 2008 and 2012. In 2009,
Romania industries emitted 40% less CO2 than its AAUs of CO2
emission. This surplus of carbon allowances can be traded for money.
In the case of Romania, the national carbon emissions cap for
2008 - 2012 period, represents 379,721,760 certificates, respectively
75,944,352 certificates annually [17]. As shown in Fig. no. 2, the
energy sector received most of these certificates.

Figure no. 2
The national carbon emissions cap allocated for different sectors

Source: adapted after: ***, Romanian operators of polluting
installations are free to chose the way of selling or buying emissions
certificates [17]
According to the trading scheme published in the G.D. no.
60.2008 (see Annex 1) [18], more than half of the national certificates
of GHG emissions will be allocated to eight companies, which
represent the biggest polluters from Romania (Table no.1).
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Table no. 1
The top of the allocated greenhouse gases emissions national
certificates, between 2008 and 2012
Name of the company
Number of the
national certificates
allocated
Mittal Steel Galati
71 millions
SC Complexul Energetic Turceni
34 millions
SC Complexul Energetic Rovinari
28 millions
SC Electrocentrale Deva
20 millions
Complexul Energetic Craiova – Isalnita
17 millions
RAAN Sucursala Romag Termo
14 millions
Lafarge Ciment (Romania) Medgidia
12.3 millions
Petrom SA Arpechim Pitesti
9.6 millions
Source: G. D. no. 60/2008, National plan regarding the carbon
certificates for 2007, and 2008-2012 [18]
According to the Kyoto Protocol, the certificates record is
held by a standardized system of national registers in each EU
member country. For Romania, this task belongs to the National
Register for Emissions. Large polluting companies have internal
departments for trading carbon credits, and those who do not have
such a department are working with the banks. There are also profile
companies, or foreign brokers who are members at one of the
mentioned stock exchanges, who are intermediaries in the trading of
certificates allocated to the Romanian companies.
Since 2009, Romania has been part of the EU’s scheme for
carbon trading, where up to 12,000 industrial and energy polluters
buy and sell CO2 emissions. Since the beginning of 2009, Romanian
companies have been trading around 40 millions of carbon credits.
The business, potentially worth billions of Euro in transaction
volumes, represents a big interest for big name brokers, such as
Gazprom Marketing & Trading [19].
The money gained from carbon credits must be used for the
development of the green energy, necessary for the reduction of
carbon emissions, or they should be used for the rehabilitation of the
coal based power plants or for the implementation of the wind energy
projects [20]. If Romania hasn’t cashed out its carbon credit surplus,
these allowances will automatically expire by 2012.
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4.2. Romania versus the Joint Implementation (JI)
mechanism
Romania has signed several JI programs with different
countries like: Netherlands, Norway, Denmark, Austria, Sweden and
the World Bank's Prototype Carbon Fund. Due to the investments
made by some of these countries, a total of 11 JI projects have started
or they have already been finished in Romania [19]. The approved JI
projects include:
- 5 projects designated for the energy efficiency, with respect to:
- The district heating: “Swiss Thermal Energy Project in Buzău
and Pascani” (Switzerland); “Development of the Municipal
Utilities-Heating System in Făgăras” (Norway); “Municipal
Cogeneration Târgoviste” (Netherlands); “Rehabilitation of
Bucharest District Heating System” (Switzerland)
- The industrial technology improvement (cement plants):
“Refurbishing of the Cement Factories Alesd and
Câmpulung” (Netherlands)
- 4 projects designated for renewable energy projects, like:
- Hydropower: “Modernization of 3 Hydro Units at Porsile de
Fier I Hydropower Plant” (Netherlands); “Modernization of
4 Hydro Units at Porsile de Fier II Hydropower Plant”
(Netherlands)
- Biomass (sawdust): „Sawdust 2000” Project (Denmark)
- Geothermal: “Geothermal Energy Use in Oradea-Area II and
Beius District Heating Systems” (Denmark):
- 1 project designated for landfill gas recovery: “Landfill Gas
Recovery in 4 Major Cities: Baia Mare, Satu Mare, Oradea, and Sf.
Gheorghe” (Netherlands)
- 1 project designated for the afforestation phenomenon:
“Afforestation of 7000 ha Degraded Agricultural Land Host Country
Agreement” (host country agreement)
It was estimated that these JI projects would generate over 7.5
mil. tons of CO2-e in the first commitment period (2008-2012),
corresponding to a value of approx. 40 million Euro [19].
4.3. Study case: The Joint Implementation project
designated for the improvement of the geothermal energy use in
Ordea and Beius
The “Geothermal Energy Use in Oradea-Area II and Beius
District Heating Systems” project is the result of the bilateral
cooperation between Romania and Denmark. The target of the project
is to substitute the fossil fuels (lignite, oil and natural gas) with the
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local geothermal energy resources from Oradea and Beius (Bihor
County, Northwestern Romania). The project was presented and
approved in the National Commission on Climate Changes meeting
from the 13th January 2004 [21].
The main objectives of the project are: (1) to increase the use
of geothermal energy resources in Oradea by building a new
geothermal heating plant and by rehabilitating the existing system
(pipe network, substation installations etc.) and (2) to increase the
supply of geothermal energy from the new geothermal district heating
system to public buildings in Beius [19]. The total investment of the
project is about 2.2 million Euro and the estimated emissions
reductions are 190.832 tons of CO2 equivalent until the end of the
first commitment period (2012) [19, 23].
Romania has a high geothermal potential. The exploration of
the geothermal resources in our country began in the 60s, when an
extensive research project of hydrocarbon reserves began. At that
time, eight geothermal areas were found, six of them are located in
the western part of Romania, and the other two are located in the
South of the country [24]. The geothermal resources are of low (2560 °C) and average enthalpy (60-120 °C) [24]. Unfortunately due to
the lack of funding the eventual projects cannot be implemented. A
solution to solve this issue was found for Oradea and Beius due to the
financial funds that came from Denmark through the JI program.
 Oradea perimeter
Oradea is located in the northwest of the Bihor County, close
to Hungarian border (12 km), and it has 206,614 inhabitants. There
are two district heating (DH) systems in Oradea: one is located in the
western part of Oradea and the other is located in the eastern part of
the town. The existing DH system was build during the 1960’s
aiming to supply both heat and electricity in the area. Due to
mechanical defects and drop in the electricity demand, the second DH
was closed down few years ago. The DH located in the western part
of the city is equipped with four lignite fired steam boilers and three
natural gas fired steam boilers. In the present, the natural gas supply
to the gas fired steam boilers is not stable due to pressure problems in
the main supply gas pipeline. Another important aspect is the
expected increase in natural gas prices, which may increase the use of
lignite fired steam boilers in order to cover a bigger part of the heat
demand.
The main target of the JI project is to increase the geothermal
energy use in Oradea by building a new geothermal heating plant and
to rehabilitate the existing DH system (pipe network, substation
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installations etc.) in the western part of the town. After the new
geothermal heating plant will be operating, the heat supply of the
town and five substations (on natural gas and lignite) will be closed.
The new geothermal system will consist of a geothermal loop (one
production well 4767 and one re-injection well 1717), of a new
geothermal heating plant (new peak load boilers, new plate heat
exchanger units, pump units etc.) and of a new primary distribution
pipe network (between the geothermal heating plant and substations).
 Beius perimeter
Beius (Bihor County) is located approximately 50 km south
from Oradea, and it has almost 13,000 inhabitants. The geothermal
resources are exploited through two wells (3001, 3003). The existing
geothermal DH system comprises technical installations like primary
and secondary pipe networks and three substations, which are almost
20 years old.
The main target of the JI project is to increase the use of
geothermal energy in the area. New public buildings are intended to
be connected to the geothermal system. As a consequence, the
combustion of fossil fuels will be substituted with a CO2 neutral
energy resource like geothermal energy.
The implementation of the Romanian-Denmark JI program
will bring many benefits, like:
- Environmental benefits: reduction of CO2, SO2, NOx and
PM emission from the existing fossil fired boilers, improving the air
quality; the limitation of surface water pollution due to the reinjection
(well 1717-Oradea) of the waste water (well 4767-Oradea)
- Economical benefits: the consumers, the Municipality and
the State are saving money; in Beius the heat selling price is
maintained very low. The utilization of the local geothermal energy
resource will reduce the import of fossil fuels like natural gas and
heavy oil.
- Social benefits: Lower heat consumer prices are expected to
increase the comfort level in buildings when inhabitants demand for
space heating and for hot potable water can be fulfilled. During the
implementation of the project new jobs will be created in the
construction sector (civil works) and industrial sector (manufacturing
of new equipment).

5. Conclusion
Romania, as an Annex I country with a commitment inscribed
in Annex B of the Kyoto Protocol, has demonstrated that it started to
implement the requirements of the protocol.
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There is a general recognition that the Kyoto Protocol
represents only a first step to address the climate problem, and that
further actions need to be taken to reach the ultimate objective of the
UNFCCC. Within the existing EU-27, discussions are ongoing on
future actions and on common reduction targets as part of a possible
post 2012 commitment. With respect to this, several Member States
have already announced national mid- and long-term climate targets.
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Abstract. The present study deals with an abandoned coal mine
from Zăghid area, in the north-west of the Transylvanian Basin (Sălaj
County). Here, the mining activity was stopped in 2005, without any
attempt of ecological rehabilitation of the mined area and especially
of the waste dumps left behind. It is considered that the radioactivity
of coal is given in the main by the content of 238U, 232Th and 40K. The
radioactive elements found in sterile and coal samples from the
studied area are 238U, 232Th, 40K, 226Ra and 210Pb. In Zăghid mining
area the level of radioactivity was measured in samples of coal,
sterile and soil. This analysis and other physico-chemical analyses
help us to establish the actual state of the waste dumps and their
content and the negative effects, which exercise on the environment
in order to select the rehabilitation model for the waste dumps from
Zăghid mining area. The main measures consist in: waste dumps
leveling, soil remediation, perennial plants culture and acid mine
water decontamination.
Key words: radioactivity, mining, environment, brown coal,
Zăghid.

1. Introduction
The studied area is situated in the Almaş Valley Basin, located
in the northwest part of the Transylvanian Basin, which is a major
sedimentary basin, located in south-eastern Carpathian System
(BERTOTTI & CIULAVU, 1994; HUISMANS ET AL 1997; CIULAVU ET AL
2000, 2002, IONESCU ET AL 2009). It is one of the most important
hydrocarbon provinces of southeastern Europe, spread on more than
10 km of sediments (PERRODON 1980; POPESCU 1995; CRÂNGANU &
DEMING 1996) with significant accumulations of brown coal and
lignite (HUISMANS ET AL 1997; KRÉZSEK ET AL 2009).
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The Transylvanian Basin developed on the basement of the
Cretaceous overthrust fold (KRÉZSEK & BALLY, 2006).The
foundation of the Transylvanian Basin is composed of metamorphic
rocks, ophiolite and pre-senonian sediments (VANCEA 1960;
CIUPAGEA 1970; CIULAVU ET AL 2002; KRÉZSEK 2005).
The formation of the Almaşului Valley Basin started in Upper
Cretaceous and continued until the upper Miocene (SĂNDULESCU
1988; CIUPAGEA ET AL 1970; CSONTOS ET AL 1992; CIULAVU ET AL
2000; DEMETRESCU ET AL 2001). The foundation of these basin is
composed of crystalline schist over which are Paleogene and
Miocene deposits.
In the Northwest of the Transylvanian Basin were several
brown coal and lignite exploitations which are all currently in the
process of conservation and closure.
In Figure 1 are shown the main coal mines from the
northwestern part of the Transylvania Basin. Currently, ecological
restoration has been achieved only in three mines from this area,
reconstruction was not successful, and it can be observed subsidence
phenomena, collapse and land sliding.

Figure no. 1
Coal exploitations in the North-West of Transylvanian Basin

In the perimeter Zăghid brown coal was exploited at the surface
through two careers: East Quarry (1978-1998), West Quarry (1998-
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2001) and in the underground by: Zăghid I Mine (1954-1997) and
Zăghid II Mine (1989-2005).
Coal is quartered in several strata’s of coal, but economic
significance represented only strata XI and XII. In the scheme below
is represented the stratigraphic sequence at the Zăghid Quarry.

Figure no. 2
Stratigraphic sequence at Zăghid Quarry

The physico-chemical and biological processes can lead to
accumulation of radioactive elements (238U, 232Th, 40K, 210Pb) in coal
deposits, which is why we wanted to identify them in coal and waste.
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The mining process brings to the surface a part of the
radioactivity from the earth's crust and the radioactivity will be higher
than at the surface (COSMA ET AL 2007). It is considered that the
radioactivity of coal is given in the main by the content of 238U, 232Th
and 40K (80%) (MAUNA & MAUNA-ARENA, 2008).The average
concentration of 238U, 232Th and 40K in coal is generally low (20, 20
and 50 Bq / kg), but can vary by more than two orders of magnitude
(UNSCEAR 2000).
The average of the natural background radiation in the world is
2.4 mSv/year. However, there are certain areas where it is much
higher due to terrestrial and cosmic background radiation (SOMLEA
& KOVÁCS 2007).
The radioactive elements found by us in wastes and coal
samples in the studied area are 238U, 232Th, 40K, 226Ra and 210Pb.
Production sources and transfer pathways of these radionuclides
are given in Table no. 1.

Table no. 1
The physical, biological and production sources of radionuclides
Radionuclide

Sources

Ra-226

U-238 decay,
coal, uranium
mines and
waste in
fertilizers
industry

Transfer
pathways
poorly
focused
in plants,
concentration
big in
Brazilian nuts
small
quantities in
bones

Reference
organ
skeletal
system, tract
gastrointestinal

Tb
(Full body)

43.8
years

bone,
200
gastrointestin
years
al tract
natural
whole body
concentrate in
58 days
K-40
component in
mostly soft
plants
Soil and Water
bodies
small
bone
component of
amounts in
kidney,
U-238
nuclear
100 days
vegetation or
whole
explosions
animal fats
body
Source: CHIOSILA 2004; HANLON 2004; BRAGEA 2008

Th-232

acid rocks, soil
and water

T 1/2

1602
years

14
billion
years
1.3
billion
years
4.47
billion
years

- with

amendments

2. Materials and method
To see the current state of soil quality (after mining) and the
impact of coal mining in the Zăghid area on soil, were analyzed: 3
samples of coal, 7 samples of sterile from the tailings situated on the
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entire affected area and 1 soil sample, operating outside the affected
area (Figure 3). This soil sample (J) is considered as blank.
Sampling was done in plastic bags using a plastic spatula.
Depth from which sterile and soil samples were collected was 10-15
cm. Before the soil sample was taken, it was previously removed the
vegetal cover on an area of 10x20 cm.

Figure no. 3
Localization of soil and sterile sampling points

Zăghid Creek

Tailing
dump

Zaghid Mine I
East Quarry

Zaghid Mine II
West Quarry

For a better understanding of the obtained results, the following
lines describe some characteristics of sampling locations and type of
the collected material.
Presentation of collection points:
A - Zăghid I Mine tailing deposit - clay with a high content of
coal; B - Zăghid East Quarry outcrop – coal; C - Zăghid East Quarry
- intercalations of clay in the coal layers (see figure 4); D - tailing
deposit near Zăghid I Mine – clay; E - tailing deposit near Zăghid II
Mine – clay; F - the profile of a landslide from Zăghid I Mine – clay;
G1 - tailing deposit Zăghid I Mine - clay + coal; G2 - tailing deposit
at the entry in Zăghid I Mine - coal (Figure 5) H - tailing – from the
surface (clay), I - tailing - at 10 cm depth (clay); J - control soil
sample, 100 m upstream from the exploitation perimeter.
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Figure no. 4
B and C sampling points –Zăghid I Quarry

B
C

In figure 5 are represented a few significant sampling places
from the studied perimeter.
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Figure no. 5
Sampling places for soil, sterile and coal

H

A

J

G2

Preparation of samples for radioactivity analysis consisted of
drying and grinding. The powder obtained (100-120 g) was stored in
boxes of 8 cm diameter cylinders with a height of 3.5 cm. The boxes
are sealed and stored for 30 days, to reach a balance between 226Ra
and radon descendants.
Measurements were made using a Multichannel spectrometer
ORTEC Digidart whit semiconductor detector type HPGe GMX
(gamma-X) with a beryllium window. Energy range at which the
detector is functioning is between 10 and 1500 keV.
Screening is made with lead bricks with a thickness of 5 cm. Xray attenuation from the lead excitation was achieved using an
additional screening of copper with 3 mm thick to X-ray attenuation,
which has increased importance in determining the radionuclide 210Pb
and 238U.
Radionuclides from the sample are determined from the
following peaks:
- Pb-210 from the 46.5 keV line,
- U-238 from two gamma lines, 63 keV (Th-234) and 92 keV.
- Th-232 is determined from four gamma lines. Th-232 reaches
equilibrium in a short time with his followers.
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- Ra-226 is determined after one-month storage, from the radon
descendant’s lines that reached secular equilibrium; they are Pb-214
(295 keV, 352 keV) and Bi-214 (609 keV).
- K-40 is determined from the peak at 1461 keV energy.
Radionuclide concentration in the sample was calculated by
the relative method. In this relative method, the intensity of the lines
range from a known sample is compared with the intensity of the
lines of a standard sample. For determination of uranium, thorium,
radium and potassium, we used standard IAEA-312. The detector is
placed in a room with low background, permanently ventilated.
Spectrum of the background is shown in figure 6.
Figure no. 6
The background of the lab

3. Results
Radionuclide activities were identified and measured for 210Pb,
226
Ra, 232Th, 40K and 238U in 11 samples from the perimeter Zăghid.
The results we obtained are shown in Table no. 2.
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Table no. 2
Radionuclide activity identified in sterile, soil and coal
samples
210

No.

Sample

Description

Pb

226

Ra

232

Th

40

K

238

U

Bq/kg
1.

A

2.
3.
4.
5.
6.
7.
8.
9.
10.
11

B
C
D
E
F
G1
G2
H
I
J

coal (with small
amounts of clay)
coal (of outcrop)
Dusty - sandy clay
sandy clay
sandy clay
sandy clay
sandy clay + coal
coal (from dump)
sandy clay
sandy clay + coal
soil

40

128

94

693

42

25
41
23
44
18
46
54
30
55
20

42
70
61
123
40
105
108
59
90
56

60
58
78
78
62
71
44
60
82
60

544
670
512
700
507
625
382
563
483
480

43
30
24
28
18
26
31
19
52
25

Errors are between 10 – 12%.
From the obtained data, we note that samples of coal (A, G2)
and samples of sterile with a high content of coal (A, G1, I) have a
higher activity of radionuclides compared with soil samples (sandy
clay) (Figure 7). In addition, there is an imbalance between the 238U
and 226Ra due to geochemical transport; both factors are affected by
migration. The difference between the values obtained for 238U
activity and 226Ra activity is due to the difference of solubility of
these elements. It is known that 238U is considerably more soluble
than 226Ra. To establish correctly the difference of activity between
these two elements (238U and 226Ra) will perform other measurements
using other methods; because it is known that gamma spectroscopy is
not very indicated to determine the activity of 238U.
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226

Values of activities of radionuclides Ra,
in the mining perimeter Zăghid

232

Figure no. 7
Th, 40K and 238U

140

Pb-210
Ra-226
Th-232,

120

U-238
100

Bq/kg

80

60

40

20

0
A

B

C

D

E

F

G1

G2

H

I

J

Through coal mining, the natural radioactive isotopes found in
the depths of the earth are brought to the surface. Here they can enter
in the circulation of chemical elements in the biosphere or stop in
waste deposit, raising the level of radioactivity in the area above the
normal.
The number of existing radionuclides from the environment,
which can be transferred to humans through water and food, is great,
and a big importance have 226Ra and 40K, as primarily internal
radiation dose received by humans (CHIOSILA 2004). While 226Ra has
a high solubility, 232Th is insoluble.
Radionuclide 226Ra reaches relatively big values (beside 238U,
232
Th with lower values) in some of the samples. It can be somewhat
controlled by a safe storage of tailings to minimize the water
contamination. Because when 226Ra reaches the human body it is
metabolized and stored in bones throughout life.
We reported in Table 3, the range of radioactivity for coals in
some European countries and the radioactivity of coals from Oltenia,
in order to make a comparison between our results and those of other
extraction sites from our country and outside. From here it is noted
the high activity of coals from Romania.
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Table no. 3
Activity of radionuclides in coal (Bq / kg)
238
226
232
U
Ra
Th
(Country
Germany
Greece
Hungary
Poland
England
Romania
Romania
Oltenia

117-390
20-480
<159
7-19
<415
25-395

10-145
44-206

10-63

40

K
10-700

7,8-21,8
<557

12-97
<123
7-19
<170

56-560
<785
55-314

24-435

17-34

58-480

Source: SOMLAI & KOVÁCS 2007; MAUNA & MAUNA-AREN
2008; COSMA ET AL 2009
Comparing the results obtained by us (in the mining area
Zăghid) with those obtained in Oltenia, it can be noted that in Zăghid
mining area, coal has a radioactivity almost double at 232Th and 40K,
in comparison with Oltenia lignite. Instead 238U and 226Ra have a
lower activity in the area studied by us.
Even if the radioactive elements do not reach the water,
material particles (loaded with the radioactive elements) situated on
the surface of the waste dumps may reach the atmosphere due to air
currents. Once they are in the atmosphere, dust can be inhaled by
humans, affecting their lungs. Therefore, CHAMEIDES (2009)
considers as very important to reduce the possibility of forming these
very fine particles to reduce the possible effects on human health.
To reduce the contamination to a minimum in this area it is
recommended to cover the tailings with a layer of soil and vegetation.

4. Conclusions
The radioactive elements found in waste and coal samples from
the studied area are 238U, 232Th, 40K, 226Ra and 210Pb.
From the obtained data, we note that the samples of coal (A,
G2) and sterile samples with a high content of coal (A, G1, I) have a
higher activity compared with samples of soil (sandy clay). In
addition, there is an imbalance between 238U and 226Ra due to the
geochemical transport; both elements being affected by migration.
Comparing the results obtained by us (in the mining area
Zăghid) with those obtained in Oltenia we can note that in Zăghid
mining area, the coal has a radioactivity around double for 232Th and
40
K compared with the Oltenia lignite. Instead, 238U and 226Ra have a
lower activity in Zăghid mining area.
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Radioactivity above natural background in the studied mining
area due to the presence of coal brought to the surface by the
operation can be improved by covering the waste dumps with a layer
of topsoil followed by planting perennial plants specific to this
region.
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