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Abstract
Phosphorus is accepted as an essential element for all living organisms. However, in soil-plant system
this nutrient is the most limiting what leads to frequent applications of P fertilizers. Its excessive use
provokes alterations in the natural P cycle, soil biodiversity, and ecological equilibrium and is the
main reason for eutrophication of water with consequences on food safety. Biotechnology offers a
number of sustainable solutions that can mitigate these problems by using various waste materials as
a source of P and, on the other hand, their solubilization by selected microorganisms. In this work we
will present results on solubilisation of animal bone char with a high content of phosphate by
microorganisms which produce organic acids such as lactic acid, citric acid, and itaconic acid. All
experiments are performed in conditions of liquid submerged and solid-state fermentation processes.
Freely suspended and immobilized cells of the corresponding microbial cultures were employed using
substrates that are characterized by low cost and their abundance. Other alternative technologies are
discussed as well, in order to stimulate further studies in this field bearing in mind the progressive
increase in P fertilizers’ prices based on high global P consumption and scarcity of rock phosphate
reserves.
Key words: P-plant nutrition; P-solubilizing microorganisms; animal bone char; agro-industrial
wastes
1. INTRODUCTION
Agriculture is an important human activity that can widely benefit from biotechnological strategies
based on plant beneficial microorganisms. It should be noted however, that in the last years a lot of
modern farming systems are characterized by deterioration and lack of sustainability. It is accepted
that the most likely reasons for this situation is related to intensive applications of chemical products
such as fertilizers and pesticides and numerous environmental problems exist for both chemical
products. The indiscriminate application of chemicals such as P fertilizers led to eutrophication of
freshwater, estuarine and marine environments. Similarly, their use may harm beneficial soil
organisms that negatively affect biodiversity. On the other hand, disposing of untreated agro-industrial
wastes directly in landfills for improving the soil physical/chemical properties and plant growth or
their incineration present another unsustainable practice. The negative effects of such lack of
environmental sustenance resulted in searching of alternative management schemes that are capable of
maintaining agro-systems with high productivity and, simultaneously, ensuring sustainability.
Accordingly, the main tasks of sustainable agriculture are to minimize the existing adverse impacts of
the chemical farming practice by implementing soil fertility restoring alternatives. It is now well
4
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known that specialists in this field are looking for effective biological approaches that can solve at
least partly the problems of conventional agriculture which are also related to food security issues and
human safety. For example the application of organic residues like compost, manure, and biomass ash
in crop production is a common fertilization practice and important for P recycling in agriculture
although the nutrient release from those substances varies widely and depends on the composition of
the material, stability of organic substances, soil properties and type of cropping systems (EichlerLöbermann et al., 2007; Schiemenz and Eichler-Löbermann, 2010).
The aim of this work is to describe some novel trends in P plant nutrition that lead to better
management of the P resources and P cycling thus minimizing adverse environmental effects of the
current practice. The problem with P plant nutrition and existing resources can be considered in two
main directions. The first one concerns rock phosphate scarcity and the vulnerability of the modern
agricultural systems which is highly dependent on the existing fertilizer industry based exclusively of
this natural, finite, non-renewable resource. It is important to note that the chemical production of P
fertilizers based on the use of high-grade (>32-35% P content) rock phosphate is an inefficient, high
energy consumption process, which generates residual materials harmful to environment (Goldstein
and Rogers 1999). Direct use of rock phosphate is possible and would minimize pollution and
decrease the costs of chemical rock phosphate treatment but the efficiency is low (Iyamuremye and
Dick 1996). A biological approach for extracting phosphate from rock phosphate was proposed as a
less expensive and lower-energy technique compared with the conventional processes. The
microbially-mediated processes could be combined with the use of low-grade (< 32-35% P content)
rock phosphate (Vassilev et al., 2009a).
Another important point in enhancing sustainability of P plant nutrition concerns the P status in soils.
In fact, most agricultural soils contain large amounts of inorganic and organic P which are however
immobilized and for this reason - plant unavailable. To use this immobilized pool of soil phosphate, a
special management schemes can be developed that include application of soluble P fertilizers and
introduction of P-solubilizing microorganisms. This combined approach is considered mainly to avoid
an excessive “mining” of soil phosphate if only P-solubilizing microorganisms will be employed in
soil-plant systems.
It seems that alternative technologies and sustainable production techniques are required in order to
improve P cycling in agro-ecosystems. These novel trends in the field of P plant nutrition should be
oriented to utilization of different P sources that are renewable and larger application of
biotechnological strategies that employ P-solubilizing microorganisms in processes for production of
soluble P in industrial fermentation processes and formulation of inoculants for their introduction into
soils (Vassilev et al., 2009b).
2. NOVEL P-BEARING SOURCES
One of the main reasons for concern in both rock phosphate-mining and P-fertilizer industries is that
by some calculations inexpensive, high-grade rock phosphate reserves could be exhausted in as little
as 60 to 80 years as the phosphate bearing ore is a finite non-renewable resource (Runge-Metzger,
1995). P fertilizer use increased 4- to 5-fold between 1960 and 2000 and is projected to increase in the
first three decades of 21st century by 20 Tg per year. Second, there are no substitutes for phosphorus in
agriculture but, on the other hand, phosphorus can be recycled mainly by use of animal manure and
sewage sludge (although there are serious concerns about these alternatives). Finally, it is important to
note that the cultivation soil available per capita on global level is lowering while the world population
is increasing with 250 000 people every day (approximately 80 million per year). This situation will
result in enhanced need for food and, consequently, phosphate demand will increase. Therefore, there
is an urgent need to find novel phosphate sources and/or novel techniques for ensuring phosphate
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availability. Here, we would like to mention some additional approaches aimed at improving the
sustainable use of phosphate bearing sources.
One of the most studied approaches is the biological treatment of low-grade rock phosphates and
particularly microbial solubilization of insoluble phosphates. In recent years various techniques for RP
solubilization have been proposed, with increasing emphasis on application of P-solubilizing
microorganisms (Rodriguez and Fraga 1999; Whitelaw 2000; Vassilev et al. 2001). It is well known
that microorganisms play a central role in the natural P cycle (Gadd 1999). A number of in vitro
studies have shown that bacteria, fungi and actinomycetes are able to liberate phosphate ions from
sparingly soluble inorganic P-bearing compounds. The P-solubilizing activity is determined by the
microbial biochemical ability to produce and release metabolites such as organic acids that, through
their hydroxyl and carboxyl groups, chelate the cations (mainly calcium) bound to phosphate, the latter
being converted into soluble forms (Kpomblekou and Tabatabai, 1994). However, metabolizable C
compounds must be applied as energy source to the microbial solubilizers to ensure their growth,
organic acid production, and, simultaneously, RP solubilization. In a number of studies, we have
shown that wastes from Food Industry (production of sugar, olive oil, wine, fruit juices, etc.) can be
efficiently used as substrates in solubilization of low-grade (12-13% phosphate) phosphate rocks
(Vassilev et al., 2003, 2006a). Further introduction of the resulting biotechnological products into soilplant systems resulted in significantly higher plant growth and enhanced soil properties and biological
(including bio-control) activity. These processes were carried out employing various technologies
including solid-state fermentations, composting, and submerged fermentations (in case of liquid foodindustry wastes). Goldstein (2000) recently proposed application of gluconic-acid-producing fungi in
heap bioreactors, spraying a cheap substrate to support microbial growth and P solubilization. It is also
recognized that agro-industrial wastes, due to their low price, are the most important route towards
realization of cost-effective biotechnological solubilization of RP (Vassilev and Vassileva, 2003).
2.1. Animal bone char
Another very attractive approach includes utilization of residues of combusted animal bones. Until
recently, residual materials of meat production have been efficiently used as high protein components
of animal feed. However, as a result of the bovine spongiform encephalopathy (BSE) crisis in the
European meat industry, the use of these animal wastes is strictly controlled. Main disposal option is
incineration, producing huge amounts of ashes the valorization of which becomes a major concern.
Industrial ashes of meat and bone meal are characterized by high calcium and phosphorus content (up
to 47%) as the minimal part of bones of a higher animal is composed of calcium and phosphate in a
fixed ratio. Therefore, apart of the efforts to employ bone meal for its energy content (approximately
17 000 kJ per kg), valorization of these wastes can be realized by application in fertilizer industry. As
far, soil enrichment with bone meal ashes resulted very efficient in remediation of heavy metal
contaminated sites (Hodson et al., 2000). Similar results were achieved in treatment of metalcontaminated aqueous effluents (Deydier et al., 2003). However, we do hope that in the near future
studies will be focused on the use of industrial bone meal ashes and bone char as novel and efficient
sources of phosphate. One of the most important advantages of heat-treated bones is their low metal
content. While rock phosphates contain cadmium, lead, cooper, arsenic, and other heavy metals, the
latter cannot be detected in bone char and bone ashes (Deydier et al., 2005). Therefore, the use of these
novel P-sources in agricultural soils will avoid contamination with metals and particularly with
cadmium. It is question of time to see a radical change in the P-fertilizer industry that will be based on
the use of non-traditional and cheap sources of phosphorus, mainly industrial wastes.
2.2. Microbial solubilization of animal bone char
During the last years, results of application of animal bone char appeared in combination with Psolubilizing microorganisms. In one of the first work in this field, Postma et al. (2010) selected and
tested ninety-seven bacterial isolates from different soils for the ability to solubilize phosphorus (P)
6
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and to improve plant health for growth and survival in P-rich animal bone charcoal (ABC). The
authors suggested that ABC is suitable as a carrier for biocontrol agents, offering them a protected
niche as well as delivering phosphate to plants, meanwhile re-using P from waste of the food chain. Of
all tested bacterial cultures, 60% showed P-solubilizing activity; they belonged to the genera
Arthrobacter, Bacillus, Burkholderia, Collimonas, Paenibacillus, Pseudomonas, Serratia, and
Streptomyces. Twelve isolates from different taxonomic groups were selected for further research on
growth ability and survival in ABC, and on their potential to control plant pathogens. The highest
concentrations of P were dissolved by Pseudomonas chlororaphis and Bacillus pumilus, followed by
Paenibacillus polymyxa, Burkholderia pyrrocinia and three Streptomyces isolates. P. chlororaphis and
P. polymyxa showed strongest growth inhibition of plant pathogenic Pythium and Fusarium sp.,
followed by the Streptomyces spp. isolates.
In another recent publication, Warren et al. (2009) compared various sources of phosphate including
heat-treated animal bone char (ABC) as it has not previously been evaluated for its potential as
phosphorus (P) fertilizer. In their work, ABC, Gafsa phosphate rock (GPR) and triple superphosphate
fertilizer (TSP) were incubated in 12 different soils. Solubilized phosphate was assessed by extraction
with NaOH and bioavailability with the Olsen extractant. The authors found that the rate of P
dissolution from ABC could be described almost equally well by the Elovich and Power equations.
After 145 days, the fraction of P dissolved ranged from 0 to 73% and to 56% for ABC and GPR,
respectively. The most important soil properties determining P dissolution from ABC were pH and P
sorption. P dissolution was not significant at soil pH 6.1 (ABC) and 5 (GPR). It was also observed that
the lower the pH, the greater the dissolved-P. Dissolved-P also correlated positively and significantly
with inorganic P sorption, measured by the Freundlich isotherm and the P sorption index. The most
important parameters such as soil pH and P sorption index could be combined in multiple regression
equations that use readily measured soil properties to predict the potential for ABC dissolution in a
soil. It was demonstrated that the solubilization of P from GPR correlated with soil pH and
exchangeable acidity. However, in comparison with GPR, ABC was a better source of available P,
assessed by Olsen-P as in most soils, ABC increased Olsen-P immediately after application, including
soils of relatively high pH in which GPR was ineffective. The main conclusion of this study is that
ABC is a P fertilizer of solubility intermediate between GPR and TSP.
In fact, in a similar study performed thirty years ago based on trials in arable fields showed a slow
release of P from bone, comparable to that of phosphate rock (PR) directly applied to soil (Bekele and
Hofner 1993). In certain soils, an effectiveness of animal bones was reported to be as good as
superphosphate fertilizer (Ramos 1982). Although certain amounts of animal bones and bone meal
have been used as fertilizers by the 1950s, these commercial products were supplanted by
fertilizers made from rock phosphate and its chemical derivates (Smith 1959).
2.3. Applications of immobilized microorganisms in animal bone char solubilization
During the last 20 years we have studied the effect of immobilization of microbial cells on
solubilization of mineral phosphates (Vassilev et al., 2001). The majority of microorganisms involved
in these studies is endophytic microorganisms (Khan et al., 2010) and therefore as the immobilized
state mimics their natural state, studies on metabolic activities including P solubilization are preferred.
In a recently published work we tested a yeast P-solubilizer entrapped in polysaccharide gel (Vassileva
et al., 2012). First of all, the production of the solubilizing metabolite (citric acid) was tested using
free and k-carrageenan-entrapped cells of the yeast Yarrowia lipolytica in single and repeated batchshake-flask fermentations. Simultaneous solubilization of hydroxyapatite of animal bone origin
(HABO) was further tested in all experiments. The highest citric acid production by free yeast cells of
20.4 g/l and 18.7 g/l was reached after 96h of fermentation in the absence and presence of 3g/l HABO,
respectively. The maximum values for the same parameter achieved by gel-entrapped cells in
conditions of single batch and repeated-batch fermentation processes were 18.7 g/l and 28.1 g/l
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registered after 96h and the 3d batch cycle, respectively. The highest citric acid productivity of 0.58 g
l–1 h–1 was obtained with immobilized cells in repeated batch mode of fermentation when the added
hydroxyapatite of 3 g/l was solubilized to 399 mg/l whereas the maximum efficiency of 89.0 % was
obtained with 1 g/l of HABO (Table 1).
Table 1. Repeated batch citric acid production and simultaneous animal bone char solubilization by kcarrageenan-entrapped cells of Yarrowia lipolytica employed in a repeated-batch fermentation process
_____________________________
Batch

Citric acid

Soluble P

Nº

(g/l)

(mg/l)

_____________________________
1

21.3+0.8

310+9.2

2

25.6+0.9

368+11.1

3

28.1+1.0

399+8.8

4

26.7+0.4

375+14.1

_________________
Values are means of + SE of 3 replicates

In conditions of repeated batch fermentation yields (P/S; g/g) between 0.52 and 0.60 were reached the
later value being the highest amongst all treatments with free and immobilized cells of Y. lipolytica.
Similarly, the citric acid process productivity of 0.44-0.58 g l-1 h-1 doubled that registered in previous
experiments with free cells and immobilized cells.
The results of this study proved the ability of the yeast Y. lipolytica to grow, produce citric acid, and
solubilize insoluble phosphate on glycerol-based media. On the other hand, the use of animal bone
char as a source of phosphate as a substitute of the traditionally applied rock phosphate was
successfully demonstrated.
In other studies, the filamentous fungus Aspergillus terreus was employed in a similar scheme to
prove its capability of solubilizing animal bone char by itaconic acid production (Vassilev et al.,
unpublished results). The main body of research in this field is focused on P-solubilizing fungi such as
Aspergillus and Penicillium. Whilst citric acid producing A. niger has been reported to mineralize
inorganic and organic phosphate relatively little is known about the efficacy of A. terreus. Moreover,
A. terreus appears to exhibit in vitro antagonistic activity against plant pathogens (Melo et al., 2006)
that was also confirmed in our previous studies. Therefore, the itaconic acid producing strain of A.
terreus seems to be an excellent candidate that may confirm the multifunctional benefits of soil
microorganisms to plants as reviewed earlier (Vassilev et al., 2010). Experiments were performed to
test the ability of A. terreus to solubilize animal bone char on glycerol. Glycerol was an excellent
substrate for growth (10.2 g biomass/l) and itaconic acid production (26.9 g/l) by free mycelium after
120-h fermentation. Simultaneously, A. terreus solubilized the insoluble phosphate to a yield of 23-50
% depending on the particle size and concentration. Polyurethane foam 0.5-0.6 cm cubes, with 0.3 mm
pore size and applied at 2.0 g/l was an excellent cell carrier. In repeated-batch fermentation, the
immobilized mycelium showed high capacity of phosphate solubilization which resulted on average in
168.8 mg/l soluble phosphate per 48-h cycle and 59.4% yield (% of total phosphate) registered in the
fourth batch. It is expected that this process based exclusively on industrial waste/by-products
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utilization will be scaled up to substitute for the conventional chemical production of soluble P
fertilizers. Potential production of a biofertilizer based on the described process should also be
considered.
Similar results were reported with Rhizopus arrhizus where the solubilizing agent was lactic acid
(Vassilev et al., 2010). In this case, the experiments were performed in shake flasks under the
conditions of five repeated-batch fermentation cycles of 50h each. Hydroxyapatite (animal bone char)
was supplemented to the fermentation medium at a concentration of 1.0 and 2.0 g/l the particle size
distribution being 24 and 60 mesh. The results showed that lactic acid produced by Rhizopus arrhizus
was able to solubilize the inorganic phosphate by its hydroxyl and carboxyl groups. The process of
solubilization was found to depend on the size of the P-bearing particles (the lower the size the higher
the concentration of soluble P in the medium). The highest solubilization level (percentage soluble
P/total P) of 40 was reached at the 3d batch cycle using the lower size particles applied at
concentration of 1.0 g/l. Higher concentration of soluble phosphate was found when using 2.0 g/l of
HA but the solubilization efficiency was lower. HA was found to stimulate lactic acid production as it
served as a pH corrector during the fermentation. Similarly, the slow release of phosphate due to
phosphate solubilization enhances lactic acid production in the P-deficient production medium.
The significance of these studies can be considered in two directions. P-solubilizers in immobilized
state obviously demonstrated higher metabolic activity and catalytic longevity typical for such kind of
carrier-cell systems particularly producing organic acids (Vassilev and Vassileva, 1992) which are
accepted as the driving force in solubilization of insoluble inorganic phosphates. Supplementing
animal bone char to these systems resulted in high yield of soluble P thus confirming the efficacy of
this material and its agronomic value as a potential P fertilizer. It is a question of economic
considerations to scale up this process in order to substitute the chemical production of P fertilizers.
On the other hand, the activity of immobilized microbial P-solubilizers could be a starting point for
investigations aimed at formulation of microbial inoculants for their introduction into soil-plant
systems. Similar approach has been well exploited in previous studies (Vassilev et al., 2001).
3. NOVEL SUBSTRATES APPLIED IN FERMENTATION PROCESSES FOR PSOLUBILIZATION
The complete recycling of agro-industrial wastes is now accepted as an important part and essential
element of sustainable agriculture and agro-industry (Tengerby and Szakacs, 1998; Saddler, 1993). It
is well known that composted agricultural residues may restore soil fertility. Agro-industrial solid and
liquid wastes represent an abundant renewable raw material source that can be used in fermentation
processes and further converted into useful materials such as food and feed products and additives, as
well as substrates in fermentation medium in the production of organic chemical compounds, materials
and bioenergy. As the cost of these materials is low when used in biotechnological production
processes they contribute the final product cost tobe economically acceptable. Similar is the situation
in the field of fermentation processes for P-solubilization by microorganisms where different agroindustrial wastes have been used as substrates in liquid and solid-state fermentations.
In recent years, there has been an increasing trend towards more efficient utilization of agro-industrial
residues based on processes which employed solid-state fermentation (SSF). SSF is a promising
technology for production of organic acids on agro-industrial wastes. Organic acids are excellent Psolubilizing agents and, therefore SSF can be accepted as an attractive approach within microbiallymediated solubilization. Here, we will present some of our studies on solubilization of rock phosphate
in conditions of SSF using solid wastes materials, mainly sugar beet wastes, olive mill wastes, and
combinations between them.
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The use of SSF technology for RP solubilization using sugar beet wastes has been for the first time
investigated with A. niger (Vassilev et al. 1995). Sugar beet waste material (SB) was selected as it
provided acceptable mycelial growth, organic acid production and a level of mineralization between
56% and 69% depending on the substrate concentration. This system was able to solubilize 76% of the
RP supplemented to the medium at concentration of 15 g/kg SB. The presence of RP affected the
behavior of A. niger, particularly its growth and citric acid production.
A similar biotechnological scheme has been applied with olive cake (OC)-based and dry olive cake
(DOC)-based media. Depending on the olive oil production technology used, several types of wastes
can be produced in different ratios and physico-chemical characteristics, such as wastewaters, OC, and
DOC. In conditions of SSF with A. niger (OC) and Phanerochaete chrysosporium (DOC), maximum
concentrations of soluble P of 0.43 mg and 0.33 mg/kg agro-waste with corresponding productivities
of 0.89 mg P kg h–1 and 0.68 mg P kg h–1 were found, respectively (Vassileva et al. 1998; Vassilev et
al. 2006b). The degree of OC and DOC mineralization, mycelial growth, and organic acid production
was lower in comparison to the SB-based process, which resulted in lower solubilization of the total P
present in the RP. Obviously, the insoluble and crystalline nature of cellulose, associated with a higher
content of lignin and the low content of oxidizable carbon in the OC/DOC experiments decreased the
overall process efficiency. In addition, the presence of polyphenolic compounds in olive mill wastes
could affect the physiological and biochemical characteristics of the fungal P-solubilizers.
A microcosm studies was carried out to determine the effect of Aspergillus niger-treated mixture of
two agro-industrial materials, dry olive wastes and sugar beet press mud, on tomato (Lycopersicon
esculentum) plants grown in a soil inoculated with Fusarium oxysporum f. sp. lycopersici (Fol)
(Vassilev et al., 2008). These waste materials were selected as they constitute major environmental
problems especially for Mediterranean countries. Agro-wastes were treated in conditions of solid-state
fermentation in the presence of Morocco apatite and further applied at a rate of 50 g/kg soil. Soil-plant
systems were additionally inoculated or not with the arbuscular mycorrhizal (AM) fungus Glomus
intraradices. Plant growth and nutrition, symbiotic developments and soil enzymatic activities were
stimulated in Fol-free soil supplemented with treated agro-wastes and significantly greater in
treatments where AM fungus was introduced compared with the non-amended control. The
introduction of Fol into the soil-plant system adversely influenced all studied parameters. AM fungus
alone reduced the effect of the plant pathogen on tomato plants and significantly decreased (by
2.3x103) the number of Fol-CFU compared with the non-mycorrhizal control grown in non-amended
soil. Higher levels of pathogen control were achieved in A. niger/AIW/RP-amended mycorrhized
plant-soil system. In separate, in vitro studies, A. niger demonstrated a strong suppressive effect on Fol
with a 5-fold reduction of the pathogen colony diameter compared to the control. Production of
siderophore-like metabolites was also detected in chrome azurol S plate assays with A. niger.
In our most recent studies, we started to exploit a novel substrate, glycerol, as a substrate in liquid
fermentations using immobilized cells of P-solubilizers (please see “Applications of immobilized
microorganisms in animal bone char solubilization”). Glycerol is the main by-product of the
conversion of oils and fats in biodiesel. As the production of biodiesel is growing rapidly combined
with a subsequent decrease in its price, the supply of glycerol increases as well and its
biotechnological applications in food, cosmetics, and drugs industries are well established. According
to the European Biodiesel Board (www.ebb-eu.org), the yearly production of 10 million tons of
biodiesel is expected by 2010 and therefore around a million tons of glycerol. This underscores the
importance of finding new applications for this by-product.
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4. CONCLUSIONS
1.
The current management of phosphate-bearing resources (mainly rock phosphates), which in
fact are finite non-renewable sources, is quite far from the principles of sustainability and may cause
an escalating price increase mainly because of increases in rock-phosphate-processing costs. This
situation determines the urgent need for alternative phosphate sources and clean biotechnological
processes with high ecological effects. A very attractive approach includes utilization of residues of
combusted animal bones which are characterized by high calcium phosphate content.
2. Application of immobilized P-solubilizing microorganisms is a useful tool for studies on:
a.

Metabolic characteristics of plant beneficial endophytic microorganisms;

b.

Development of biotechnological schemes for environmentally mild production of P
fertilizers;

c. Formulations of inoculants of microorganisms with plant beneficial activities.
3. To fulfill the tasks related to development of sustainable, environmentally-mild and safe crop
production based on application of bio-effectors, including P-solubilizing microorganisms, novel and
cheap substrates should be found. A great progress in this direction is the utilization of agro-industrial
wastes. Particularly, agro-wastes from the production of sugar and olive oil are now proved
successfully in laboratory experiments. Similarly, glycerol, a by-product from the biodiesel
production, seems a very promising substrate in liquid fermentation processes for P-solubilization.
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Abstract
We analyze the natural potential of the geographical and environmental systems. We determine the
natural potential of geosystems within the Environmental Geology. We explore the application of a
landscape approach in the modern complex geography through the study of the modern state of geoecosystems formed under the influence of both natural and anthropogenic factors. We propose to
include in the natural-resources potential concept not only the physiogeographic and environmental
potentials, but also the economic potential associated with the problems of the water and land
resources present-day use. The assessment identified 58 Geo-ecosystems, classified into five types.
Key words: Geo-Ecosystems, Natural-Resources Potential, Environmental Potential, Economic and
Environmental Potential.
1. INTRODUCTION
Modern landscape science studies the dynamics problems of geosystems by the features, which can be
judged on natural-resources potential, the study of which belongs to the main school of modern
complex geography.
The Natural-Resources Potential concept refers more to physical geography than to the economic and
social geography, by both the method for the study of problems and methodological approaches to
them. Nature and its resources do not have any social bias.
The emergence of the Natural-Resource Potential concept has been associated with the emergence of
the landscape science, but never with the resource studies. Landscape science as a science consisting
of theoretical and applied parts, could not develop without the current state of qualitative indicators of
the landscape itself. For this reason the study of the basic components of the landscape is fundamental
to the methodology for the study of Natural-Resources Potential.
The idea of the Natural-Resources Potential concept out of the landscape science was developed in
1970 - 1990's by scientists related to the provision of natural areas by resources (Isachenko, 1992,
Dzhanaleyeva, 2008, Mints, 1978). Scientifically based concept of the landscape natural potential term
was given by Solntsev N. A. (1948) and Isachenko A. G. (1998). There is no given interpretation to
the methodological approaches to the study of the landscape economic potential in these transactions
or that is rather no economic and geographical component. The heterogeneity of the renewable and
nonrenewable resources distribution, which has no clear conformity to natural laws, allows not to
place the development of human society under these laws. In other words it is impossible to embed the
methods of Geosystems study into the study of developing economic areas. The lack of
methodological approaches to the study of geographic systems, formed under the influence of both
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physical and geographical and economic and geographical areas, complicates the development of both
theoretical and applied geography.
Geographical science has recently been developing in two ways - physical geography and economic
geography. Modern geography cannot develop without the economic component. The sharp change in
natural conditions and resources under the influence of various anthropogenic factors determine the
development of methodological approaches to the study of new objects of the natural environment –
Geo-ecosystems formed by physiographic and economic and social conditions. Each Geo-ecosystem is
a natural and anthropogenic formation which is formed and develops in the geographic environment
under new environmental conditions.
According to Reimers N. F. (1990) environmental system is any coenosis of animate beings and its
habitat, combined into a functional integration that occurs on the basis of interdependence and causeand-effect relationships (Runova, 1973). Modern environmental system is so mobile and dependent on
anthropogenic factors that the study of its dynamics because of economic and geographic factors
becomes evident.
Geosystem is a special kind of material system consisting of interdependent natural components
interconnected in its location and developing over time as part of the whole. At this point N. F.
Reimers defines the Ecosystem term as a generic term covering formation type of TPC (Territorial
Production Complex), the settlement system, etc.
In the context of a modern theoretical geography it is interesting to apply the methods of economic
geography in the study of the current state of Geosystems. The objective of this paper is to propose a
conceptual approach to the study of Geosystems, methods for the study of Ecosystems, that is, to
analyze the environmental and economic Geosystems assessment based on the study of its potential.
It should be noted that there is no longer a natural potential of Geosystems since long ago. The
extremely altered natural and anthropogenic systems are subjected to the study, dynamics of which
depends on the economic and social factors. In this connection it is possible to study the natural
environment and its following components: the physiographic, environmental, economic, geographical
and social. Categories of such facilities, in our opinion, should be determined as Geo-ecosystems,
ranking it under the classification close to the landscape one (the tract facie) or according to Sochava
V. B. (geometer-geochora-geotope). The main objectives of paper include: a) an identification of the
Geo-ecosystems category at different conceptual approaches and the theoretical justification of
economic and geographic methods under integrated assessment of the natural environment; b) an
integrated geographic characteristics of the methods and materials for specific regional study (Ural
River Basin steppe zone geo-ecosystems by way of example); c) a detection of main results of the
environmental, physical, geographical, economic assessment in order to identify and study the naturalresources potential of Geo-ecosystems; d) identification of the study methods of integrated geographic
assessment for possible areas of practical Geo-ecosystems potential application.
According to Kolosovskiy N. N. (1958) Geographic Area-generating Process is considered as a
combination of territorial production complexes that do not have a single landscape supply, and
therefore the environmental conditions may be different. Consequently, the definition of NaturalResources Potential without regard to environmental conditions is unfair.
Geo-ecosystem formed under the influence of physiographic, environmental, and economic and
geographical factors, and developing under modern conditions of technogenesis is the main taxonomic
unit in the determination of the Natural-Resources Potential. Qualitative and quantitative assessment
of this potential depends on the nature of a combination of physiographic and environmental
conditions. Methods for measuring the total value of a combination of physiographic (landscape)
resources with ecological ones are expressed by the economic and geographic methodological
approaches related to specific mathematical algorithms, the identification of integrated quantitative
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estimates expressed in value indicators. In connection with the above, integrated Geo-ecosystems
zoning is a major stage in identifying the nature of the natural-resource potential use in a specific
territory for a certain period of time.
The complexity of research on the natural-resources potential assessment is determined by a
combination of studies of landscape character and ecological and economic components associated
with the risk of intensive use of resources and level of society development. When assessing the
natural-resources potential it is necessary to identify Geo-ecosystems of various gradation of its
operation when using the resource material on the basis of medium-sized landscape maps. Geoecosystems ranking is necessary to perform by the nature of a combination of natural resources and
category of its use.
Among the scholars who recognize the need for economic landscapes assessment in terms of
economic and geographic components, there are many of our contemporaries (Privalovskaya et all.,
1977, Komar, 1966, Zaitsev et all., 1972, Antipov et all., 2002). The need for economic and
geographic assessment of Geo-ecosystems is physiographically obvious. However, the identified
landscape units at the level of their morphology do not make possible under the methodology features
to determine their statistical and mathematical parameters. We do not agree with Mints A. A.(1973),
who notes that the economic landscapes assessment is possible to determine their effectiveness. The
practice of recent years and different school of applied landscape science have proved that such
researches are of importance for the economic sectors, and are general in nature.
Even the notorious use of the ball systems in landscape science creates a fuzzy and unreasonable idea
of state of environment among practitioners. Solntsev N. A. and Isachenko A.G., the founders of
landscape ideas, have created a Geosystems high-grade system of different rank and genesis. The
theoretical basis of scientists’ concepts is not disputed until now. According to Isachenko A. G. (1992)
"the natural-resources zoning should be relied on the basis of natural zoning. The landscape is a basic
natural-resources area". More than 30 years (since the 70s of the twentieth century) this thought of
scientists has been dissolving in ideas of scientists from the beginning of the XXI century. At the
present time in the same landscape the objects of diametrically opposite sectors are arranged. The
unity of their production and natural features are baseless and it obviously became more distinct in our
generation of uncontrolled use of water and land, mineral resources in favor of prosperous financing.
First, it is clear that the intensive use of Geosystems Natural-Resources Potential imposes enormous
pressure on their ecological potential. The latter is due to the fact that the natural and anthropogenic
blackout within Geo-ecosystems goes beyond the stability of their self-regulation, accepting the
catastrophic nature. What kind of dominant connection of natural Geo-ecosystems and its industrial
and energy function may be involved, for example, in Ural River Basin.
Secondly, it is necessary to entrust the priority to the natural and ecological potential, determining by
the nature of the chemical and physical technogenesis reactions to the basis of modern research. The
foregoing suggests that at the heart of modern physiographic studies the problems of rational life
support and society satisfaction of needs as parts of the geographical environment should be solved.
Hence, the following problem is: thirdly, the study of the nature of Geo-ecosystems back reaction on
sharp changes of the natural various components requires determination of stability potential in the
various environmental mediums (water, atmosphere, soil cover, biogeocenosis, etc.). The problem of
determining the stability potential of Geo-ecosystems is the most complex and has no single
methodological approach, since it involves complex self-regulation processes of Geo-ecosystems,
geochemical and geophysical features.
Thus, for the purpose of detailed study of the physiographic units complex potential it is necessary to
introduce the concept of "Geo-ecosystems" as the unit of classification Environmental Geosciences,
with its own principles for the identification and mapping. Geo-ecosystems of different ranks are
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formed and developed under both unified physiographic environment and common factors of
technogenesis and agrogenesis. The latter are components of the geographical environment created by
human activity. The degree of man-caused and agrogenic disturbance of natural Geo-ecosystems is
strong in recent years, it often takes irreversible phenomena, which have negative influence on the
operation principles of the noosphere. Therefore, modern Geo-ecosystem should be taken as
Geoecosystem, formation of which depends on natural and environmental conditions of the new
twenty-first century. The nature of the Geo-ecosystems distribution depends on the natural (zonal and
azonal) factors. The dynamics, the degree of back reaction intensity, the self-regulation processes
depend only on the environmental conditions that provoked by vital activities of society. The final
stage of Geo-ecosystems study is the use of economic indicators the basis of which is the possibility to
create cadastral data bank (using ArcGis) for purposes of determining the natural and environmental
and natural-resources potential.
For further more specific researches to identify Natural-Resources Potential as a basis for the study of
the geographical environment, we need to create a classification base of Geo-ecosystems. This will
simplify the study monitoring for the dynamic features of environmental conditions. To research the
feasibility of determining such estimates (which has physiographic, ecological, economic and
geographic features intertwined) the calculations on the local level are necessary for the prospects of
using Geo-ecosystems.
The explored region, Ural River Basin of the steppe zone of West Kazakhstan region is a favorable
habitat for all living things. In the valley of Ural River there are the greatest population density and the
richest diversity of plant and animal bodies. The sources of Ural are located at an altitude of 637 m
above sea level in Uraltau Range. The river flows into the Caspian Sea. Major tributaries are Sakmara,
Chagan (right); Or, Ilek (left). The river’s length is 2428 km. The basin area is 231 000 km2. River
Basin includes 800 rivers of various lengths.
In West Kazakhstan Ural River flows through the steppe zone, which is the assembly point for
majority of precipitation going into the river.
The river is a transit. The upper part of the river flows through Russia with the active influence of
man-caused factors. In Kazakhstan the river's flow is polluted with oil products, heavy metals, sewage,
decomposition products of organic and mineral fertilizers and waste of stock-farms. The waste
products taken from the Karachaganak gas-condensate plant of Chinarev gas-condensate field are
playing special negative role. At the present time geo-ecological problems of environment
anthropogenization are very urgent, which accompanied by a real risk of depletion of areas naturalresources potential and impairment of conditions of human life.
2. MATERIALS AND METHODS
In the course of comprehensive geographical research of Ural River Basin, which is formed within the
present structure of Uralsk city, we used methodological approaches to the assessment of natural,
environmental, economic and geographic components. The first phase of the study is medium-sized
mapping of Geo-ecosystems created on the basis of the landscape, geo-ecological maps, maps of
ecosystems and contamination. Based on these maps on the second phase map of man-caused
pollutants-ingredients distribution are created. In the course of research the geo-ecological map of the
basin was created which shows the degree of areas disturbance, identifying Geo-ecosystems of
anthropogenic genesis. Analyzing the natural and ecological potential in terms of biological
productivity, the researchers (two teams of nine men) were determining the stability potential of Geoecosystems to technogenesis indicators, i.e. their back reaction.
The single physiographic assessment was carried out by the formulas:
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EGr = EcolP

Pst

Epr

EGnr= EcolP

Pst Epnr

where EGr – Geo-ecosystems assessment on the renewable resources potential (KZT/ha per year);
EGnr – Geo-ecosystems assessment on the non-renewable resources potential (KZT/ha per year); E pr assessment of the renewable resources potential (KZT/ha per year); Epnr - assessment of the
nonrenewable resources potential (KZT/ha per year); EcolP - environmental potential coefficient; Pst stability potential coefficient.
Geo-ecosystems Natural-Resources Potential is a set of all sectoral Natural-Resources Potentials,
including all the branches of industry, agriculture, forestry, agrolandscape, mineral resources, and
resource potential of settlement areas and etc. The primary estimate of the various branches was
carried out on a possible release of the product produced for a specific Geo-ecosystem, formed under
the influence of integrated geographic and environmental factors. The main difficulty is the detection
of natural-resources potential with minerals pool as the Geo-ecosystems boundaries do not often
correspond to the boundaries of organic resources and minerals pool.
The determination of Geo-ecosystems total productivity should be carried out by the numbers of
specific sub-sectors with the use of gross income, which is the difference between gross output per
hectare of Geo-ecosystem and gross costs for producing the same output. Methods of calculation of
gross income are multiple. The underlying method of determining the gross income is a rental method
of estimate.
Geo-ecosystem Natural-Resources Potential is possible to assess in terms of productivity of
agricultural land or livestock production, etc. in KZT/ha per year. Construction and industrial
production may be estimated at the outward flow (KZT/ha per year). The most applicable assessment
is the assessment of territorial and recreational systems (KZT/ha per year).
For the applications of GIS technologies other ways of nature management, calculated in more
complex units, may be determined in a ball equivalent.
It should be noted that the parameters of the environmental potential and stability potential, when
introducing into the geographic information system to determine the final cost of the resource and the
price mechanism, can be expressed with a correction coefficient as the sum of allowances by point
system.
The environmental potential factor is taken as unit, by Vasenkina E. J. (2007), when the favorable and
unfavorable factors offset each other (0 points). It increases the cost of Natural-Resources Potential in
case of favorable natural conditions and it lowers the cost if conditions are unfavorable. The lower the
Geo-ecosystems stability potential, the higher is the stability factor. 58 Geo-ecosystems were allocated
on the territory of Ural River Basin with ranking of 5 species. The maximum value of Geo-ecosystems
stability factor comprises 0.7-0.8.
The high degree of operation intensity is characterized for Geo-ecosystems of infloodplain areas, the
lowest values of the Natural-Resources Potential factors are characterized for the watershed areas with
lower biological productivity.
3. RESULT AND DISCUSSION
The studies yielded the following results:
Natural-Resources Potential of Ural River Basin on various sub-sectors of production has the
following features: agrolandscape potential – 1 500 to 3 950 KZT/ha per year; livestock - 240 to
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10 640 KZT/ha per year; berry-mushroom - 50 to 1 500 KZT/ha in year; recreation - 300 to 2
500 KZT/ha per year;
58 Geo-ecosystems, 5 species and 14 subspecies of the region were revealed on the basis of
cartographic material and landscape maps in scale 1:500000 and quantitative features of
environmental potential and stability;
general average state of the Natural-Resources Potential of the basin is between 2 000 and 10
000 KZT/ha per year. Maximum values are characteristic of Geo-ecosystems of chernozem line
in the local zone, and the minimum values are concentrated in the eluvial formed on the chestnut
medium-humus sandy-loam soils. In addition, the highest values of natural-resource potential
are the typical for forestry areas, formed by fragments of the entire Ural River Basin (2 300 to 6
000 KZT/ha per year);
financial cost of the mineral resources potential in Ural River Basin is between 240 thousand
KZT and 80 billion KZT/ha a year (from the price of raw for building materials and facing
stones to rare-earth metals);
Geo-ecosystem of forest-steppe zone, floodplain complexes and pine and birch forests have the
high values of the ecological potential coefficient (0.8 to 1), the low parameters are fixed to
badland areas of watershed surfaces with wetlands (0.1 to 0.2);
the range of parameters dispersion of the environmental stability potential, calculated on the
Geo-ecosystems map of the region is much wider. According to the established concept by N. A.
Solntsev, the greatest stability potential is a characteristic for watershed surfaces with shallow
occurrence of source rocks (10 points), the smallest one is in Geosystem’s areas with overwet
soil (1 to 3 points) / Table 1 /.
The most complicated thing is the calculation of the Geo-ecosystems economic estimate due to the
unavailability of information on the putting material resources in a variety of types of land reclamation
(phytomelioration, water and land reclamation, recultivation, erosion control, etc.). The total natural
Table 1. Geo-ecosystems species and sub-species of Ural River Basin steppe zone
Species/
Subspecies

Types of economic
reclamation

Natural-resources potential features

I.

Areas of the complex economic use with high-NRP and favorable geo-ecological
conditions of natural resource use (EconP factor is 0.8-0.9; PSt factor is 0.8-0.9).
Rolling plain composed of diluvial and proluvial sediments with fragments of upper
quaternary sediments with white sage and fescue and stipa vegetation on dark chestnut
soils with 8% of humus, used for sowing of spring and winter wheat, forage and industrial
crops with high environmental stability potential EcolP – 7-10, PSt – 0,8; EconP – 0.8-0.9.

1.

Combinations of tracts under the conditions of temporary
streams bed and small shrubs with stipa and wheat grass cenosis
on dark chestnut soils, in combination with meadow-chestnut
ones with fragments of south chernozem used for cereal crops
(spring and winter wheat, barley and millet) -1,2, 3, 4, 5, 6, 7, 8,
9,10.

High
PRR (10000
KZT/ha per year)
Mean PNRR (1000- 2
500 million KZT/ha per
year)

2.

Combinations of tracts under the conditions of sloping suffusion
dishes and small caverns with a black sagebrush and kokpek
cenosis on dark chestnut soils, in combination with meadowchestnut solonetzic soils used for cereal crops (spring and winter

High PRR (7000-8 000
KZT/ha per year)
High PNRR (4 600
million KZT/ha per
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wheat) and forage crops (corn, oats) – 11,12, 13,14,15,16,17,18.
Combinations of tracts under the conditions of flat and sinuous
plains composed of mid quaternary sediments with oxbows and
small sais with wheat grass and fescue on dark chestnut soils
with fragments of meadow-chestnut soils used for cereal crops
(spring and winter wheat) and industrial crops (sunflower,
mustard) - 19,20,21,22,23,24,25,26,27,28,29.

3.

year)
High PRR (7000-8 000
KZT/ha per year)
Low or lacking PNRR
(550 million KZT/ha
per year)

II.

Areas of the limited economic reclamation with significant and high NRP and natural
conditions that characterize the low stability of natural complexes (PSt factor is 0.9-1) with
a relatively favorable living conditions (EconP factor is 0.8-0.9).
Sloping and sinuous plain with shallow lacustrine depressions, formed by alluvial
sediments with fescue and stipa vegetation on dark chestnut soils with solonetz, humus of
7% used as an arable land for forage crops (alfalfa, corn, oats) with a mean EcolP – 5-7.

4.

Combinations of tracts under the conditions of sloping-flat
depressions with stipa and wheat grass cenosis on dark-chestnut
solonetzic soils used for forage crops (alfalfa, corn) -30, 31

Mean PRR (4000- 6
000 KZT/ha per year)
High PNRR (4500
million KZT per year)

5.

Combinations of tracts under the conditions of sloping-concave
depressions with beds of temporary streams with kokpek and
black sagebrush cenosis with anabasis-salsa on dark-chestnut
solonetzic soils used for forage crops (corn, oats) -32, 33.

High PRR (7000-8 000
KZT/ha per year)
Mean PNRR (about 3
000 million KZT per
year)

6.

Combinations of tracts under the conditions of hummocky
elevations with xerophyte and forb and fescue cenosis on darkchestnut low-humic soils with solonetz used for forage crops
(alfalfa, oats) -34, 35

Mean and low PRR
(2500- 4000 KZT/ha
per year)
High PNRR
(more
than 3000 million per
year)

Table 1. Geo-ecosystems species and sub-species of Ural River Basin steppe zone /continuation 1/
Areas of the limited integrated economic use with intense and high NRP and scarcely
favorable natural conditions (EconP factor – 0.7-0.8) at medium and high stability of
natural complexes (factor 0.8-0.9).
The flat plain with sai and beds of temporary streams, composed of upper quaternary
marine sandy-loam materials with white sagebrush and wheat grass vegetation on darkchestnut soils of 6% humus, used for summer and spring and autumn pastures by
bioproductivity of 5.8 centner / ha with weak EcolP – 4 -6.

III.

7.

Combinations of tracts under the conditions of a modern gullybalk framework with suffosion dish fragments with fescue and
stipa cenosis on dark-chestnut with meadow-chestnut soils with
fragments of alluvial used for summer and spring pastures 36,37,38,39,40,41,42.

High PRR (more than
8000 KZT/ha per year)
Low or lacking PNRR
(more than 300 million
KZT per year)

8.

Combinations of tracts under the conditions of small-sloping
elevations and beds of temporary streams with eurotia and
Yerkek cenosis on dark-chestnut carbonate soils with a lowhumic soils in combination with solonetz used for summer and
spring and autumn pasture - 43, 44.45.

Mean PRR (about 5
000 KZT/ha per year)
High PNRR (more than
4 000 million KZT per
year)

Areas of traditional natural resource use with mean and low potential of renewable
resources (4000 KZT/ha per year) under low (or lacking) potential of non-renewable
resources and natural conditions. Characterized by low stability of natural complexes (PST
coefficient is 1.0 and below) with a relatively favorable living conditions (0.9-1).

IV.
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High and low floodplain, composed of upper quaternary and modern alluvial sediments
with forb-grain and reedy-wild rye vegetation with the cenosis of cheegrass on the
floodplain-meadow and bog-meadow soils of 5-9% humus used for haying with a
coefficient mean EcolP – 6-7.
9.

Combinations of tracts under the conditions of lowered small
basins with goldilocks and clubroot cenosis on meadowchestnut with a floodplain-meadow soils used for haying 46,47,48,50,51.

High PRR (9000 and
above KZT/ha per year)
High PNRR (3500
million KZT per year)

10.

Combinations of tracts under the conditions of sloping-downhill
concave depressions with cheegrass and wild rye and forb
cenosis on dark-chestnut low-humic soils with solonetz used for
haying - 49.

High PRR (8500 and
less KZT/ha per year)
Low or lacking PNRR
(more than 70 million
KZT per year)

11.

Combinations of tracts under the conditions of flat-sloping
depressions with forb and wheat grass and stipa cenosis on darkchestnut low-humic soils in combination with carbonate soils
used for haying - 50, 51, 52, 53, 54, 55.

Mean and low PRR
(more
than
2000
KZT/ha per year)
High PNRR (3000 and
above million KZT per
year)

V.

Areas with high risks of natural resources use with high NRP and natural conditions,
characterized by mid-favorable living conditions (EconP factor is 0.8-0.85) and low
stability of natural complexes (PSt coefficient is 0.9 and above).
The rolling plain with large beds of temporary streams, composed by diluvial-proluvial
material with forbs and shrub vegetation on dark-chestnut soils with solonetz in
combination with floodplain-meadow soils under the influence of technogenesis with weak
EcolP – 2-4.

Table 1. Geo-ecosystems species and sub-species of Ural River Basin steppe zone /continuation 2/
12.

Combinations of tracts under the conditions of a sloping-sinuous
elevations with small beds of temporary streams with karst
cavities with Kokpek and black sagebrush and anabasis-salsa
cenosis on dark-chestnut soils with fragments of floodplainmeadow soils under the influence of man-caused pollution by
the products of organic origin – 56.

13.

Combinations of tracts under the conditions of flat elevations
with small knolls and hills with a fescue and stipa, black
sagebrush and camomile cenosis with fragments of brier and
ipecac and mespilus shrubs on dark-chestnut soils with
fragments of floodplain-meadow soils under the influence of
settlement factors-57.

14.

Combinations of tracts under the conditions of beds of
permanent and temporary streams with sai and major
depressions with fescue and stipa cenosis with fragments of
ipecac and willow shrubs on dark-chestnut and meadowchestnut soils under the influence of gas condensate
decomposition products - 58.

Mean and low PRR
(more than 2000
KZT/ha per year)
High PNRR (3000 and
above million KZT per
year)
Mean and low PRR
(more than 4000
KZT/ha per year)
High PNRR (3500 and
above million KZT per
year)
Mean and low PRR
(less than 5000 KZT/ha
per year)
High PNRR (4500 and
above million KZT per
year)

Shortenings: conP – economic potential; PSt –stability potential; NRP-natural-resources potential; PRRresource renewal potential; PNRR- nonrenewable resources potential; EcolP- ecological stability potential.
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Figure 1. The map of Geo-ecosystems of Ural River Basin steppe zone
potential of Geo-ecosystems depends on investment in the region in the late twentieth century, and
may not be noticeable at the present time. The research work used calculation of material resources
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invested in Geo-ecosystem and intensely affecting the increase in its biological and industrial
productivity.
The ranking of region Geo-ecosystems, which the geo-ecological parameters (natural potential and its
changes caused by technogenesis) were laid down in criteria, as well as their ecological and economic
assessment was conducted using the following formula:
The main criteria laid down in the mapping of Geo-ecosystems to determine their economic estimate
are:
the cost of material resources invested in the extraction of nonrenewable mineral resources
(million tons per year);
the cost of material resources invested in the maintenance and development of renewable
resources (the average, regardless of weather conditions):
) the value of material resources invested in the development of livestock by sectors – sheep
breeding, horse breeding and cattle;
b) the value of tangible assets invested in the development of the crop sector (with the
dominant and subdominant cultures);
the cost of integrated geographic activities conducted during the rationalization of
technogenesis processes (atmospheric air pollution, water and soil pollution, adverse change
in the biotic factors connected with the change of flora and fauna).
58 Geo-ecosystems have been identified in the region / Fig.1 /.
Based on the analysis and synthesis of ecological potential and stability potential, natural- resources
potential was identified, where taxonomic units are grouped into species and subspecies.
Natural-resources potential of Geo-ecosystems, identified on the basis of the above principles and
criteria was conducted in terms of the same assessment scale. This is due to the necessity of bringing
the various systems into a single measure. Consequently, the coefficient of variation and inaccuracy is
negligible for spatial values. The smallest areas require more detailed large-scale studies.
4. CONCLUSION
Exploratory research in the region has identified ways to use environmental and economic assessment
of natural-resources potential of the area based on the study of ecological potential.
Geo-ecosystems identified on the basis of mapping the combined indicators of natural, environmental
conditions and economic potential are formed and developed under modern technogenesis and other
increasing anthropogenic factors.
Based on the estimates compiled of natural and economic potential of the region we may carry out the
territorial organization of the region, determine the strategy for socio-economic development of
regions, and develop a landscape inventory. All the above tendencies are necessary for analyzing and
forecasting the investment policy of the state when taking a decision on the use of mineral potential
and water resources.
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Abstract
Processes taking place during the mechanoenzymatic hydrolysis of the polymers of Saccharomyces
cerevisiae yeast cell walls were studied experimentally. It was demonstrated that the mechanical
treatment of the yeast biomass allows one to change the supramolecular structure of the cell wall
polymers and increase their reactivity toward enzymatic hydrolysis. Changes of the supramolecular
structure of yeast cell wall polymers occurring during mechanically activated enzymatic hydrolysis
were visualized. The yields of mannanoligosaccharides and mannoproteins were determined.
Key words: mechanoenzymatic hydrolysis, yeast biomass, supramolecular structure,
mannanoligosaccharides, mannoproteins.
1. INTRODUCTION
The cell walls of Saccharomyces cerevisiae yeast are a source of polymers that are practically
significant in science, cattle breeding, food industry and other areas (Belousova et al. 1990; Babayan
and Latov 1992; Lazzari 2000; Liu et al. 2008). Methods of handling the yeast biomass for the purpose
of extracting these compounds may be divided into two groups (Middelberg 1995): mechanical
methods involving treatment in various disintegrators, and non-mechanical ones among which the
most widespread methods are chemical and enzymatic ones based on the treatment with alkalis, acids
and enzymes.
Mechanical methods of processing the yeast biomass in ball or bead mills, flow disintegrators, highpressure homogenizers were described in detail in (Bartnicki-Garcia and Nickerson 1962; Sucher et al.
1975; Kim and Yun 2006; Heim et al. 2007). The major goal of early works on mechanical
disintegration of microorganisms, carried out as long ago as in early 40es, was to achieve the maximal
destruction of cells in suspension. Modern high-strain devices provide the destruction of 90-95 % of
yeast cells within several minutes. The majority of works published in this area are aimed at the
general extraction of the components of biomass (proteins, nucleic acids, glucan); changes of the
structure of cell wall polymers had not been described.
Quite contrary, non-mechanical methods allow one to perform selective isolation of the target
components of yeast biomass. The classical methods of separation of the yeast cell wall components
have been described in detail; they are based on differences in the solubility of cell wall polymers in
acids, alkalis, Fehling solution, iodine solution and other reagents, and allow one to obtain purified
preparations of mannoproteins, -1,3- and -1,6-glucan (Bartnicki-Garcia and Nickerson; Manners et
al. 1973a, 1973b). The major problem of non-mechanical methods is the low yield of components,
time-consuming and labour-intensive procedures, and the necessity to use large volume of solvents.
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The development of enzymatic methods allowed one to optimize the processes of obtaining yeast cell
wall polymers. For research purposes, a complicated stage-by-stage treatment with separate enzymes
is applied, resulting in polymers in the pure form (Hernando et al. 1993; Van Der Vaart et al. 1995;
Shimoi et al. 1998), while for industrial purposes, to obtain the fractions enriched with target
components, treatment with complex enzymatic preparations or autolysis of the biomass is used.
The authors of (Kitamura et al. 1982; Kanegae et al. 1989; Latov et al. 1990; Babayan and Latov
1992; Howes and Newman 2000) proposed the methods to obtain yeast extracts enriched with amino
acids, short peptides, polysaccharides, or partially hydrolyzed cell walls. For this purpose, initiators
are added to the yeast suspension; these are the substances in the presence of which autolysis proceeds
more efficiently (toluene, ethanol, ethylacetate etc.). Autolysis is to be carried out for a long time.
Complex enzymatic preparations are often added to the suspension of biomass to intensity the process
(Kitamura et al. 1982; Freimund et al. 2003; Liu et al. 2008). This approach allows obtaining the
extract enriched with target components and is often used in the cases when it is necessary to
transform the cell wall polymers into the soluble form. Disadvantages of these methods include the use
of toxic and inflammable substances as initiators, the liquid medium in which the reaction is to be
carried out, which is connected with the necessity to evaporate the mixtures of water with organic
initiator to obtain the final product.
Mechanoenzymatic hydrolysis, which is a combination of mechanical activation and subsequent
treatment with enzymes, provides a novel and promising method of processing yeast biomass and
other kinds of biological renewable raw materials (Golyazimova et al. 2009; Bychkov et al. 2010; He
et al 2010). Under laboratory conditions, this method ensures an increase in the yields of target
components and the rates of enzymatic reactions, but data of ultrastructural study, which can explain
presented effects, didn’t illustrated in article (Bychkov et al. 2010) absolutely.
We propose the scheme of mechanoenzymatic hydrolysis which is devoid of the shortcomings
inherent to the classical enzymatic hydrolysis of biomass because liquid-phase stages and the use of
organic solvents are excluded. The resulting product appears as dry tablets or granules. The major
factor restraining the industrial application of laboratory developments is the lack of fundamental
knowledge about the processes that occur during mechanical activation and subsequent enzymatic
hydrolysis.
Mechanoenzymatic hydrolysis of yeast biomass is a promising method of obtaining preparations
containing mannanoligosaccharides and mannoproteins. These compounds possess the ability to block
up bacterial lectins – proteins that are responsible for bacteria binding with the surface of eukaryotic
cells including the cells of animal gastrointestinal mucous membrane (Firon et al. 1982; Speights and
Downing 1991; Emmerik et al. 1994), and also for binding heavy metals (Oda et al. 1988). These
properties bring mannanoligosaccharides to the series of promising preparations elevating the
productivity of cattle breeding, and determine the necessity of optimization of their production.
In the present work, we studied the processes that occur during mechanoenzymatic hydrolysis of the
yeast biomass. The results obtained indicate that the mechanical treatment of yeast biomass in highenergy activators changes the supramolecular structure of cell wall polymers, which increases their
reactivity in the reactions of subsequent enzymatic hydrolysis. The data illustrating the processes
involved in activated enzymatic hydrolysis are presented. The yields of mannanoligosaccharides and
mannoproteins are determined.
2. MATERIALS AND METHODS
2.1. Reagents and Materials. D(+)-Glucose (99%, Acros Organics), D(+)-mannose (99%, Acros
Organics), H2SO4 (chemically pure grade) GOST 4204-77, carbazole (95%, Sigma Aldrich), AgNO 3

26

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
(chemically pure grade) GOST 1277-75, rectified ethanol (of the highest purity grade, GOST 516522000), OsO4 (Sigma Aldrich), uranyl acetate (Sigma Aldrich), lead citrate (Sigma Aldrich), epon 812,
epon DDSA, araldyte (Sigma Aldrich) were used.
The yeast species Saccharomyces cerevisiae GOST (State Standard) 171-81 (Novosibirsk Yeast Plant,
Novosibirsk, Russia) was used in the study. The choice of this kind of yeast, better known as baker's
yeast, is due to its widespread character and well-mastered technology of large-scale production at
yeast plants.
Enzymatic complex Celloluxe 2000 (Joint-Stock Company Sibbiofarm, Berdsk, Novosibirsk Region,
Russia) consists of a mixture of enzymes formed during drying the cultural liquid of Trichoderma
reesei (viride). The preparation includes xylanase – 8000 U/g, cellulase – 2000 U/g, -glucanase – up
to 1500 U/g, glucoamylase – 20 U/g.
Light microscopy was carried out using the Axioplan-40 microscope (Zeiss, Germany). The
suspensions of the initial and treated yeast biomass were deposited onto the glass slides without
fixation and examined by the phase-contrast mode.
Ultrastructural studies have been performed on -600 electron microscope (Hitachi, Japan) at the
accelerating voltage of 75 kV. Ultrathin sections were made on Reichert ultramicrotome (Reichert,
Austria).
Diffraction patterns were recorded with the help of Bruker instrument (Germany) (CuK radiation).
2.2. Mechanical activation of the dry biomass of S. cerevisiae was carried out in a planetary-type
activator AGO-2 for 2 minutes (centrifugal acceleration: 200 m/s2). Milling bodies were steel balls 4
mm in diameter. The ratio of yeast mass to the mass of milling bodies was 1:50.
2.3. Mechanoenzymatic hydrolysis of yeast biomass. The dry mixture of S. cerevisiae and 10 %
enzymatic complex Cellolux 2000 was treated mechanically in the planetary-type activator AGO-2 for
2 minutes (centrifugal acceleration: 200 m/s2). The resulting powder was pressed to form a tablet at a
pressure of 10 kg/cm2, and warmed at a temperature of 45 C for 28 hours. The resulting product was
used for chemical and microscopic analysis.
2.4. The amount of destroyed cells was evaluated by the method based on differences in dye sorption
by live cells (they are weakly stained) and dead ones (heavily stained) (Borzani and Vairo 1958;
Borzani 1960). The 200 l solution of methylene blue (1.0 mg/ml) was added to 1 ml of the
suspension of yeast biomass (3 mg/ml); the mixture was placed in a thermostated shaker for 10
minutes at 25 C with the mixing rate of 900 r.p.m. The suspension was centrifuged; the concentration
of the dye was determined in the supernatant using UV/VIS spectrophotometer Unico-2800 (USA),
wavelength 665 nm. The calibration straight line was plotted under similar conditions with the help of
the mixtures of initial and destroyed cells obtained by boiling for 10 minutes.
2.5. Evaluation of the amount of mannanoligosaccharides. To extract mannanoligosaccharides
(including those incorporated into mannoproteins), 1.0 ml NaOH (0.1 M) was added to 200 mg of the
initial or mechanoenzymatically treated yeast biomass, the enzymes were inactivated by heating the
suspension at 100 C for 10 minutes; conservation with sodium azide was carried out. Extraction was
performed in a thermostated shaker (50 C, 2 hours, 750 r.p.m.), and then the suspension was
centrifuged (8000 r.p.m., 15 min). The supernatant was neutralized with 5 % sulphuric acid and used
for quantitative determination of carbohydrates.
The total content of mannanoligosaccharides and mannoproteins was determined using the modified
phenol-sulphuric method; it allows one to determine the content of mannose and glucose both in the
free form and in glycoproteins and oligosaccharides (McMurrough and Rose 1967). Then 85 %
sulphuric acid, 5 ml, and 300 l of the solution of carbazole were added to 200 l of the alkaline
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extract of mannanoligosaccharides, the mixture was stirred and placed in a boiling water bath for 10
minutes. The samples were cooled to the room temperature and examined with the UV/VIS
spectrophotometer Unico-2800 (USA) at 440 nm and at 540 nm. The extinction coefficients of glucose
and mannose were determined from the calibration plots.
2.6. Evaluation of the content of mannanoligosaccharides not bound with proteins. Ethyl alcohol was
added to the extracts of the initial and treated yeast biomass until the concentration of 70 % was
achieved; the mixture was left for night at a temperature of 2 C. Mannoproteins and other proteins
precipitated; they were separated by centrifuging (15 minutes, 7000 r.p.m.) and rejected. The
concentration of mannanoligosaccharides not bound with proteins was determined in the supernatant
using the modified phenol-sulphuric method.
2.7. Evaluation of cellulosolytic activity. Portions of 1.0 ml of the solution of Cellolux 2000
preparation with the concentration of 3 mg/ml were added to each weighed portion of glucan, 50 mg.
The suspension was incubated in a thermostated shaker at a temperature of 45 C for 1 hour (mixing
frequency: 1100 r.p.m.). After that, the suspensions were kept for 15 minutes at 95 C in order to
inactivate the enzyme. Undissolved glucan residue was removed by centrifuging for 10 minutes at a
frequency of 7000 r.p.m., and the liquid above the precipitate was used to determine the amount of the
formed glucose using the modified phenol-sulphuric method. The amount of free glucose (in
milligrams) obtained by hydrolysis of glucan for 1 hour with one milligram of the enzymatic
preparation Cellolux 2000 was taken as the unity of the activity of cellulosolytic preparation.
2.8. Preparation of samples for electron microscopy. The samples of the initial raw material and the
product of mechanical treatment of yeast were fixed using 1 % solution of OsO4. Hanks’ solution was
used as a buffer. Dehydration was carried out in the solutions in ethanol, with increasing
concentration, and in acetone. The samples were embedded in epon-araldite mixture. Ultrathin
sections were contrasted with uranyl acetate and lead citrate.
2.9. Preparation of samples for electron microscopic studies of the changes of cell walls. The
reduction of the ammonium complex salts of silver and the formation of metal silver was used to
reveal the regions of cell walls containing the end aldehydes groups of glucan and to evaluate the
degree of imperfection of these regions. The working solution containing water (10.0 ml), 1.0 mM
solution of AgNO3 (1.0 ml), concentrated ammonia solution (300 l), was taken in the amount of 1 ml
and added to the weighed portion (200 mg) of the initial biomass or the product of mechanoenzymatic
hydrolysis. The mixture was kept at room temperature for 24 hours and used for electron microscopic
examination. Preparations for electron microscopy were fixed with 4 % solution of paraformaldehyde;
embedded in epon-araldite mixture, without treatment with OsO4; ultrathin sections were not
contrasted.
3. RESULTS AND DISCUSSION
3.1. Mechanical activation
3.1.1. Destruction of yeast biomass cells
Analysis of the shape of curve (Fig. 1) shows that within 40 seconds after the start of mechanical
treatment the energy supplied to the sample is consumed mainly for grinding the biomass particles to a
definite limit. At about forty seconds of treatment, a bend is observed on the curve; it may be linked
with cessation of grinding the biomass material and the start of efficient mechanical destruction of
cells.
The shape of the curve of microorganism’s destruction is most reliably described by the exponential
law (Heim et al. 2007),
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Fig. 1. Dependence of the amount of destroyed cells on the treatment time: – experimental data, b –
theoretical curve plotted as the exponential law of the destruction of microbial cells.
Substitution of the experimental data in this equation demonstrated satisfactory degree of
approximation and allowed us to estimate the time necessary for the destruction of all the cells of the
biomass; this time is 15 minutes.
Determination of the optimal conditions of mechanical treatment requires a special approach. On the
one hand, some destroyed cells are necessary for mechanoenzymatic hydrolysis to proceed (see
below); and some time is necessary to obtain them. On the other hand, an increase in the time of
treatment causes mechanical and thermal denaturation of enzymes and target components. Activation
time used in our experiments was equal to 2 minutes. It was shown previously (Bychkov and
Lomovskii 2010) that the chosen time is optimal: some cells get destroyed while the enzymes
conserve their activity.
3.1.2. Disordering of the supramolecular structure of cell wall polymers
The morphology of yeast cells changed dramatically after mechanochemical treatment. The
ultrastructure of intact cell walls (Fig. 2A) corresponds to the published data: -glucan forms electrontransparent layer in the centre of the cell wall; mannoproteins, due to the interaction with osmic acid
(Nielson and Griffith 1979), form two electron-dense layers at the external and internal surfaces of
glucan. Mechanical treatment causes damage and destruction of the major part of cells, the preparation
represents an electron-dense mass in which the fragments of cell walls and deformed cells with broken
walls are observed (Fig. 2B). The structure of cell walls after mechanical treatment is disordered, the
walls look homogenous. The layers of mannoproteins and -glucan, clearly separated from each other
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in the intact cell walls, now become fuzzy, possibly due to the partial penetration into each other,
which is an evidence of the violation of the supramolecular structure of cell wall polymers. Thus, a
change of the reactivity of the mechanically treated biomass in subsequent enzymatic hydrolysis may
be assumed.

Fig. 2. Morphology of yeast cells before mechanical treatment (A) and after mechanical treatment (B).
Ultrathin sections of preparations fixed with osmium tetraoxide. Scale bar: 1 m.
To determine the contribution of -glucan different types into the reactivity of the initial and
mechanically treated cell wall, we carried out an experiment: the carbohydrate components ( -glucan)
of cell wall (Table 1) were isolated, purified and characterized by means of physicochemical analysis,
and subjected to mechanical treatment. It was shown that all the types of -glucan of cell wall are able
to get hydrolyzed with the enzymes of Cellolux 2000 complex. However, the reactivity of
supramolecular complexes composed of these polymers is much lower than the reactivity of individual
components. Thus, the complex of alkali-insoluble -glucan does not get hydrolyzed with the
enzymes, in spite of rather high reactivity of the acid-soluble -1,6-glucan and acid-insoluble -1,3glucan incorporated in the complex.
Table 1. Reactivity of -glucans of cell wall in the processes of enzymatic hydrolysis with Cellolux
2000.
Polymer
Alkali-soluble -1,3-glucan
Alkali-insoluble -glucan
- acid-soluble -1,6-glucan
- acid-insoluble -1,3-glucan
Alkali-insoluble -glucan after treatment for 5 minutes

Activity of Cellolux 2000, units/g
250
14
220
114
26

To increase the activity of the complex of alkali-insoluble glucan, we carried out mechanical
disordering of the polymer supramolecular structure. Mechanical activation of alkali-insoluble glucan for 5 minutes resulted in increase in its reactivity almost by a factor of 2 (Table 1), which can
be explained by disordering of the molecular structure of the complex of alkali-insoluble glucan and
by amorphization of crystal regions of glucan structure. The contribution of glucan crystal regions
amorphization into reactivity increase was estimated by means of X-ray phase analysis. The X-ray
diffraction pattern of alkali-insoluble -glucan is shown in Fig. 3.
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Fig. 3. X-ray phase analysis of alkali-insoluble -glucan: – -glucan before mechanical treatment, b
– -glucan after mechanical treatment for 5 minutes.
Within the 2 angle range 10 to 30 , a noticeable decrease of the intensity of reflection with the
maximum at 2 = 20 is observed, which evidence for a decrease of glucan crystallinity in the result of
mechanical activation.
3.1.3. The yield of mannanoligosaccharides
The yield of mannanoligosaccharides increases in the result of mechanical treatment of yeast biomass.
It is known that under these conditions it is possible to extract -bound mannanoligosaccharides,
which are low-molecular, weakly branched and possessing potentially low antibacterial activity, and
mannoproteins containing N-bound mannanoligosaccharides, which are high-molecular, possessing
branched dendritic structure and high potential antibacterial activity (Klis et al. 2002). Employing
differences in the solubility of proteins and oligosaccharides in concentrated ethanol solutions, we
succeeded in separating the extract into mannoprotein and mannanoligosaccharide fractions. Chemical
analysis showed that 1.0 % of protein-bound mannanoligosaccharides (mannoproteins) and 1.1 % of
individual mannanoligosaccharides not bound with proteins pass into the extract. This is more than the
fraction passing into the extract from the initial biomass: 0.2 % of mannoproteins and 1.1 %
mannanoligosaccharides.
The transfer of mannoproteins into the extract is the evidence of the alteration of the supramolecular
structure and rupture of covalent bonds binding mannoproteins with other components of cell walls,
mainly with -glucan. In addition, mannoproteins contain N-mannanoligosaccharides possessing
branched structure, which are potentially suitable for the sorption of pathogenic bacteria.
3.1. Enzymatic hydrolysis
3.2.1. Autolocalization of enzymatic hydrolysis
To elevate the yield of mannanoligosaccharides, we proposed the treatment scheme that we called
mechanoenzymatic hydrolysis. In this scheme, the stage of mechanical activation of the mixture of
substrate and enzyme precedes the stage of enzymatic hydrolysis. In order to increase the reactivity of
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the cell wall polymers, at the first stage the biomass of S. cerevisiae is subjected to mechanical
activation with the enzymatic complex Cellolux 2000. At this stage, the enzymes get distributed over
the sample volume, a part of cells get destroyed, and the supramolecular structure of cell wall
polymers gets disordered, which causes an increase in the reactivity. The second stage involves
compacting of the powder and allows one to prevent the loss of water which is necessary for
hydrolysis, and to increase the volume concentration of the enzyme. At the third stage (warming of the
compact at the temperature at which the enzymes act), hydrolysis of -glucan occurs. The destroyed
cells that appear at the first stage serve as the centres on which the reaction starts (centres of
localization). Intracellular content released from the destroyed cells dissolves the enzymes that were
added to the biomass at the first stage. The enzymes are sorbed at the substrate and catalyze
hydrolysis.
It was shown that the enzymatic hydrolysis proceeds in the compact only when the first two stages are
realized: uniform mechanical distribution of the added enzymes over the volume of the biomass,
formation of destroyed cells serving as the centres of localization of enzymatic hydrolysis, disordering
of the supramolecular structure of cell wall polymers, provision of the continuity of medium and
increase in the volume concentrations of enzymes.

Fig. 4. a – micrograph of yeast biomass after mechanical treatment, b – micrograph of the reaction
zone of cell hydrolysis. Phase-contrast microscopy. Scale bar: 10 m.

Fig. 5. Scheme of autolocalized enzymatic hydrolysis: a – mechanically destroyed cell, b – initial cell,
– hydrolyzed cells, d – particles of non-reacting enzymes, e – particles of reacting enzymes.
Microscopic investigation of the samples of yeast biomass before and after enzymatic hydrolysis
showed that some cells get destroyed as a result of mechanical activation and are likely to play the role
of centres of localization of hydrolysis during the subsequent warming of the compact (Fig. 4 ). The
microphotograph of the warmed yeast biomass clearly exhibits the reaction front, the central zone of
dead cells with the contents escaped outwards, and the peripheral zone of cells that remain unachieved
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by the reaction front and that maintain the structure of intact cells (Fig. 4 ). It is evident that the
reaction proceeds in the volume in the autolocalized manner, that is, through reaction rise in the
localization centre and gradual propagation of the transformation zone (Fig. 5).
3.2.2. Disordering of the supramolecular structure of the cell wall polymers
Mechanoenzymatic treatment, similarly to mechanical activation, leads to damage of cell walls, the
cytoplasm and organelles get destroyed and form electron-dense osmiophilic mass localized between
the cell walls (Fig. 6). Electron-dense particles 12-25 nm in size is observed in cell walls; they are
likely to be the complexes of glycoproteins with osmic acid. No particles of this kind were revealed
during the ultrastructural examination of the initial and mechanically activated yeast biomass. Perhaps
they appear as a consequence of enzymatic hydrolysis of -glucan, which removes the obstacles for
the diffusion of reagents, in particular, osmium tetraoxide.

Fig. 6. Walls of yeast cells and cell debris after mechanoenzymatic treatment. Ultrathin section of the
preparation fixed with osmium tetraoxide. Scale bar: 0.5 m.

Fig. 7. The initial cell of S. cerevisiae treated with silver nitrate (A), and the fragments of cell
membranes after mechanoenzymatic hydrolysis (B). Ultrathin sections. Scale bar: 1 m.
To reveal changes of -glucan, we used the reduction of the ammonia complex of silver nitrate.
During the treatment of S. cerevisiae with silver nitrate (Fig. 7A), the electron-dense material
corresponding to the product of the reduction of the ammonia complex of silver nitrate by
carbohydrates is revealed inside the cells; the formation of metal silver is not observed in cell walls
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and in the intercellular space. This is an evidence of the weak reducing activity of the cell wall and of
the fact that the water-soluble part of the sample is depleted of carbohydrates.
The enzymatic treatment of mechanically treated yeast biomass leads to a pronounced enhancement of
the reduction of the ammonia complex of silver nitrate. The preparations contain not only the residues
of destroyed cells having the highly electron-dense character but also «colored» cell walls in which
electron-dense particles can be seen (Fig. 7 ). The formation of the latter may be connected with the
hydrolysis of polysaccharides leading to the accumulation of reducing aldehydes groups in the wall.
These groups are potential centres of nucleation of metal silver (Klaus et al. 1999; Strizhko et al. 2003;
Shin et al. 2008).
The results obtained provide evidence in favour of -glucan depolymerization during enzymatic
hydrolysis; it leads to disordering of the structure of cell wall polymers. However, the cell wall
maintains its integrity. A consequence is a decrease in the density of cell walls and increase in
diffusion coefficients for reagents or extracting agents.
3.2.3. Yield of mannanoligosaccharides
Chemical analysis of the extract of the product of mechanoenzymatic hydrolysis showed that the yield
of hydrolyzed glucan is equal to 22 %, while the yield of mannanoligosaccharides is 3.8 % (2.7 % in
the form of mannoproteins and 1.1 % in the form of mannanoligosaccharides) of the amount of the
initial S. cerevisiae biomass. The yield of mannanoligosaccharides is higher than that obtained after
extraction of the initial biomass (0.2 % mannoproteins and 1.1 % mannanoligosaccharides) and higher
than after the single-stage mechanical treatment (1.0 % mannoproteins and 1.1 %
mannanoligosaccharides).
4. CONCLUSIONS
Results of the study allow us to formulate the basic statements of the physicochemical model
describing the mechanoenzymatic hydrolysis of yeast biomass:
•
mechanical treatment alters the integrity of yeast cells and supramolecular structure of cell
wall polymers. The structural layers of the cell wall get disordered and acquire the diffuse character,
•
alkali-soluble -1,3-glucan is most reactive, while -1,3-glucan is the least reactive in the
reactions of enzymatic hydrolysis. Mechanical treatment increases the reactivity of -1,3-glucan due to
disordering of its structure,
•
the stage of compacting provides permanent tight contact between the cells of the biomass,
which promotes the fast propagation of the reaction front and increase of the enzyme volume
concentration of in the reaction zone,
•
at the stage of warming-up, enzymatic hydrolysis of -glucan of cell walls occurs; the reaction
proceeds in the autolocalization mode. The cells destroyed during mechanical treatment serve as the
centres of hydrolysis localization. The propagation of the interface between the initial and hydrolyzed
cells is provided by the appearance of the solution of enzymes in the reaction zone,
•
the product formed as a result of mechanically activated enzymatic hydrolysis is composed of
partially hydrolyzed cell walls containing mannanoligosaccharides and mannoproteins available for
sorption of bacteria,
•
mechanoenzymatic hydrolysis increases the availability of mannanoligosaccharides and
mannoproteins for extraction. The percentage of mannanoligosaccharides and mannoproteins passing
into the alkaline extract is 1.1 % and 2.7 %, respectively.
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Abstract
The paper describes the Informational - Analytical System, developed for automatization,
formalization and standardization the process of greenhouse gas inventory in Khanty - Mansiysk
Autonomous Okrug of Russia. The system is designed in accordance with recommendations of
"Guidelines for National Greenhouse Gas Inventories" (IPCC 2006). The system provides collection,
storage, processing and analysis of data, as well as preparation of required forms and reports. The
system consists of four subsystems: “Database processing”, “Report generation”, “Data export and
import”, “System kernel”. The system is implemented as a program (executable file), the database file
and auxiliary files for personal computer with MS Windows version XP SP2 or later.
Key words: greenhouse gas, inventory, methodology, Guidelines for National Greenhouse Gas
Inventories, informational - analytical system, information model, functional characteristics.
1. INTRODUCTION
Adopted in 1992, United Nations Framework Convention on Climate Change (UN 1992) had laid the
foundation of international greenhouse gases (GHG) management. The Convention foresees
development, periodical update and publication of “national inventories of anthropogenic emissions by
sources and removals by sinks of all greenhouse gases not controlled by the Montreal Protocol, using
comparable methodologies to be agreed upon by the Conference of the Parties” (UN 1992, p. 6).
At present time almost all UN members have accepted the Convention.
Russia has ratified the Convention in 1994 and included in the international process of GHG
management. Since 1994 a few generalized assessments of GHG emissions have been fulfilled for
territory of Russia as a whole.
Some of Oblasts and Districts of Russian Federation develop their own GHG inventories, in order to
have an information basis for efficient GHG management at the regional level.
In this paper we present the Informational - Analytical System for Greenhouse Gas Inventory,
developed for Khanty - Mansiysk Autonomous Okrug (KMAO) of Russia in accordance with
recommendations of Framework Convention on Climate Change (UN 1992).
2. OBJECTIVES AND METHODOLOGY
2.1. Objectives of work and general methodological approaches
The inventory’s objective is collecting of the information about volumes and sources of GHG
emissions and removals over the period 1990-2010, creating the system of GHG accounting and
management at the KMAO territory.
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The inventory is conducted on the basis of the methodological approaches and recommendations,
described in the following documents:
• Guidelines for National Greenhouse Gas Inventories (IPCC 2006);
• Good Practice Guidance for Land Use, Land-Use Change and Forestry (IPCC 2003);
• Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories
(IPCC 2000);
• Information on Global Warming Potentials (UN 2004);
• Analysis of possible means to reach emission reduction targets and of relevant methodological issues
(UN 2008).
The objective of the Informational - Analytical System’s creation is automatization, formalization and
standardization of GHG inventory process. The System must provide data collection, processing and
analysis, as well as creation of required forms and reports.
The System is based on the methodology, which is recommended by the IPCC for National
Greenhouse Gas Inventories' creation (IPCC 2006).
Though this methodology was developed for national inventories, it may be used for regional
inventories too, that provides getting of all reporting documents in comparable form for further
national and international use.
The methodology includes approaches of three complexity levels (IPCC 2006).
Level 1 - basic. Level 1 foresee the use of accessible national and international statistical data in
combination with emission's coefficients on default, as well as some additional parameters, suitable
for all countries. The calculations are conducted on standard worksheets, where the calculation
algorithm is presented step by step.
Level 2 - intermediate. As a rule, this level requires the use of some specific characteristics for
considered territory together with the coefficients and parameters on default, which are used at the
Level 1.
Level 3 - the most complicated. This level foresees emissions calculation for each separate enterprise
with further summing of all results obtained. The methods of this level may be used if corresponding
statistical information is available for majority of enterprises.
In accordance with requirements specification, the Informational - Analytical System takes into
account 6 greenhouse gases:
• carbon dioxide (CO2);
• methane (CH4);
• nitrous oxide (N2O);
• hydrofluorocarbons (HFCs);
• perfluorocarbons (PFCs);
• sulphur hexafluoride (SF6).
The GHG precursors are not considered. Detailed GHG inventory on categories of sources and
removals is conducted over the Okrug as a whole. The GHG emission's estimations for separate
municipalities are not conducted at present stage.
All emission sources and removals are divided into 4 sectors in accordance with IPCC 2006:
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• “Energy”;
• “Industrial Processes and Product Use” (“IPPU”);
• “Agriculture, Forestry and Other Land Use” (“AFOLU”);
• “Waste”.
Each sector includes individual categories and sub-categories of sources and removals which are
determined by IPCC 2006. Total emissions and removals are calculated in any sector by summation of
the emissions and removals for corresponding categories and sub-categories.
2.2. Methods of inventory and data sources on the sectors
2.2.1. Sector “Energy”
The GHG emissions on this sector constitute about 95 % of sum GHG emission in KMAO. Because of
that, the special attention is paid to this sector.
The methods of Level 1 are used for calculating the GHG emissions from the fossil fuel combustion.
The methods involve the use of the data on the combusted fuel's quantity and of the average emission
coefficients, which differ for different gases and also depend on the fuel quality and combustion
technology. Due to absence of the specific data on the fuels, default emission coefficients (IPCC 2006)
are used. The following statistical data on fuel are used as the source of input information on this
category:
• Data on the rests, receipt and consumption of fuel and energy resources, collection and use of the
fulfilled mineral oil;
• Data on use of fuel, heat energy and the electric power on production of separate kinds of production,
works (services);
• Data on production and distribution of electric energy;
• Data on work of heat power plants;
• Data on supply by heat energy.
The fugitive emissions occur during the extraction, processing and delivery of fossil fuels, as well as
during the combustion of associated gas at the flares. In common case, two types of activities are
considered as the sources of fugitive emissions: coal mining and activities in petroleum sector. Due to
absence of coal mining in KMAO, this issue is not considered. The emissions from activities in
petroleum sector are calculated using the methods of Level 2 and 3, involving the quantitative data
about the activities, specific emission coefficients for the whole territory and for the separate
enterprises. The following information sources are used for this category:
• Statistical data on operation of oil and gas wells;
• Data of enterprises: volume of extraction, composition of the associated gas, gas factor.
2.2.2. Sector “IPPU”
Common methodology foresees an estimation of the emissions from each industrial process (with
indication of the corresponding data on the product and activities). The main sources of such
emissions are the processes, at which chemical or physical transformation of row materials takes
place. The preliminary analysis has shown that almost all categories of sector IPPU are not key ones
from the point of view of GHG emissions. Therefore the methods of Level 1 will be applied for
emissions estimation in this sector with use of the default emission coefficients (IPCC 2006). The
following statistical data are used as the input information source for this category:
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• Statistical collection. Manufacture of the major kinds of an industrial output on KMAO in 20052010;
• Data on production and shipment of the goods and services;
• Data on consumption of fuel, heat energy and electric power on manufacture of separate kinds of
production, works (services);
• Data on production and distribution of electric energy.
2.2.3. Sector “AFOLU”
In “AFOLU” sector the emissions from livestock farming, crop production, forestry and land use are
estimated. Inventory in this sector is spent with use of the Level 1 methods. The data on activity
undertake from the following statistical and administrative sources:
• Data on the production of animal industries and total number of livestock;
• Data on condition of animal industries;
• Data on an estimation of a total number of livestock and a bird, areas under crops in population
farms.
• Data on reproduction of woods;
• Data on forest fires;
• Data on protection of woods;
• Data of Department of Natural Resources and Not Raw Sector of Economy of KMAO;
• Data of Department of a Forestry of KMAO;
• Data on application of fertilizers and chemical melioration;
• Data on harvesting of agricultural crops.
2.2.4. Sector “Waste”
In sector "Waste" the emissions from the following activities are taken into account: solid waste
disposal; incineration and open burning of waste; treatment and discharge of wastewater. The
combination of the methods of Level 1 and 2 is used for calculations.
The following sources of the information are used for the inventory in this sector:
• Data on population and norms of waste formation per capita;
• Data on formation, use, neutralization and placing of production and consumption waste;
• Data on the content of separate components in waste;
• Data on the quantity of incinerated waste;
• Data on quantity, quality and treatment technologies of the wastewater.
Official data about waste composting are absent in KMAO, so the emissions on the category
"Biological treatment of solid waste" are not considered.
3. INFORMATION MODEL OF THE SYSTEM
The System operates with the following data types:
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• Input data - statistical information (national and international); coefficients and parameters of
emission on default (common for all countries); specific parameters for whole KMAO territory and
for each considered enterprise;
• Output data - worksheets, standardized reports, analytical and graphical data;
• Reference information - international and national legislation, guidelines, norms, standards, etc.
The output documents are prepared in accordance with IPCC 2006 (Annex 8A.2: Reporting Tables)
and they are the following:
• Summary Table on the sectors: Energy, IPPU, AFOLU, Waste (Table A);
• Short Summary Table on the sectors: Energy, IPPU, AFOLU, Waste (Table B);
• Summary Table on the sector Energy (Table 1);
• Energy Background Tables (Tables 1.1-1.5);
• Summary Table on the sector IPPU (Table 2);
• IPPU Background Tables (Tables 2.1-2.12);
• Summary Table on the sector AFOLU (Table 3);
• AFOLU Background Tables (Tables 3.1-3.10);
• Summary Table on the sector Waste (Table 4);
• Waste Background Tables (Tables 4.1-4.3);
• Trends of gases Tables (Tables 6

,F);

• Table of Uncertainties (Table 7A);
• Sheet of Quality control;
• Analytical Reports.
The information model of the System is presented at Fig. 1.
4. FUNCTIONALITY OF THE SYSTEM
In terms of functionality, the System is designed for using at one workstation and at present stage does
not allow multiple users to work together across LANs and WANs.
The System requires personal computer with MS Windows version XP SP2 or later. It is implemented
as a program (executable file), the database file and some auxiliary files.
The System provides protection the data from unauthorized access by identifying of user by means of
couple Login - Password. The level of access to specific system functions (input, modify, copy,
import, export, reports) differs depending on the category of user. The database is encrypted with
reliable algorithm.
The System is divided into four subsystems.
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Fig. 1. The information model of the Informational - Analytical System for GHG Inventory.
“Subsystem of Database Processing” provides input, control, editing and sampling of the information.
The subsystem is implemented using “Absolute Database” format (ComponentAce 2003-2012), that
provides full compatibility with standard DB-aware controls, strong encryption and compression, high
speed, high reliability and all others necessary features.
“Subsystem of Report Generation” is used to create, visualize and print reports. It is implemented
using “FastReports” technologies (Fast Reports 1998-2011). Reporting forms include standard tables
and reports for each year of the inventorization, as well as necessary analytical reports.
“Subsystem of Data Export and Import” provides automatic entry of raw data from the electronic
records, statistical reports and from other documents containing needed information. Subsystem is also
used to export raw data and calculation results to other systems in common formats (XML, CSV).
Subsystem also provides export into PDF and XLS formats of the reports, created in the “Subsystem
of Report Generation”.
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“System Kernel” is used to communicate between other subsystems, as well as for the implementation
of the algorithms, mathematical calculations and data analysis.
The System also includes an “Analytical block”, which allows:
• Presentation in the tabular view:
• Ranked list of sources categories of GHG emissions and removals (including each category's
contribution into sum emissions or removals);
• Average level of GHG emissions and removals over determined period of time;
• Emissions' reserve relative to basic level and limits for future;
• Target levels of GHG emission and removal;
• Presentation in the graphical view:
• Time series of GHG emissions and removals;
• Contribution of separate sources categories in sum GHG emission over any year or a few
years;
• Forecast of GHG emissions;
• Forecast of GHG emissions reduction resulting from the energy efficient projects’
implementation;
• Transferring the analysis outcomes into “Subsystem of Report Generation” for printing out.
5. CONCLUSIONS
The Informational - Analytical System, described above, is a decision support tool in the field of
greenhouse gas management. The System is finished in full accordance with requirements
specification. The System provides data processing using internationally recognised methodologies
and returns all necessary reports in standardised form for use at national and international levels. So,
after approbation and correction (if necessary), the System may be proposed for use in other regions of
Russia.
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IMPROVEMENT OF WATER RECYCLING SYSTEMS
FOR WATER MINING ENTERPRISES
Alexander S. Tutygin, Anna A. Shinkaruk, Maria A. Frolova, Arkady M. Aisenstadt
Northern (Arctic) Federal University named after M.V. Lomonosov,
17, Northern Dvina emb., Arkhangelsk, Russia

Abstract
This work considered the method of deposition of saponite-containing slurry, which is a diamond
tailings. It is shown that the application of magnesium chloride as an electrolyte solution significantly
increases the rate of sedimentation of solid-containing saponite suspensions. Sedimentation rate,
defined particle size and zeta potential values of the investigated suspensions were calculated. A
scheme for clarification of saponite-containing suspension, which provides the subsequent use
of clarified water, was proposed.
Key words: saponite-containing suspension, electrokinetic (zeta) potential, electrolytic coagulation,
the degree of clarification.
1. INTRODUCTION
The object of this research is waste from processing of diamond factory (deposit named after M.V.
Lomonosov), located 100 km from the city of Arkhangelsk. The development of this field is produced
over the last ten years and, despite numerous studies on this topic, has not yet solved the problem of
waste disposal, namely saponite-containing suspension, which is due to the nature of the chemical
structure, has a very low rate of sedimentation. Significant amounts of the resulting suspension (up to
500 m3/h) and not solved problem with clarification are predetermine the increase of the volume of
tailings and could have a negative impact on the environment, because uncontrolled dike break
fencing can lead to irreversible consequences.
2. EXPERIMENTAL PART
In the present work the influence of the doubly charged electrolyte solution, added to the saponitecontaining solution, on the deposition rate of solid particle suspensions, on the zeta potential and
particle size were shown. Also proposed flow chart of clarifying wastes and use of clarified water for
water recycling.
Preliminary studies was showed that the addition to the original slurry singly charged electrolytes
(sodium chloride, hydrochloric acid, sodium hydroxide, sodium sulfate) were not significantly
increase the rate of deposition of the solid phase of the suspension. However, the use of these
substances in vivo is impractical from an environmental point of view. Therefore, the search of a
suitable electrolyte was continued.
The solution of magnesium chloride was chosen as an electrolyte. It is known that the substance
(magnesium chloride or mineral “bischofite”) is non-toxic, widely used in national economy (as a
fertilizer, in medicine, as an anti-icing agent) and is very accessible. In addition, aqueous
solutions of salts are not affected by the process of hydrolysis and, therefore, the
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calculated concentration of counter ion (Mg2+), entered into the system does not require taking into
account losses on the secondary reaction of the particles occurring chemical transformation.
At the first stage of the research by measuring the dynamics of the solution turbidity [1] when added
different amounts of MgCl2 to a system its optimal concentration was determined. Its addition is a
violation of sedimentation-diffusion equilibrium in the reaction medium. One of the methods of
determining the optimal concentration of the electrolyte, causing a violation of sedimentationdiffusion equilibrium in the colloid system is calculated from the experimental data of changes in
turbidity of the suspension with the use of optical methods of analysis [2].
Optical characteristics were recorded during the experiments at a wavelength of =520 nm. The
temperature of the solution in all experiments was kept constant 20±10 .
In all experiments, we used the following procedure for preparation of the colloid solution: initial
saponite-containing suspension
was diluted
with distilled
water at
a
ratio
of 1/500(empirically established that with such dilution factor - transmittance values is in the
range 0.2 -1); preparing a solution of MgCl2 with concentration 1 mol/L; to the 50 ml of the diluted
suspension was added 0.25 ml of solution MgCl2 with concentration 1 mol/L for the preparation of
concentration 0.005 mol/L. Solution was thoroughly mixed by bubbling air for 30 seconds, installed in
the spectrophotometer cuvette and fixed value of the transmittance (T) in time.
For
the solution
of
MgCl2
with
concentration in
the
test suspension
of
0.005, 0.010, 0.015, 0.020 mol /L we repeated experience. In addition, in parallel we
measured
the optical
characteristics
of the initial suspension (blank experiment).
The graph of the functional dependence T = f ( ), constructed from experimental data from a series of
experiments with the addition of solution of MgCl2 with different concentrations, shown in Fig.1.
According to the character shown in Fig. 1 can be concluded that the addition of a salt MgCl 2 to the
suspension of saponite significantly increases the rate of sedimentation of particles from solid phase.
The effective time of the electrolyte activity in all series of the experiment is 80-90 min (in addition
of singly charged ions H+ and Na+ this option is 120, and 150 min, respectively).
Fig. 2 shows the transmittance (T) of the suspension depending on the concentration of
MgCl2 solution when exposed reaction mixture is 80 min. The dates, presented in Fig. 2, suggest that
the optimum concentration of electrolyte is in the suspension of 0.015 mol/L, therefore for
the subsequent experiments used this concentration.
The degree of clarification of the suspension (T0) was calculated by the formula (1), and the results of
calculations are presented in Fig. 3 as a function T0 = f ( ):
0=(

1)/( max

1)·100%,

(1)

where
- the value of the transmission for a suspension of the exposure time ,%; T1 - the value of
the transmission at the initial time, %; Tmax - the maximum possible value of light transmission
coefficient (Tmax = 1). The data presented in Fig. 3 show that in 90 min of the experiment the degree of
clarification of the suspension is 75% at a concentration of 0.015 electrolyte. (In comparison with the
results for H+ - 67% for Na+ - 48%).
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Fig.1. Change of transmittance T (%) of the suspension in time ( ) with the addition of MgCl2
concentration in the reaction mixture (mol/L): 1 – blank experiment, 2 – 2,5×10-3; 3 – 5,0×10-3; 4 –
1,0×10-2; 5 – 1,5×10-2; 6 – 2,0×10-2.
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Fig.2. Change of transmittance (T %) of the suspension in depending on the concentration of the
solution MgCl2 (C) during exposure of the reaction mixture 80 min.
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Fig. 3. The value of the degree of clarification, depending on the exposure time of the reaction
mixture: 1 - by adding a solution MgCl2 (concentration 0.015 mol / L) 2 – blank test.
The experimental data allowed to calculate the rate of clarification of the suspension (V=dT/d ). For
this purpose, the approximation of dependences obtained (Fig. 3) by various mathematical functions
was carried. This operation showed that the most adequate experimental data and in this case
is described by a polynomial of degree four:
0=a1·

4

+ a2· 3+ a3

2

+ a4 +b

(2)

Table 1 shows the values of the coefficients of the equation for the tests with the optimal
concentration of the electrolyte.
Table 1. The values of the coefficients of the equation (2).
Coefficients

Concentration of the
electrolyte, mol/L

a1

a2

a3

a4

b

0,015

6×10-6

-12×10-4

68,9×10-3

-19,9×10-2

3,49

The derivative to time of equation (2) is the current speed of the process of clarification of the
suspension.
Graphs of dependences shown in Fig. 4 show that the maximum rate of clarification of the
suspension with the addition of the electrolyte has a value of 1.31 min-1, which is achieved within
30 min after addition of MgCl2 with concentration 0.015 mol /L.
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By the time interval of 90 min the rate of clarification of the suspension is practically zero, which
indicates the completion of the sedimentation of particles under these conditions. It should be
noted that the results of calculating the current rate of spontaneous clarification of the
suspension showed almost increase in this parameter, its maximum by 90 min of the
experiment (1.05 min-1).

Fig. 4. Changing of the rate of sedimentation in time by adding a solution MgCl2: 1 – blank test, and
2 - by adding a solution MgCl2 (concentration of 0.015 mol/L).
In parallel, has been defined particle size (diameter, D) and the value of -potential (examples of
protocols, see Fig. 5 and 6) by clarification of the suspension by the methods of measuring the
dynamic and electrophoretic light scattering analyzer on the submicron particle size and zeta potential
DelsaNano.
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Fig. 5. An example of protocol for determining the particle size on analyzer DelsaNano .
The experimental results were presented in Table 2.
Table 2. The values of -potential and particle size of suspensions
Concentration of the
electrolyte, mol/L

0

0,015

50

Time of
exposure, min
0
30
60
90
120
0
30
60
90
120

-potential, mV

D, nm

-20,62
2300±100
(-16,78)÷(-19,27)
-20,35

(-6,71)÷(-10,36)
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2500
2700
2700
5200
3600
3600
3700

Index of polydispersity
0,891
0,750
0,690
0,653
0,611
0,641
1,484
0,985
0,928
0,991
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Fig. 6. An example of protocol for determining the -potential on analyzer DelsaNano .
The experimental results presented in Fig. 4 and in Table 2, by our opinion, have a good
agreement. Thus, the absolute value of -potential of particles in dispersed phase of the

51

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
suspension has a value less than 35 mV. For most of zols it is a critical value of the potential, that is,
if > | 35 | mV, coagulation was observed. Coagulation in colloidal systems occurs much earlier
than the zol reaches to the isoelectric state ( -potential is zero) and is the faster, the lower the value
of the zeta-potential [1, 3].
In our case, saponite-containing particles having a surface charge of the
= -20mV, are able
to spontaneously enlargement by overcoming the electrostatic barrier due to the forces of mutual
attraction. However, the process proceeds with a low rate. Adding an electrolyte causes a
sharp decrease in the surface charge of particles. The particles reach almost isoelectric state = - (7
÷ 10) mV, which causes a significant increase in the size of the first 30 minutes and as a consequence,
a significant acceleration of the clarification of the suspension.
Index of polydispersity of the initial suspension increased after the addition of an electrolyte in
it, which may indicate the presence of a large system capable to sedimentation, formations, and
not large-sized particles, which are characterized by slow sedimentation. Attention to the fact that due
to the presence of the maximum particle size at 30 min. By our view, this can be explained by a
significant decrease in partial concentration of the solution, which in turn leads to a reduction of
contacts between particles, leading to their enlargement.
The experimental data allowed to calculate the true rate of sedimentation of particles(U) in
studied suspensions. Thus, based on the classical theory of the provisions of sedimentation stability of
colloidal systems [1, 3], and considering that the suspension with sufficiently large particles
are kinetically unstable formations can be written
= (

) ,

(3)

where f - the force of gravity, acting on the particle; V - volume of the particle; g - acceleration of
gravity; d and d0 - density of saponite -containing clay particles and water (0,998 × 103 kg/m3) [2].
The density of the matter of the dispersed phase was determined after a preliminary separation,
drying and grinding in the planetary ball mill Retsch PM100 to the size of 1 micron by standard
method [4]. Since the density of saponite-containing solids phase was 2,555 ×103 kg/m3.
Force f is constant and under they influence the particle moves in a dispersion medium as constant
acceleration. Simultaneously with the force of gravity acting on the particle strength the
viscous resistance of the medium f1:
=3

,

(4)

where D - diameter of the particle; - viscosity of the dispersion medium (1,005 × 10-3Pa.s [5,6]); Usedimentation velocity of the particle. When f = f1 particle starts moving at a constant maximum
speed that can be calculated using the following equation:

considering that
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(r - radius of the particle), the equation (5) takes the following form:
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=

(

)

.

(6)

According to equation (6) the real rate of sedimentation of particles of saponite-containing suspension
in the case-load of experience and expertise with the addition of electrolyte was calculated. Thus,
the spontaneous deposition of particles of the solid phase is characterized by a nearly constant
rate, equal to 2,12 ÷ 2,95 cm/h. With the introduction of the slurry concentration of MgCl 2 1,5 × 102
mol/l, sedimentation rate of particles increases to 10.91 cm/h.
The addition of magnesium chloride solution to the saponite-containing suspension significantly
increases the rate of sedimentation in a dilute condition for the original pulp was shown.
It should be noted that the clarified water in the use of additives have the transmission coefficient
close to unity (0.97), and in settling time of 70-90 minutes for the initial slurry volume, sediment is
about half of the total and about 50% of the clarified water, which can used for water recycling, or for
other needs of the factory.
In order to optimize the process of the adding of electrolyte and the time of intervals obtained by the
action of the coagulant, a model plant for gradual clarification of pulp, which is presented in Figure 7,
was proposed.

Fig. 7. A model plant for gradual clarification of pulp.
3. CONCLUSIONS
The possibility of using as the electrolyte-coagulant the magnesium chloride for clarification
of saponite-containing suspensions was shown.
Deposition rate of solid particles of the suspension, the values of zeta potential and particle size were
calculated.
A scheme for pulp bleaching with magnesium chloride was proposed.
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SOCIO-ECOLOGICAL APPRAISAL OF THE URBAN TERRITORIES AS A BASIS
FOR DESIGN DECISIONS (IN A CASE OF KAZAKHSTANI URBAN PLANNING)
Alexey Zh.Abilov
Department of Architecture and Design, Kazakh National Technical University
22 Satpaev Str., Almaty 050013, Kazakhstan

Abstract
This paper focuses on the author's experience of socio-ecological appraisal the territory in a process
of urban planning, taking as an example the project “Master Plan for Almaty Suburban Zone”. The
toolbox of Social ecology were used, in particular, its basic notion “quality of human environment”,
formed under influence of many factors. Among two possible ways of such appraisal – expert
appraisal by specialists-designers and appraisal the territory by inhabitants themselves – was chosen
the second variant, for that purpose a large-scale sociological study in a form of questioning the
population of Almaty city and its suburban zone have been organized. The constructive conclusions
allowing making the objective design decisions were done on base of analysis the results of this
investigation, accomplished using original strategy.
Key words: social appraisal the territory, quality of human environment, socio-ecological criteria,
questioning the region's population.
1. INTRODUCTION
The urban planning, as a special field of theoretical knowledge and practical activity of society,
directed to the spatial organization of human life, uses a wide array of techniques and tools to support
design decisions at all kind of territorial levels – from the scale of region to the level of separate
architectural ensembles of city. In addition to the purely professional tools for the pre-drafting analysis
of urban development areas are increasingly used methodological approaches of such analysis, being
borrowed from related fields of knowledge, in particular, from ecology and sociology.
As is known, the environmental characteristics of the objects for urban analysis in many cases are
priorities in the process of making design decisions, as they provide an objective basis to determine
the boundaries and functional content of such objects. The reasonable balance of urban and natural
areas in the investigating region allows reducing human pressures on the environment and creating
conditions for biodiversity, formation of a healthy and comfortable human environment, toward to
sustainable development of the region.
At the same time, not less important is the analysis of socio-demographic structure of population
living in the investigating region, the level of inhabitants’ employment, health, fertility and other
characteristics reflecting the state of the most important subsystem of any urban system, that is to say
the population, without those the normal functions of urban entity is impossible (Rukavishnikov, 1980,
Maslov, 2002).
All this, first of all, is the subject of study and analysis for others, related to urban planning, disciplines
– demography, sociology, economics, medicine, etc. However, due to separation from the ecology
such of its branches as Human ecology and Social ecology (Park, Burgess, 1921; McKenzie, 1926;
Bews, 1935, and others), urban science began actively to collect data on population, using the very
constructive tools of these disciplines, primarily for the social and environmental evaluation the areas
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for developing cities’ master plans, projects of regional planning, and schemes of regional
development.
Human ecology uses the highly important notion “population health” (Kaznacheev, 1983, p.82) for
description of region’s inhabitants, which includes the complex indicators of their physical, mental
and social health. These indicators in many cases depend on environmental conditions in a particular
area within boundaries of concrete region – the level of environment pollution, sustainability of
natural complexes to anthropogenic pressure and other factors. Social ecology is largely based on the
concept of “quality of human environmen” (Sitarov and Pustovoitov, 2010, p.104). Of great
importance in this science is given to the spatial localization of the specific social groups in the city or
outside it in accordance with their mentality, incomes, and requirements of comfort, aesthetic
preferences, and others, typical features of such groups.
Ranking the territories of urban development under the provisions of vital activity of population, in
accordance with the socio-ecological criteria, allows defining the social and economic value of such
territories, that, eventually, gives the possibility to make the optimal decisions in the process of urban
designing and forecasting.
2. OUR EXPERIENCE
Social appraisal of certain territory can be obtained by two ways: firstly relying on the opinions of
experts that based on their knowledges in the fields of urban planning and social ecology, and
secondly – directly, analyzing the opinions of inhabitants of the investigating area (Rukavishnikov,
1980). The appraisal of place by inhabitants, or social appraisal, looks more objective as it takes into
account opinions of various social-demographic groups, formed as “inside”, and based on a constant
interaction with artificial and natural objects of their living environment.
One of the aims of this article is to share our experience in social appraisal the territory using
population questioning, as one of methods of practical sociology. We carried out such evaluation in
different years in Kazakhstan for the cities of Almaty, Astana, Pavlodar, Ekibastuz, Aksu, Zhanaozen
and Zhezkazgan, and for the suburban zone of Almaty city. In particular, one of the last works in this
context was a social appraisal of the territory in the frame of “Master Plan for Suburban Zone of
Almaty City”, developed in 2009 by design firm "Urbanstyle".
Social appraisal the territory of Almaty city and adjoining suburb area was necessary in order to
clarify the boundaries of suburban zone and the socio-economic value of its individual sections. The
resulting ranking of the territory according to the socio-ecological criteria could identify sites for
priority investments to urban development, and could provide an objective basis for functional and
spatial zoning of the analyzed area.
It was designed the original questionnaire to conduct a large-scale sociological research - questioning
the region's population of about 2 million inhabitants. This questionnaire form was reproduced in the
amount of 5 thousand copies sufficient to judge about data on entire population (general collection) on
the sample of selective collection. All the surveyed area was divided into 26 sections, including parts
of the Almaty city (Figure 1). It was prepared a certain number of questionnaire forms for each site,
proportionally to the amount of population living in the certain section.
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3. SOME RESULTS OF THE SOCIO-ECOLOGICAL INVESTIGATION
Disseminated questionnaire included 14 questions to get answers on the most important aspects of
social appraisal of the analyzed territory. Besides, the last group of questions was posed for
coordination answers with the social-demographic structure and ethnic composition of the
respondents. As a result of the survey there were received a sufficient number of questionnaires forms
suitable to processing, that enable to do the necessary conclusions on quantitative characteristics of the
various sections of the analyzed region, according to the socio-ecological criteria. The results of
questioning were collected in the analytical tables and were illustrated by diagrams (Tables 1, 2,
Figures 2, 3).
Analysis of responses on the questions of questionnaire has shown that the big part of polled
population of Almaty city is satisfied by place of its residence (74%), but quite a significant part –26%
– is not satisfied. Moreover, the opinion of the respondents complies with opinion of the experts,

Figure1: Amount of polled population in Almaty city and in suburban zone
marking of two the most prestigious and comfortable for living the administrative districts of the city –
Medeu and Bostandyk districts, in which 83% and 80% of respondents respectively have answered
that they were satisfied with the place of their residence. Accordingly were chosen of two outsiders –
Alatau and Zhetysu districts – 40% and 36% of respondents were dissatisfied (Table 1, Figure 2).
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Number of investigated site
(section)

“Yes” - on percent of amount
of the polled population in
each site

“No” - on percent of
amount of the polled
population in each site

2

3

4

1

Almaty city
1

1

77

23

2

2

60

40

3

3

64

36

4

4

74

26

5

5

83

17

6

6

79

21

7

7

80

20

8

Average at the Almaty city

74

26

Suburban zone
9

8

80

20

10

11

90

10

11

13

100

0

12

14

65

35

13

16

94

6

1

2

3

4

14

18

98

2

15

19

72

28

16

20

89

11

17

21

72

28

18

22

96

4

19

23

100

0

20

24

59

41

21

25

93

7

22

26

98

2

23

29

100

0

24

Average at the Almaty
suburban zone

87

13

Table 1. Complacency by place of residence
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Figure 2: Complacency by place of residences
(Social appraisal of the sites on negative points)
From the Table 1 also understandable that the majority of population of the suburban zone of Almaty
is satisfied with the place of their residence (87%) and only 13% is not satisfied. Among the
dissatisfied with conditions for living at the place of their residence the most amount is revealed on the
section of “24” (41%) and “14” (35%); these are inhabitants of Talgar town and Uzunagash village
respectively. The analysis of the causes of discontents with the area of residence is shown that in
Almaty city these are: the lack of institutions for public health (17% of respondents in Alatau district),
bad quality of the environment (16% in Alatau district), and the lack of convenient public transport
routes (17% in Alatau and Zhetysu districts). In suburban zone – the level of employment (the
unemployment is 25% of polled population in Uzunagash village and 16% – in Talgar town), and the
lack of institutions for public health (15% in Talgar town). In Uzunagash village the respondents also
point to problems with water (Figure 2).
Table 2 also allows ranking the sites according to the results of their social appraisal by population –
than more specified causes of discontents that rank of site is lower. We have used the 10-point
(negative) scale of appraisal, according which the Medeu district (site “5”) was valued by the least
amount of negative points (2,4 points), and Alatau district (site “2”) – by the most amount of negative
points (10 points). In suburban zone the site “26” – Turgen village – was valued by the least amount of
negative points (0,2 points), the site “14” – Uzunagash village –10 points, and the site “24” – Talgar
town – 8,5 points. Other sites were valued by population accordingly to column 4 of Table 2.
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Numbers of the
investigated sites

Amount of the inhabitants discontented with
the qualities of places of their residence (on
average percent of the polled population in
each site, on amount of the specified reasons of
discontent)

Social appraisal of the
sites in 10-points
negative scale

1

2

3

4

1

1

3,14

3,5

2

2

9

10

3

3

7

7,8

4

4

4

4,4

5

5

2,14

2,4

6

6

5,2

3,7

7

7

6

3,1

8

Average at the
Almaty city

5,2

4,98

9

8

2,14

4,8

10

11

0,75

1,7

11

14

4,43

10

12

16

0,57

1,3

13

18

0,71

1,6

14

19

1,79

4

15

20

2,7

6

16

21

1,86

4

17

22

0,14

0,3

18

24

3,8

8,5

19

25

1,03

2,3

20

26

0,07

0,2

21

Average at the
Almaty suburban
zone

1,7

3,72

Table 2. Social appraisal of the sites on negative points
Figure 3 shows the social-demographic structure of the polled population. We could see that the most
active part of population with age from 21 to 45 years old is engulfed by questioning: respectively
57,3% in Almaty city and 55,1% in suburban zone. Amongst them more women in Almaty – 60,7%
against the 39,3% of men, in suburban zone – approximately equal amount of men (50,8%) and
women (49,1%). As for social position of respondents, in Almaty on questions of questionnaire has
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answered most of all representatives of the private companies – 30,6%, in suburban zone – state
employees – 21,2%. In Almaty among the respondents were 14,8% of the workers, in suburb - 15,9%;
the representatives of private business – respectively 5,4 and 13,3%. On national composition, the
Kazakhs represents the most part of respondents in Almaty city and in suburb zone – respectively
64,1% and 72,6%; Russians in city – 25,4%, in suburb – 13,2%; other nationalities – respectively
10,4% and 14,1%.

Figure 3: Social-demographic structure of the polled population, on percent
Social appraisal the territory of Almaty suburban zone have gave the prerequisites for making design
decisions aimed at improving the level and quality of life in the investigated region. Besides, because
the questionnaire included a number of other issues, such as the organization of mass recreation, as
well as questions aimed at clarifying the intensities and targets of the inhabitants’ trips in the city and
suburb, on public and individual transport, there were obtained the additional data allowed to correct
the experts opinions on how to optimize recreational and transportation systems in the region.
4. CONCLUSIONS
Hereby, there was shown the importance of urban theory in practice for making the decision on the
concrete urban planning problems, in particular, need of all-round analysis of the territory on social-
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ecological criteria, using as the expert appraisal of area’s potential, so the social appraisal the territory
by its inhabitants. In our case such appraisal has gave the prerequisites for the revision of boundaries
for Almaty suburban zone, as well as has marked the most problem-solving areas requiring the priority
investments and developments.
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GEODYNAMIC RISKS MANAGEMENT TO PROVIDE INDUSTRIAL SAFETY
IN OFFSHORE OIL AND GAS DEPOSIT DEVELOPMENT
Nikolay Melnikov, Anatoly Kalashnik, Nadezda Kalashnik
Mining Institute Kola Science Centre RAS, Apatity, Russia
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Abstract
Geoecological aspects of oil and gas production and pipeline transportation in the western sector of
the Russian Arctic have been considered. The main natural-technogenic geohazards during
hydrocarbon recovery have been shown to be the subsidence and earthquakes. The conception of
geodynamic events investigation has been substantiated based on the oil-and-gas field evolution with
a containing area of geological environment as a complex natural-technical system.
Key words: risks, ecological and industrial safety, offshore, oil, gas
The western sector of the Russian Arctic long prospects are primarily connected with oil and gas fields
development in Barents and Pechora seas. Along with well-known complicated arctic natural
conditions, the geodynamic challenges can occur in field facilities construction as well as in
hydrocarbon development and transportation. Kola region is geodynamically active: when developing
Khibiny and Lovozero deposits, induced earthquakes result in catastrophic events both in underground
mines and land facilities and communications (Kalashnik, 2011). But for all that destructive events
area has been dozens of times larger than mining works area.
It is necessary to take into account the consequences of the hazardous geodynamic processes due to:
- significant period of project activities (50 years and more);
- large-scale and enormous as for mass movement impact on natural equilibrium of the resources state
that results in its disturbance and activation of the hazardous geological processes;
- deformation process development of the rock mass, productive layers and host rock during the
process of oil/gas pumping out;
- formation risk occurrence for conditions and realization of catastrophic subsidences, earth falls, rock
movements (shearing), earthquakes;
- intersection of linear distance objects (oil and gas pipelines) of the significant number of tectonic
faults, relief anomalies, water facilities, etc.
Barents and Pechora seas oil and gas fields construction and putting into operation without taking into
account geomechanical processes can result in formation of occurrence and realization of destructive
geodynamic events conditions (Dmitrievsky et al., 2009, Melnikov and Kalashnik,2009): sibsidences,
earthfalls, earthquakes and, as a consequence, social-economical and ecological damage, losses and
underexploitation of hydrocarbons reserves. This proves world experience of land and sea (offshore)
oil and gas exploitation by now.
According to (Kaiser and Pulcifer,2007) number of emergency situations on the platforms,
hydrocarbon development and storage facilities, boreholes and pipelines and others, is about 3 000
events, economic damage exceeds 34 000 million $. The analysis of different factors influence on
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emergency situations occurrence in off-shore oil and gas development of Europe shows that greater
number of emergencies are the result of stability loss, damages and failures of constructions (36%),
unfavorable weather conditions (7%), bursts (5%) and other factors. With all this it is mentioned that
actually the reason for every fifth and more emergency situation is unknown (22%).
At the same time day subsidence is a well-known fact (for off-shore oil and gas development it is a sea
floor) of oil and gas production (Kalashnik and Melnikov, 2010). It has been found out that subsidence
can be of tens of centimeters to several meters. Such significant vertical subsidence as many
researches note are accompanied by movement basin formation with horizontal movements and
rockslides to its central part, subvertical fracture formation, benches and terraces, sometimes of 2-2.5
m (Adushkin and Turuntaev, 2005, Kashnikov and Ashihmin, 2007, Kasyanova, 2003).
The most remarkable example is Ekofisk field, which has been developed in the Northern Sea, and
within 30 years of production, the sea floor subsidence over the central part of field has reached more
than 7 m and resulted in significant technical and economic consequences. Due to this sea floor
subsidence, foundations of some platforms and outer wall of storage facility turned out to be
unacceptably low as to the sea level and this required works of platform foundation lift and buildingup and construction of additional, higher outer wall of oil storage facility. Significant sea floor
subsidence also resulted in deformation and damages of pipelines and constructions set on the seabed.
During several years there has been carried out more than 70 recurring repairing works in boreholes
under operation, aimed at bridging of gaps in zones of cementation, collapse or destruction of casings.
According to different estimations in publications, this work expenditures exceed 400 million $
(Dmitrievsky et al., 2009, Melnikov et al., 2011).
Another characteristic example is Wilmington oil field (USA) that has been developed during 40
years, and resulted in surface subsidence over field to 8.7 m. This brought to danger of Long-Beach
naval base flooding that has been constructed without taken into consideration possible subsidence.
Works and protective measures against flooding estimated cost is 6 million $ according to the prices of
1970-80 (Kashnikov and Ashihmin, 2007).
It may be assumed that rock mass and day surface (sea floor) subsidence over collector has significant
negative impact on stability and durability of the main structures, volumes and systems of production,
storage and transportation of oil and gas.
Another important and sometimes crucial geodynamic factor for oil and gas development objects is
induced seismicity. Seismic macro events as man-induced or mining-induced earthquakes are quite
random, but destructive impact as well as social-economic and ecological damage is very high. It was
found that earthquakes with magnitude from 3 to 7 and more take place both in gas and oil fields and
may result in catastrophic destructions: Gazlyiskoe (Uzbekistan), Neftegorskoe (Russia), Lacq
(France) and others (Adushkin and Turuntaev, 2005).
Formation of these hazardous geodynamic events (as subsidence and rock shifting, earthquakes
resulting in earth falls, openings, gas flue and emissions, mud volcanoes, wave generation) is under
influence of great many factors and conditions which have in its basis geomechanical processes. It is
underestimation of geomechanical processes impact that results in formation of irreversible
geodynamic events occurrence conditions and destroy holes, pipelines, production equipment and
facilities (Adushkin and Turuntaev, 2005, Kashnikov and Ashihmin, 2007, Kasyanova, 2003,
Melnikov and Kalashnik, 2009).
Oil and gas production enterprise with geological environment area inclusive forms complex open
natural-engineering system (NES). Its evolution has familiar algorithm (Kalashnik and Melnikov,
2010) consisting of linear and non-linear development stages alternation with abrupt transition or
bifurcations. It is important to note that this paper deals with geomechanical evolution of geological
environment of NES, where energetical interaction of different objects results in spatial-temporal
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event localization, among which can be hazardous geodynamical phenomena such as single
catastrophic subsidence, large-scale earth falls and man-induced earthquakes.
Conceptual model of geomechanical evolution of oil and gas natural-engineering system (OG NES) is
shown on Fig.1. According to F.A. Letnikov’s approach (Letnikov, 2004) the main control parameter
is energy W. For initial stage (t1-t2) evolution of OG NES is stable linear deterministic regime. This
regime parameters provide for OG NES adaptation to specific conditions of geological environment
and can be predicted on the basis of rock mass geomechanical model taken into account technological
and economic imperatives. Adaptation - is to some extent predictable process as this regime
parameters change within the predetermined limits, where principal and boundary conditions, as a
rule, are known and can be adequately given for modeling studies.

Fig. 1. Conceptual model of geomechanic evolution.
Analytical and numerical methods of geomechanics based on information about the initial properties,
structure and stress-deformed condition of massif and productive stratum/collectors allow to predict
OG NES adaptation parameters for the initial stages of oil and gas field development. But this
prediction reliability is determined by input data verification and calculation models adequacy of
physical nature of processes that took place in geomechanical space of OG NES (Kashnikov and
Ashihmin, 2007, Kalashnik, 2010).
When control parameter W reaches the limiting values WH (point i , see Fig. 1), OG NES changes to
non-linear development stage (interval t2-t3 ). This stage is considered to be unstable, ended by
bifurcation, i.e. branching of evolution’s ways while transferring to threshold state (point i - W ).
Term ‘bifurcation’ sometimes stands for term ‘catastrophe’, that in Oil and Gas Engineering is more
relevant to considered processes, as one of the branches of further development of such system can be
single subsidence, large-scale earth fall or man-induced earthquake. Period t3-t4 is abrupt development
with active energy dissipation and new structures formation (downward branch i – i), or energy
accumulation (upward branch i – i). Then cycle is repeated (interval t4-t6) provided by new energy
portion inflow and etc.
Based on the obtained data and the developed geomechanical model the calculation scheme has been
carried out, that takes into account spatial-geometrical and power conditions of fluid-filled tectonically
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block rock massif for modelling its stress-deformed state in elastic-plastic deformation regime.
Numerical modelling has been carried out based on methodological approaches, realized by using
finite element method. The following variants have been considered: / 0 = 0,1; 0,2; 0,25; 0,5 by
L/H = 1, 2, 3, 4 ( 0 – initial fluid intrastratal pressure,
– decreasing of intrastratal pressure due to
fluid pumping, L - length (in plan) of pumping zone, H – depth from surface to production layer roof).
For each variant the values of roof vertical displacement (upper contact) and soil (lower contact) as
well as surface (seafloor) have been calculated.
In view of the foregoing considerations the following modelling results can be pointed out:
the model regularities of fluid-bearing rock mass as a result of gas pumping have been
established and these regularities are volumetric compaction of productive layer up to 30 % that result
in linear-regressive seabed downfold (subsidence) and significant subhorizontal deformations and
seabed layer of ground and rock shifting;
the values of maximum seabed surface subsidence, productive layer roof, soil elevation and
its relative “settling” linearly depend on value of pore pressure decreasing (it can be said, gas pumping
amount) and significantly non-linearly depend on ratio L/H (the part of the productive layer that has
been pumped);
the maximum value of seabed subsidence can be 3-5 meters and productive layers compaction
ratio of 30% for the conditions of approximately ten years mining of Shtokman gas-condensate field,
for example.
Based on modelling results the prediction of deformation processes development and geodynamic
regime formation has been carried out to determine occurrence conditions of such geodynamic
phenomena as subsidence, sliding over tectonic fault planes, microseismicity, rock and bed ground
falls.
On basis of analysis of tectonic-physical and bathymetric data for undersea part of gas pipeline route
from Shtokman gas-condensate field and tectonic and seismological data for land part of gas pipeline
route on the territory of Kola Peninsula the potentially hazardous sites have been outlined and
approaches to geodynamic monitoring of its facility and operation have been set (Melnikov and
Kalashnik, 2009).
Murmansk region is considered and nowadays practically is a large transportation center that
concentrates the basic transport systems of oil and gas both from the development sites to the central
regions and distribution systems of Russia and trans-boundary transportation of oil and hydrocarbons
as in pipelines and by sea. In the short term this can be gas pipelines from Shtokman field (sea part –
from the field to seashore of Teriberka, land part - from Teriberka to Volkhov), with further including
to gas pipeline “Nord Stream” as well as oil pipelines from the fields of the West Siberia in port of
Murmansk.
Murmansk region is characterized by severe arctic conditions; at the same time here it is
instrumentally registered active current movements of earth’s crust as well as number of natural and
mining-induced earthquakes (conditioned and induced by large-scale mining works) with magnitude
of 5-7 points (Kalashnik, 2011). The profile of planned route is quite changeable, with elevation
difference from 0-400 m and crossing of more than 70 large water facilities and number of active
tectonic faults and zones (Melnikov and Kalashnik, 2009). Therefore, placement here of the major
pipeline system aimed at providing safety of its construction and operation, requires geomechanical
and geodynamical substantiation as for pipelines location and strength properties (taking into account
alternating both slow and immediate (seismic) impacts) of the basic constructions that provide
connection of the pipeline and geological environment.
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The pipelines can be considered as a linear complex of energy recourses transportation and is object of
higher industrial hazard. Together with geological environment the pipelines are complex and cost
intensive extended natural-engineering systems that demand providing of maximal possible level of
geodynamic and geoecological safety (Melnikov and Kalashnik, 2009). Damage or destructions of any
part of the pipeline cause stoppage of its work and hydrocarbon raw materials transportation. Oil
products spill, that occurs, results in negative environmental and economic consequences and
significant damage of surrounding natural systems.
In conclusion it is important to note the following:
To provide geodynamic safety of works and structural stability of oil and gas objects of Barents region
and hydrocarbon pipeline transportation it is necessary to carry out special geomechanic studies,
including:
- geodynamic regime assessment of hydrocarbon storage and production region as well as pipeline
routes;
- initial stress-deformed state assessment of rock reservoir and host rock massif and prediction of its
changes due to fluid recovering;
- tendencies and mechanisms of deformation processes as a result of oil/gas production;
- identification of factors that determine conditions and mechanism of collector deformation and
overlying rock mass;
- quantitative assessment of geodynamic risks;
- development of geodynamic risk management methodology;
- justification of geosafe location of oil and gas entities and pipeline routes;
- development of preventive geomechanical measures to provide safe production and transportation
works and main structures and facilities stability;
geodynamic monitoring of hydrocarbon raw materials production and transportation regions.
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RESEARCH OF NUTRIENTS MIGRATION OF SANDY SEDIMENT AERATION ZONE
OF THE RIVER BANK BUFFER AREA
Andrius Litvinaitis
Vilnius Gediminas Technical University, Saul tekio av. 11, Vilnius 10223, Lithuania

Abstract
The negative impact of agricultural pollution with biogenic materials on surface water bodies is a
relevant problem. This problem is addressed by limiting or prohibiting certain activities in so called
buffer areas. The biogenic materials are carried by surface or groundwater runoff. Water infiltration
is influenced by the lithological composition of sediments. River basins of sandy lithological structure
were selected throughout the territory of Lithuania. An installed system of lysimeters in the boreholes
allowed to monitor the change of water quality of sediments over time. The migration patterns of
nutrients where identified during the investigation in the spring, summer and autumn seasons.
Key words: water quality, surface water, biogenic substances, lysimetric station, soil,
1. INTRODUCTION
Buffer areas are widely used as an effective way to protect rivers and streams from the negative
impact of agricultural pollution. As suggested by literature, results on the retention of nitrogen in river
bank buffer areas are very different (Brian & Bruce 2004), but overall up to 74.2 ± 4.0% of nitrogen
compounds can be retained in the water flowing through the river bank ecosystem. In river bank buffer
areas, nitrogen retention occurs in incoming surface water flow and subsoil underground water flow.
Comparison of the surface and subsoil retention efficiency reveals that the average rate of retention of
nitrogen compounds in ground water is 89.6 ± 1.8%, and only 33.3 ± 7.7% in surface water. In
addition, the nitrogen retention efficiency in subsoil water flow — contrary to the surface water flow
— does not depend on the width of a buffer area. Most transformations of nitrogen compounds take
place in the subsoil water layer. Moreover, the nitrogen removal efficiency in river bank buffer areas
planted with trees can change due to features, which do not depend on the width of buffer areas, i.e.
nitrogen load in the basin, soil hydraulic conductivity and the depth of a conducting layer (Pinay &
Decamps 1988; Pinay et al. 1993; Sabater et al. 2003).
Infiltration features of surface sediments are an important indicator that determines underground water
resources. Large-scale (1:10 000) lithological and soil maps are suitable for assessment of sediments.
Precipitation infiltration conditions are determined by the horizontal and vertical surface diffusion of
the river basin. One of the most important surface diffusion indicators that influences precipitation
infiltration is a surface slope. Even a slight surface inclination leads to a direct rapid runoff of
precipitation water down the slope or its lower infiltration. Nitrogen and phosphorus compounds are
the main background elements for the anthropogenic pollution.Nitrogen compounds are one of the
most widespread in nature as well as the main element for plant nutrition; however, its surplus is
detrimental to the environment. Environmentally, the most dangerous form of nitrogen is nitrates
(NO3-), which unlike ammonium (NH4+), are not absorbed by soil and are less collected by plants, thus
migrate in the biosphere. About 90–98% of nitrogen leached from soil is in the form of nitrates. In
addition, some of the nitrates become harmful nitrites (NO2-). In Lithuanian conditions, NO 3concentration in soil water depends on soil features, fertilization and precipitation. Increased use of
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soil humus and nitrogen fertilisers raised the concentration of NO3- in lysimetric waters. It also
increased at a low water infiltration (Adomaitis et al. 2004).
Phosphorus migrates slightly in soil and sediments. There are significant resources of agile phosphorus
in the arable layer of soil, with the most concentrations in the root mass of plants. Numerous studies
(Tripolskaja 2004; Saarijärvi et al. 2004; Cermak & Klement 2005; Ulén & Jakobsson 2005) indicate
that phosphorus compounds migrate slowly in soil, therefore the leaching of phosphorus is negligible
and amounts only up to 1–1.5 kg/ha.
Long-term researches indicate that intense processes of mineralisation within soil of light
granulometric composition as well as heavy precipitation promote leaching of nitrogen to deeper soil
layers; besides, migration of this element in the soil profile is strongly dependent on the vegetative
cover and types of plant fertilisers as well as forms of nitrogen produced during decomposition of
organic fertilisers (Tripolskaja 2004). Concentration of nitrates in lysimetric water mostly depends on
the amount of scattered nitrogen fertilisers and decomposing green manure (Krysanova 2002; Kyllmar
et al. 2006). Agricultural chemicals are the main source of the majority of biogenic substances that are
found in underground water. Change in the amounts of nitrates first of all depends on use of manure
and fertilisers. In damp horizons, nitrates disappear over a certain period of time due to denitrification
(Denver et al. 2009).
While migrating, nitrogen compounds can pollute larger water bodies (Bagdži nait -Litvinaitien
2005; Lebedynets et al. 2005), thus explicit regulation on use and storage of nitrogen is defined in
areas of agriculture and environmental protection.
This research aims to ascertain consistent patterns in migration of biogenic substances within the
aeration zone of sand sediments in banks of Lithuanian rivers.
2. MATERIALS AND METHODS
Two sandy river banks of basins with typical sand lithology structure were chosen for the research
(Fig. 1). These two basins were chosen subsequent to analysis of lithology structures of 17 basins of
Lithuanian rivers (Litvinaitis, 2010, 2011a). The lithologic factor of basins was estimated and research
sites were chosen with the help of maps of Lithuanian Quaternary and rivers (M1:50000) and ArcGis
software. Later, research sites were specified according to data of core samples taken from river banks.
The authors state that the main migration of nitrogen and phosphorus occurs by water, which filters
through sediments; meanwhile transformations depend on the amount of oxygen and acidity within the
environment. All these parameters can be assessed in the a borehole. The lysimetric type of a borehole
has beenwas chosen for the empiric groundwater level and quality researchesanalyses. This choice was
influenced by the following reasons:
1) during the process of installation process, the deformation of the natural status of sediments and
underground water is minimal;
2) unified monitoring conditions are created regardless of the unconfined groundwater depth;
3) maximum depth is reached using simple technical tools and low physical effort.
At research sites, boreholes were positioned perpendicularly to the river bank and at a 3, 5, 10 and 20
metre distance away from the river bank (Fig. 2). Boreholes were installed during the period of the
least discharge of stream, when water is at its lowest level. This level of water in the river was
registered and named the conditional water-level (CWL), which was considered in further
calculations. Boreholes were drilled down to the surface of ground water to facilitate sampling of the
top layer horizon of ground water. To collect samples of water that filters down through the aeration
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zone, lysimeters were installed in boreholes (Litvinaitis 2011a). Initial lysimeter reservoirs were
installed at 0.1 m depth from the ground surface with others following with every meter down to the
surface of ground water. At the deepest point, an additional reservoir was installed above the ground
water level, increasing the frequency of the observation profile by 0.5 m. For laboratory tests,
infiltration from reservoirs was sampled twice in each — spring, summer and autumn — of the
researched seasons. Before taking water for samples, a reservoir was emptied and a sample of
incoming fresh water was taken. The following parameters were analyzed in the laboratory:
ammonium, nitrates, nitrites, phosphates, pH and the amount of water in the filtrate. The monitoring
took place in spring, summer and autumn seasons of 2010–2011.

Fig. 1. Basins of studied rivers

Fig. 2. Situation of lysimetric boreholes on the bank of the river
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Modeling software CHEMFLO-2000 was used for graphic illustration of the results. The following
differential equations were used to describe migration of water and chemical substances. The partial
differential equation was used to describe the one-dimensional water movement.

=

( )

( )

where Q=Q(h) is the volumetric water content; h=h (x,t) is the matric potential; x —– is the position
coordinate parallel to the direction of flow; t – time; sin(A) is the sine of the angle A between the
direction of flow and the horizontal direction; K(h) is the hydraulic conductivity of the soil at matric
potential h.
Movement and degradation of chemicals in this model is described by the convection–-dispersion
equation.

(

+

)=

+

where c=c(x, t) is the concentration of a chemical in the liquid phase; S=S(x, t) is the concentration of
the chemical in the solid phase; D=D(x, t) is the dispersion coefficient; Q = Q(x,t) is the volumetric
water content; q=q(x, t) is the flux of water;
(x) is the soil bulk density;
(x) is the first-order
degradation rate constant in the liquid phase;
(x) is the first-order degradation rate constant in the
solid phase;
(x) is the zero-order production rate constant in the liquid phase. Here , and are
zero or greater.
3. RESULTS AND DISCUSSION
From geomorphological point of view, the selected research site in the la River basin is a plain
attributed to the micro-region of Zervynos dune massif, which is located in Dainava mezzo-region of
the south-eastern macro-region of Lithuania, in the area of fluvioglacial plains that were formed
during the last glacial period. The type of relief — fluvioglacial plain with an accumulative slope.
Alluvium of fine sand from the Holocene lies up to 10 m from the bank and gradually changes into
eolic fine sand formations.
The research site was established on the right bank of the river, in a meadow, the higher end of which
is overgrown with shrubs. At a distance of 30 m, there is a slope overgrown with coniferous wood.
The firs borehole was established 3 meters away from water and 42 cm above the CWL. The
investigated vertical is covered in Fluvisol, which rests on sediments of fine sand alluvium at a 62 cm
depth. During the period of the research, the level of ground water was 1–2 cm higher that the level of
water in the river. The borehole was equipped with a lysimeter to collect samples from the surface and
at a depth of 40 cm. The second borehole was established 5 m away from the river and 52 cm above
the CWL. Here, a 30 cm thick layer of Fluvisol rests on sediments of fine sand alluvium. During the
period of the research, the level of ground water was 3–5 cm higher that the level of water in the river.
The borehole was equipped with a lysimeter to collect samples at 10 cm (surface) and 50 cm of depth.
At 10 m distance from the bank, the surface of the soil is 85 cm higher than the CWL. Here, an
approx. 25 cm thick layer of Arenosol-type soil rests on sediments of fine sand eolic formations.
During the research period, the amplitude of ground water fluctuations amounted to 18 cm and was the
greatest at this point in the research site. A lysimeter was installed to collect samples from the surface
and at a depth of 1 meter. The fourth borehole, which was drilled at the point farthest away from the
river, was 143 cm above the CWL. Just as in the case with the third borehole, an approx. 25 cm thick
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layer of Arenosol-type soil rests on sediments of fine sand eolic formations. Contrary to the data of the
third borehole, the level of ground water in the fourth borehole was hardly changing and remained
within the amplitude of 5 cm. A lysimeter was installed to collect samples from the surface and at
depths of 1, 1.5 and 2 meters.
Geomorphologically, the research site in the Žeimena River basin is located in the section of valleys
attributed to the junction of rivers Žeimena and Neris, which is situated in the mezzo-region of
Žeimena plain of the macro-region of the north-eastern plain, in the area of fluvioglacial plains that
were formed during the last glacial period. The site has the fluvial relief particular to river valleys of
the Holocene and Late Glacial periods. Fine sand alluvium of the Holocene lies at the depth of 5 m,
gradually changing into medium sand fluvioglacial sediments.
The research site was established at the right bank of the river, in a meadow of a littoral coniferous
wood, which is situated perpendicularly to and at a 50 m distance away from the river bank.
The surface of the first borehole is located 32 cm above the CWL. A 15 cm layer of Halpic Arenosol
covers alluvial medium sand sediments; a layer of gravel was found at a 48 cm depth. During the
period of the research, the level of ground water was 1–2 cm higher that the level of water in the river.
A borehole was equipped with a lysimeter to collect samples from the surface and the depth of 40 cm.
The second borehole was drilled to 42 cm above the CWL. Medium sand sediments were found under
Arenosol (20 cm). Deeper, at a 40 cm depth, gravel was found. The level of ground water fluctuated in
the same way as in the first borehole. The second borehole was equipped with a lysimeter to collect
samples from the surface and the depth of 0.5 m. The third borehole was drilled at 138 cm above
CWL; here, a 25 cm thick layer of Arenosol covers homogeneous medium sand sediments found along
the entire analysed vertical. The level of ground water, which was 5 cm higher if calculated from the
actual level of the river, changed to 3 cm during the research. The borehole was equipped with a
lysimeter to collect samples from the surface and at depths of 1 and 1.5 m. The fourth borehole was
drilled to 164 cm above the CWL. Here, just as in the third borehole, a layer of Arenosol was found up
to 25 cm of depth with deeper lurking homogeneous layer of medium sand. In comparison to
piesometric indications of the third borehole, the average level of ground water is lower; however,
fluctuation amplitude was greater by 3 cm.
At the research site by the Žeimena River, concentrations of ammonium ions (NH4+) were equally
distributed over all research seasons. Greater concentrations of ammonium were registered in the first
and the second lysimeters amounting from 0.64–1.28 mg/l at the surface to 0.26–1.15 mg/l in the
ground water. Lower concentrations were found in the 3rd and the 4th lysimeters, amounting from
0.02–0.46 mg/l at the surface to 0.01–0.23 mg/l 1 at a depth of one meter and up to 1.19 mg/l in
ground water. During all seasons, reduction in concentrations of ammonium ions in the depth of up to
1 m was influenced by nitrification processes and assimilation of ammonium ions by plants. On the
average, reduction amounted to 1.3% during spring, 1.5% during summer, and 1.7% during autumn
(Fig. 3). Increase in concentrations in the 3rd and the 4th lysimeters is related to denitrification
processes and change in the level of ground water.
At the research site by the la River, ammonium concentrations were gradually decreasing with
depth: greater concentrations were registered in summer, reducing with depth by 1.2–1.7 times on the
average from 0.47–1.29 mg/l at the surface and to 0.02–0.84 in ground water; lower concentrations
were registered in spring, reducing with depth by 1.7–27 times on the average from 0.27–0.77 mg/l at
the surface and to 0.02–0.24 mg/l in ground water; and in autumn, concentrations reducing by 29–33
times from 0.20–0.82 mg/l at the surface to 0.02–0.24 mg/l in ground water (Fig. 4).
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Fig. 3. Change in ammonium ions depending on a season. Žeimena River bank.
Concentration of ammonium ions decreases as a direct proportion of increasing infiltration coefficient.
This was ascertained subsequent to analysis of precipitation and evaluation of types of sediments from
research sites on the basis of infiltration indicators.
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Fig. 4. Change in ammonium ions depending on a season. la River bank.
At the research site by the Žeimena River, concentrations of nitrate ions (NO3-) varied from 0 to 3.55
mg/l. The greatest values of concentrations were registered in seasons of spring with 0.91–3.55 mg/l
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and summer 0.25–3.49 mg/l; and the least — in autumn with 0–1.80 mg/l. At the research site by the
la River, concentrations of nitrate ions varied from 0 to 0.11 mg/l. The greatest values of
concentrations were registered in the season of summer with 0.01–0.11 mg/l; and the least — in spring
with 0.02–0.08 mg/l and autumn with 0.01–0.04 mg/l.
At the research site by the Žeimena River, 10 m away from the river bank, reduction in concentrations
of nitrate ions were registered both on the surface and in ground water during all seasons. The
distribution of the variation was as follows: approx. 1.8 times in summer and spring seasons, and 3.5
times in summer. At the research site by the la River, this consistent pattern was found in the season
of summer with concentrations dropping by approx. 1.2 times. During spring season, the consistent
pattern was found in relation to migration of nitrates by water from melting soil frost and snow. As
sources of nitrates, fallen leaves and decomposing grasses are washed by the surface runoff; and once
soil frost melts, they are washed deeper into sediments. This can be proved by a vertical analysis of
the profile. In spring, concentrations of nitrates increase by 27% in the layer of up to 1 m deep at the
research sites by both rivers. Considering infiltration indicators and times soil frost melted as well as
investigation times, it was identified that nitrates that accumulate over winter can lurk at a depth of
0.9–1.2 m. This confirms that at a depth greater than 1 m to the surface of ground water, the amounts
of nitrates decrease by 28% (Fig. 5).
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Fig. 5. Change in nitrates depending on a season
During summer season, processes are influenced by vegetation that assimilates a part of organic
substances through roots. It was found that at a 1 m depth, in the root zone of perennial grasses, the
amount of nitrates decreased by 9% on the average. At the research site by the la River, as roots of
shrubs and trees that grow close to the borehole assimilate water and organic substances, the amounts
of nitrates at layers deeper than 1 m were two times less.
No consistent patterns were found in changes of nitrite ions (NO2-) at any of the research sites.
Concentrations of nitrite ions changed on the surface, amounting to 0.04–54 mg/l, and in ground
water, amounting to 0.11–83 mg/l.
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No consistent patterns were found in changes of the amount of oxygen and pH of the infiltrate at any
of the research sites. pH at the la research site varied within the range of 6.5–8.1%; meanwhile at the
Žeimena — 6.5–7.3%, with slightly more acidic (up to 4%) profiles registered during spring. This was
impacted by winter decomposition of grasses, leaves of shrubs and needles. Increase in amounts of
oxygen in filtrate collected at all research sites is related with periods of greater precipitation
amounting to 6–9 mm per day.
At the research site by the Žeimena River, concentrations of phosphates (PO43) varied by 0.02–3.13
mg/l during the research period. The greatest concentrations were registered in summer with 0.86–3.13
mg/l, especially at a 10 m distance. Here, they were changing within the range of 1.98–3.13 mg/l. The
least concentrations were registered in autumn with 0.02–1.43 mg/l; meanwhile in spring,
concentrations of phosphates varied by 0.37–1.55 mg/l. During summer season, variation of
phosphates was registered in lysimeters Nos 1–3 with 2.14–3.13 mg/l in the surface up to 1.98–2.65
mg/l in ground water; i.e. concentrations decreased by 8–17%. In the 4th lysimeter, concentrations
varied from 1.40–1.73 mg/l on the surface to 1.09–1.22 mg/l at 1 m depth (reduction by 36%) and
increased up to 1.50 mg/l in deeper layers.
In spring, an increase of phosphate in sediments located at depth of up to 1 m was registered in all
lysimeters with 0.70–1.42 mg/l at the surface to 0.74–1.55 mg/l in ground water; and a decrease was
up to 0.74–1.22 mg/l in ground water (Fig. 6). As a percentage of surface concentrations, phosphate
concentrations that were greater by 11–18% were found in groundwater collected by the 1st and the
2nd lysimeters and at a 1 m depth in the 3rd lysimeter; and in ground water collected by the 3rd and
the 4th lysimeters, this increase amounted to 2–15%. In autumn, concentrations decreased in the 3rd
and the 4th lysimeters from 1.46–1.43 mg/l on the surface to 0.02-0.87 mg/l in ground water.
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Fig. 6. Change in phosphates depending on a season.
At the research site by the la River, concentrations of phosphates varied within the range of 0.01–
0.94 mg/l. The greatest concentrations were registered in summer with 0.02–0.94 mg/l; and lower —
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in spring, with 0.02–0.54 mg/l, and in autumn, with 0.01–0.40 mg/l. Deeper down, decrease in
concentrations of phosphates were registered in summer and autumn seasons. In summer,
concentrations of phosphates decreased by 1.9–7.1 times from 0.12–0.20 mg/l on the surface and up to
0.02–0.10 m/l in groundwater collected by lysimeters Nos 1–3, and from 0.42–0.54 mg/l to 0.02–0.03
mg/l in the 4th lysimeter with concentrations of phosphates from the surface to the ground water
reducing by 22 times. In autumn season, all lysimeters registered a reduction in concentrations by 1.3–
12 times from 0.03–0.17 mg/l on the surface to 0.01–0.11 mg/l in ground water. In spring, increase in
phosphates was registered in lysimeters Nos 1–3 from 0.05–0.24 mg/l on the surface to 0.04–0.22 mg/l
in ground water, with increase of phosphates in ground water amounting to 1.4 times if compared to
the surface. In the 4th lysimeter, concentration of phosphates decreased by 1.7 times.
CONCLUSIONS:
Subsequent to research on river banks with sandy lithology, it was ascertained that reduction in
concentrations of ammonium ions is directly dependent on increase of the sediment infiltration
coefficient. Variation in ion concentrations of other nitrogen compounds and phosphates depends on a
season. In spring, melting snow washes nitrates down into sediments. Irrespective of the type of soil or
sand sediments, amounts of nitrates at 1 m depth increases by 27%. In summer, herbaceous vegetation
decreases amounts of nitrate ions by 9%. Besides, in summer season, irrespective of concentrations on
the surface, amounts of phosphate ions — in the layer from the surface to 1 m in depth — reduce by
0.9 mg/l.
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Abstract
The Direct consequences of the human role, where human activity affects forests, forest ecosystems
and river channels through engineering works including road constructions (opening up new
agricultural and forest roads, national road work constructions or improvements on the national road
network, motorway constructions), as well as other human interventions and activities (deforestation,
depilation of riparian vegetation, e.t.c), which are in a position to disrupt the environmental balance
of forests and forest ecosystems as well as the slope stability, have been long recognized. The impact
on the natural environment and more specifically the changes caused to the landforms and the
geomorphological processes, from the construction and operation of road-works, are caused mainly
by the creation of excavations and banks (cut and fills slopes) as well as slopes with eroding river,
which in most cases are not supported by artificial vegetation and by efficiently special protective
construction works and appropriate infrastructures (drainpipes, low gravity retaining structures,
retaining walls, gabions, reinforced fills, rock buttresses, etc).
The object of this study is the systematic reconnaissance and registration of erosion and slope
movements phenomena (slope stabilization and stability of cuts and fills) along the two-lane road
Karpenisi - Proussos in Evrytania, and evaluate of some impact to the environment and especially the
changes to the geomorphological processes caused by the construction and operation of the
mentioned road (Central Greece).
Keywords: Environmental impact; erosion; human intervention; landslides; road works; slope
movement; slope stability.
1. INTRODUCTION
Road construction works in mountainous areas, with unfavorable geological-geomorphological and
soil mechanical conditions combined with the climatic conditions, especially during the winter after
persistent rain, constitute a permanent interference to the natural environment of an area. These
changes/impacts include: a. Changes to the quality of the air and of the soil, b. Changes to the flora
and fauna and the natural ecosystems, c. Changes to the landscape, d. Changes to the geology geomorphology in the area, e. Changes to the surface and underground waters. The changes in the
geology - geomorphology are mainly attributed to the excavations -cut slopes- in the artificially
modulated slopes of the road and to the long embankments which have been formed at some places for
the purposes of the construction of the roads, which have caused a linear disruption of the form of the
relief, erosion and slope movements phenomena.
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In every slope there are forces which tend to promote downslope movement and opposing forces
which tend to resist movement. The causes of landslides are usually related to instabilities in slopes. It
is usually possible to identify one or more landslide causes and one landslide trigger. The difference
between these two concepts is subtle but important. The landslide causes are the reasons that a
landslide occurred in that location and at that time. Causes may be considered to be factors that made
the slope vulnerable to failure, that predispose the slope to becoming unstable. The trigger is the single
event that finally initiated the landslide. Thus, causes combine to make a slope vulnerable to failure,
and the trigger finally initiates the movement. Landslides can have many causes but can only have one
trigger.
2. MATERIALS AND METHODS
2.1 Geographical location of the study area
The road Karpenisi - Proussos is part of the provincial road network of Evrytania prefecture, in the
mountainous section, and connects the city of Karpenisi with the village Proussos and the prefecture of
Aitoloakarnania. The largest portion of the cross-section of this road axis, has two lanes (one for each
direction) and total road width about 7,00 m. The construction of this road near the bed and on the
riverbanks of the Karpenisiotis and Krikelopotamos rivers, and on the strong sloping morphology, has
lead to intense erosion phenomena on the embankments and slope movements phenomena (rock falls,
rock topples, debris falls and debris topples, etc.) in the west (right) artificially modulated slopes.
Also, the natural conditions of draining of rainwater are disturbed, which in turn, in combination with
the reduction of density and the change of characteristics of vegetation, amplify the effects of erosion
and instability of soil-masses. These processes constitute the most important parameters responsible
for the continuous rearrangement of the relief and these results in landslide phenomena with impact on
the cost, the efficiency and the smooth operation of the road, as well as on the natural environment.
2.2 Vegetation
In the wider region of research the characteristics of vegetation are listed below: Fir forests (Abies
chephalonica and Abies borisii regis) predominate from the altitude of approximately 1.000 m, where
the city of Karpenissi is located, down to the altitude of 700 m, whereas, in lower altitudes, deciduous
forests of broadleaved species (Quercus bubescens, Quercus fraineto, Cercis siliquastrum, Fraxinus
ornus etc) and of evergreen broadleaved such as Quercus coccifera, Quercus ilex etc., predominate. In
degraded soils, in all gradient positions, a strong ticket of Quercus coccifera (garigue) dominates
whereas along the streams of the hydrographic network, regardless of altitude, mainly the species
Platanus orientalis, Alnus glutinosa, and Salix sp appear.
2.3 Geomorphology - Geology and Soil mechanical properties
Geo-tectonically, the region is considered to belong to the Pindos series and is composed mainly of the
limestones, Flysch sediments and Quaternary deposits (I.G.S.R., 1970). With the exception of the
alluvial deposits (clays, sands, and gravels) of Karpenisiotis and Krikelopotamos rivers, the
morphology of the relief, in the wider region, is mountainous with mild to steep slopes and strong
contrasts (gorges, mild valley shapes, incised meanders, alluvial plains and alluvial fans, talus slope
and rock debris, etc), differentiated according to the nature and place of geological structures, from the
limestones aged Maestrichtian-Danian to the sediments of Flysch (upper Cretaceous - lower Tertiary),
the Quaternary deposits of the Karpenisiotis and Krikelopotamos rivers, the alluvial fans and the talus
slope - rock debris at the base of a cliff or steep mountain slopes (Figures 1a & b).
More specifically, the geological composition and soil mechanical properties of the area under study
are: a. The Pelagic limestones, aged Maestrichtian-Danian, are compact and platy, with chert bands, in
close alternation with clastic limestones of microbrecciated to fine-conglomeratic structure, containing
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rudist fragments and rich in microfossils. Although at places they are smashed by through-going
rupture surfaces and strongly plicate, they maintain satisfactorily their geo-mechanical characteristics.
These limestones are subject to intense weathering - erosion phenomena, mainly due to unfavorable
weather conditions and frost prevailing in the region, which lead to slope movements phenomena
(rock falls, rock topples, debris falls, debris topples, etc) identified along the national road Karpenisi –
Proussos, b. The Flysch sediments, are composed mainly by large particle sandstone, alternating with
argillaceous schist and marly sandstone, while at places there are limestone and conglomerate layers.
The Flysch has inferior geo-mechanical characteristics and is sensitive to weathering - erosion, which
also constitutes the more important parameter of the continuous redevelopment of the relief, with the
creation of mass movements phenomena, which is particularly intense after repeated cycles of wetting
and drying. c. The Quaternary deposits are mainly the sediments that have filled the alluvial plain of
the bottom of the Karpenisiotis river valley, includes the surface disintegrated mantle thickness of less
than 5 meters and loose products include erosion- weathering formations of the background. Also this
includes talus slope, alluvial fans, which are dynamically evolving geomorphological structures and
the land masses of the old "stabilized" landslides and new "active". The talus slope in the under study
area, is an accumulation of rock debris at the base of a cliff or steep mountain slopes, which usually, in
its early stages of development, it so unstable as to inhibit growth of vegetation other than the
primitive nonvascular plants.

Figures 1a & 1b: Overhanging slope in hard and compact limestones (Photo by Mertzanis A. Date:
19 January 2012)
2.4 Surface and ground waters
The road Karpenisi – Proussos included in three drainage basins, which are Karpenisiotis,
Krikelopotamos and Trikeriotis, that drain the area of Southern Evrytania. Both the main streams as
well as the tributary streams of the study area are flow in parallel with the road Karpenisi - Proussos or
cross to it. The main direction of water flow in the rivers of the area are: a. Northeast-Southwest
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(Karpenisiotis river), b. Southwest - Northeast (Krikelopotamos river) and c. Southeast - Northwest
(Trikeriotis river). The surface runoff in the area is medium-high and exceeds a rate of 60% of total
precipitation. According to the Strahler ranking system (1957) of the drainage patterns, in map scale of
1: 50.000, the drainage patterns of Karpenisiotis, Krikelopotamos and Trikeriotis rivers are dense and
of dendrite type, while the slopes of the bed flow, at least the 1st, 2nd and 3rd degree hydrographic
network (river order), are high and show strong torrential action. The maximum altitude of
Karpenisiotis drainage basin is 2.315 m (Mountain Velouchi). The drainage basins of Krikelopotamos
and Trikeriotis respectively with a maximum altitude of 2.101 m (Mt. Kaliakouda) and 1.975 m (Mt.
Chelidona). The average slope of the central watercourses Krikelopotamos, Trikeriotis and
Karpenisiotis are respectively 4.6%, 3.2% and 2.9%. Trikeriotis drainage basin collects its water from
a reception area that formed the Karpenisiotis and Krikelopotamos basins. The contributing streams
(Karpenisiotis, Krikelopotamos), are joined together into the main river (Trikeriotis), at the point
Dipotama (altitude 430 m), under the omonymous bridge of the road Karpenisi Proussos.
The groundwater flow (aquifer) in the vicinity of the under study national road Lamia - Karpenisi is
seasonal and mainly located in the fragmented masses of old and active landslides and weathering
formations of the mantle of flysch, which as a whole is practically impermeable formation. Different
cases are the Quaternary deposits such fluvial deposits of Karpenisiotis, Krikelopotamos and
Trikeriotis rivers and the alluvial fans, slope debris, etc., which contains good to significant
groundwater (aquifer) that is recharge directly from the surface runoff and the existing rivers. The
general direction of groundwater flow, followed by smoothing the morphology of the terrain and the
direction of water flow on the ground surface, with final discharge to the beds of streams or rivers,
through small or large springs.
2.5 Investigation method
For the recording of the existing environmental situation and the hydro-geomorphological processes in
the wider region of research, there has been use of topographical, geological, soil and vegetation maps.
Also, for the determination of changes in the natural environment and particularly the erosion, mass
movement phenomena, as well as the trend over time, aerial photographs were used obtained from the
Hellenic Military Geographical Service (H.M.G.S.). This data was combined with the results from the
systematic in situ observation of erosion and landslides phenomena at the artificially modulated slopes
(excavations and banks). The above in situ observations were conducted diachronically at the months
of December and June, in the years 2010 and 2011, via various constant points "poles", placed at
selected locations.
3. RESULTS – DISCUSSION
3.1 Environmental impacts
Road construction works constitute a permanent interference to the natural environment and to the
built sites of an area. In order to assess and evaluate the impact to the environment that result from the
construction and operation of a project or an activity, it is necessary to take into account the fact that
all human activity as well as the natural process, cause alterations to the environment that are in a
position to cause disturbances or effects. The most significant of these effects are (Brofas G., 1989,
Tsochos G. 1997, US-EPA. 1997, US-EPA. 1999, C.E.C. 1999, Vavizos and Mertzanis, 2003,
Mertzanis and Papadopoulos, 2004, Mertzanis et al. 2004): a. Changes to the quality of the air and of
the soil, b. Changes to the flora and fauna and the natural ecosystems, c. Changes to the landscape, d.
Changes to the geology - geomorphology in the area, e. Changes to the surface and underground
waters.
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3.2 Changes to the geology and geomorphology
In certain cases and especially under unfavorable geological - geomorphological conditions, the
reforming of the relief is in a position to lead to deformations or intense erosion phenomena at the
excavation slopes as well as to slope movements phenomena (rock falls, rock topples, debris falls and
debris topples, etc.) such as in the case of the slope of the artificially modulated slopes of the road
Karpenisi - Proussos.
3.2.1 Erosion and slope movement phenomena
During the operation of the road Karpenisi - Proussos, there were significant changes to the geological
- geomorphological structure and the hydro-geomorphological processes and especially serious
problems relating to slope stability of the road. Width and movement type of the slope movement
phenomena (landslides, rock falls, rock topples, debris falls, debris topples) along the road Karpenisi –
Proussos, and the state of activity of erosion phenomena, as recorded by the study group, shown in the
tables 1 and 2. These changes are due to the existence of complex, mountainous terrain and the
extensive artificially formed excavation slopes in the flysch sediments and in the limestones, which
constitute the geological bedrock of the region, and which also sensitive to weathering, erosion and
slope movements phenomena (landslides, detached rock blocks fall from the jointed rock slope,
toppling of rock blocks from jointed rock slope, etc) (Figures 2, 3, 4, a & b) (Mertzanis et al. 2002,
Mertzanis and Papadopoulos, 2004, Mertzanis et al. 2004, Papadopoulos et al. 2004).
Several of the landslides and especially slides (rotational and translational slides), earth flows, mud
flows and debris flow, which have appeared previously and created problems in the operation of the
road, mainly in the section of the road between the position Dipotama to the village of Proussos, today
are stabilized or at least do not display signs of significant mobility, because of the operation by
several remedial measures (retaining walls, gabions, rock buttresses, etc).

Figures 2a and 2b: Overhanging slope in hard and compact limestones - Landslides phenomena
(rockfall - topples) on the road Karpenisi - Proussos (Position Kleidi). The arrow highligts the details
of the rockfall- topples and debris falls volume on the road surface, on the retention wall and in the
riverbed (Photo by Mertzanis A. Date: 19 January 2012). ).
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TABLE 1. Width of slope movement phenomena (landslides, rock falls, rock topples, debris falls,
debris topples) identified along the national road Karpenisi - Proussos, during the years 2010 & 2011.

Kilometric Positions

Movement type/material

Width of
mass
movement
phenomena
on the slope
(in meters)
< 50

Left or
Right
slope of
road axis
(Left=L,
Right=R)
R

K.P. 11+350 until K.P. 11+380

landslide/ sensitive &
collapsible material.

K.P. 12+600 until K.P. 13+190

rock falls & rock topples

600

R

K.P. 13+310 until K.P. 13+610

rock falls & rock topples

300

R

K.P. 13+640 until K.P. 13+720

rock topples

< 100

R

K.P. 13+810 until K.P. 14+230

debris falls & debris topples

400

R

K.P. 14+390 until K.P. 14+620

rock falls & debris falls

200

R

K.P. 15+400 until K.P. 15+480

landslide (stabilized after
remedial measures)

< 80

R

K.P. 16+380 until K.P. 16+590

rock falls & debris falls

200

R

K.P. 16+700 until K.P. 16+850

rock falls & debris falls

150

R

K.P. 16+900 until K.P. 17+080

rock falls& debris falls

< 200

R

K.P. 17+110 until K.P. 17+230

rock falls& debris falls

100

R

K.P. 17+380 until K.P. 17+510

debris falls & debris topples

100

R

K.P. 17+970 until K.P. 18+120

debris falls & debris topples

150

R

K.P. 18+210 until K.P. 18+690

debris falls & debris topples

500

R

K.P. 18+870 until K.P. 19+010

debris falls & debris topples

150

R

K.P. 19+120 until K.P. 19+320

debris falls & debris topples

200

R

K.P. 19+600 until K.P. 19+810

rock falls & debris falls

200

R

K.P. 19+890 until K.P. 19+920

rock falls & debris falls

< 50

R

K.P. 20+900 until K.P. 21+030

rock falls & debris falls

< 150

R

K.P. 21+050 until K.P. 21+110

rock falls & debris falls

50

R

K.P. 21+480 until K.P. 22+020

rock falls

< 550

R

K.P. 23+000 until K.P. 23+230

rock falls

250

R

K.P. 23+910 until K.P. 24+050

rock falls & debris falls

< 150

R

K.P. 24+580 until K.P. 25+220

rock falls & debris falls

< 650

R

K.P. 25+510 until K.P. 26+100

rock falls & debris falls

< 600

R

Source: Observations of the study group and various literature sources and existing reports
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TABLE 2. Width and state of activity of erosion phenomena identified along the national road
Karpenisi - Proussos.
Kilometric Positions

State of activity of the
erosion phenomena
(today, January 2012)

Width of
erosion
phenomena
on the
embankment
(in meters)

Left or Right
slope or
embankment
of road axis
(Left=L,
Right=R)

K.P. 11+380 until K.P. 11+520

stabilized

150

L

K.P. 12+200 until K.P. 12+300

(after remedial measures)
active

100

L

K.P. 13+630 until K.P. 13+800

stabilized

150

L

K.P. 13+850 until K.P. 14+540

(after remedial measures)
active, reactivated

700
and suspended
Source: Observations of the study group and various literature sources and existing reports

L

3.2.2 Landslide causes and triggering causal factors
A general definition of the factor of safety, F, of a slope results from comparing the downslope shear
stress, , with the shear strength, f, of the soil, along an assumed or known rupture surface: F= f .
Starting from this general definition, Terzaghi (1950) divided landslide causes into external causes
which result in an increase of sheraing stress (e.g. geometrical changes, unloading the slope toe,
loading the slope crest, shocks and vibrations, drawdown, changes in water regime) and internal
causes which result in a decrease of the shearing resistance (e.g. progressive failure, weathering,
seepage erosion). However, Varnes (1978) pointed out there are a number of external or internal
causes which may be operating either to reduce the shearing resistance or to increase the shearing
stress. There are also causes affecting simultaneously both terms of the factor of safety ratio. The
computed value of the factor of safety is a clear and simple distinction between stable and unstable
slopes. However, from the physical point of view, it is better to visualize slopes existing in one of the
following three stages: stable, marginally stable and actively unstable (Crozier, 1986).
Stable slopes are those where the margin of stability is sufficiently high to withstand all destabilising
forces. Marginally stable slopes are those which will fail at some time in response to the destabilizing
forces attaining a certain level of activity. Finally, actively unstable slopes are those in which
destabilising forces produce continuous or intermittent movement. The three stability stages provide a
useful framework for understanding the causal factors of landslides and classifying them into two
groups on the basis of their function: a. Preparatory causal factors which make the slope susceptible
to movement without actually initiating it and thereby tending to place the slope in a marginally stable
state. b. Triggering causal factors which initiate movement. These causal factors shift the slope from a
marginally stable to an actively unstable state. A particular causal factor may perform either or both
functions, depending on its degree of activity and the margin of stability (Popescu 1994). Because
landslide cause assessment is complex and landslides are not always investigated in great detail, it
appears reasonable to adopt a simple classification system of landslide causal factors. When assessing
landslide causes it is necessary to make a distinction between ground conditions and processes.
Ground conditions are the specification of the slope system, the setting on which a process can act to
prepare or trigger a failure (Brunsden, 1979).
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Figures 3a and 3b: Toppling of rock blocks from jointed rock slope on the road Karpenisi - Proussos.
The arrow highligts the details of the rockfall- topples and debris falls volume on the road surface
(Photo by Mertzanis A. Date: 28 March 2011).
The classification proposed by the Working Party on Word Landslide Inventory (1990, 1991), divides
landslide causal factors according to their effect (preparatory or triggering) and their origin (ground
conditions and geomorphological, physical or man-made processes). Ground conditions may not have
a triggering function, while any ground condition or process may have a preparatory function
(WP/WLI 1990,1991, Popescu 1994). Ground conditions or the material and mass characteristics of
the ground, can be mapped on the surface of the landslide and the surrounding ground and explored in
the subsurface by drilling, trenching and audits. Mechanical characteristics can be determined by
testing. Geomorphological processes or changes in the morphology of the ground, can be documented
by pre-existing maps, aerial photographs, surveys of the landslide, or careful observation over time by
the local population. Physical processes concern the environment and can be documented at the site by
instrumentation, such as rainfall gauges, seismographs or piezometers. Careful local observations over
time of water wells or damage from earthquakes may be acceptable substitutes. Variations in
mechanical properties with distance from the surface may, in some circumstances, indicate changes of
these properties with time. Man-made processes can be documented by site observations and from
construction or excavation records at the site. Separate identification of artificial and natural landslides
is useful for both administrative and theoretical reasons (WP/WLI 1990,1991, Popescu 1994).
Landslide causes and triggering causal factors are listed in the following “brief list of landslide causal
factors”, and include geological factors (ground conditions), morphological factors
(geomorphological processes), physical factors (physical processes), and factors associated with
human activity (man-made processes) (Popescu 1994, Terzaghi 1950, Varnes 1978, WP/WLI
1990,1991):
A. Ground conditions. 1) Plastic weak material, 2) Sensitive material, 3) Collapsible material, 4)
Wheathered material, 5) Sheared material, 6) Jointed of fissured material, 7) Adversely oriented mass
discontinuities (including bedding, schistosity, cleavage), 8) Adversely oriented mass discontinuities
(including faults, unconformities, flexural shears, sedimentary contacts), 9) Contrast in permeability
and its effects on ground water, 10) Contrast in stiffness (stiff, dense material over plastic materials).
B. Geomorphological processes. 1) Tectonic uplift, 2) Volcanic uplift, 3) Glacial rebound, 4) Fluvial
erosion of the slope toe, 5) Wave erosion of the slope toe, 6) Glacial erosion of the slope toe, 7)
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Erosion of the lateral margins, 8) Subterranean erosion (solution, piping), 9) Deposition loading the
slope crest, 10) Vegetation removal (by erosion, forest fire, drought).
C. Physical processes. 1) intense, short period, rainfall, 2) Rapid melt of deep snow, 3) Prolonged high
precipitation, 4) Rapid drawdown following floods, high tides or breaching of natural dams, 5)
Earthquake, 6) Volcanic eruption, 7) Breaching of crater lakes, 8) Thawing of permafrost, 9) Freeze
and thaw weathering, 10) Shrink and swell weathering of expansive soils.

Figures 4a and 4b: Erosion phenomena identified on the embankment along the national road
Karpenisi – Proussos (Photo by Mertzanis A. Date: 19 January 2012).
D. Man-made processes.1) Excavation of the slope or at its toe, 2) Loading of the slope or at its crest,
3) Drawdown (of reservoirs), 4) Irrigation, 5) Defective maintenance of drainage, system, 6) Water
leakage from services (water supplies sewers, stormwater drains), 7) Vegetation removal
(deforestation), 8) Mining and quarrying (open pits or underground galleries), 9) Creation of dumps of
very loose waste, 10) Artificial vibration (including traffic, pile driving, heavy machinery).
Causes and triggering factors of the slope movement and erosion phenomena, identified along the road
Karpenisi - Proussos, as recorded by the study group, shown in the table 3.
4. CONCLUSIONS
The changes to the geological-geomorphological and the hydro-geomorphological processes in the
study area, are mainly attributed to the excavations and banks (cut and fills slopes) which have been
formed in several positions for the passing of the road in the flysch sediments and in the limestones,
which constitute the geological bedrock of the region, and which also sensitive to weathering, erosion
and slope movements phenomena. More specifically the appearance of erosion and slope movement
phenomena (landslides, rock falls, rock topples, debris falls and debris topples, etc.), are mainly due to
the unfavorable geological-geomorphological and soil mechanical conditions (wheathered material,
sheared material, jointed of fissured material, adversely oriented mass discontinuities, etc) in the
artificial slopes of the road Karpenisi - Proussos in Evrytania, combined with the climatic conditions,
especially during the winter after persistent or intense rain (intense short period rainfall, prolonged
high precipitation, freeze and thaw weathering). These erosion and slope movement phenomena, have
created serious problems relating to slope stability of the road, with impact on the cost, the efficiency
and the smooth operation of the road, as well as on the natural environment.
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TABLE 3. Causes and triggering factors of the slope movement and erosion phenomena, identified
along the road Karpenisi - Proussos.

K.P. 11+350 until K.P. 11+380
K.P. 11+380 until K.P. 11+520
K.P. 12+200 until K.P. 12+300
K.P. 12+600 until K.P. 13+190
K.P. 13+310 until K.P. 13+610
K.P. 13+630 until K.P. 13+800
K.P. 13+640 until K.P. 13+720
K.P. 13+810 until K.P. 14+230
K.P. 13+850 until K.P. 14+540
K.P. 14+390 until K.P. 14+620
K.P. 15+400 until K.P. 15+480
K.P. 16+380 until K.P. 16+590
K.P. 16+700 until K.P. 16+850
K.P. 16+900 until K.P. 17+080
K.P. 17+110 until K.P. 17+230
K.P. 17+380 until K.P. 17+510
K.P. 17+970 until K.P. 18+120
K.P. 18+210 until K.P. 18+690
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- Physical processes:
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- Geomorphological processes:
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- Ground conditions:

(Sensitive material)
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K.P. 18+870 until K.P. 19+010
K.P. 19+120 until K.P. 19+320
K.P. 19+600 until K.P. 19+810
K.P. 19+890 until K.P. 19+920
K.P. 20+900 until K.P. 21+030
K.P. 21+050 until K.P. 21+110
K.P. 21+480 until K.P. 22+020
K.P. 23+000 until K.P. 23+230
K.P. 23+910 until K.P. 24+050
K.P. 24+580 until K.P. 25+220
K.P. 25+510 until K.P. 26+100
Source: Observations of the study group and various literature sources and existing reports

From the systematic observations on the slopes of the road Karpenisi - Proussos, it arises that, the
excavations (cut slopes) are important elements as regards to the “causes” and “triggering” causal
factors” for the slope movement phenomena. The changes and deformations caused to the
environment and specially to the geological - hydrogeomorphological conditions from such road
works, are in direct connection with the track of the road axis, the characteristics of the project (size of
cut slopes and bankfills, etc.) as well as the natural environmental (characteristics of vegetation),
ground and soil mechanical conditions, hydro-geomorphological, hydrogeological (surface and
groundwater) and climatic conditions prevailing in the region. according to the type of landslide.
To reduce or eliminate, the erosion and slope movement phenomena in the artificial slopes of the road
Karpenisi – Proussos, requires the construction of special protective works- remedial measures- and
appropriate infrastructures (drainpipes, low gravity retaining structures, retaining walls, gabions,
reinforced fills, rock buttresses, cut and cover tunnels, etc), according to the type of landslide.
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PHYSIOLOGICAL APPROACHES TO INCREASING HUMAN BODY RESISTANCE
TO UNFAVOURABLE ECOLOGICAL ENVIRONMENTAL FACTORS
Arkady L. Maximov
Scientific-Research Center “Arktika” FEB RAS, 24 Karl Marx Str., 685000, Magadan, Russia
E-mail: arktika@online.magadan.su

Abstract
The studied is human nonspecific resistance to ecologically unfavourable environmental factors: lack
of oxygen, excess of carbonic gas, and physical exercises. Found that, the body training at breathing
hypoxic-hypercapnic mixture proved to be very effective for increasing human body resistance to
different environmental extremes.
Key words: ecological factors, nonspecific resistance, hypoxic and hypercapnic gas mixtures
1. INTRODUCTION
The current development of the postindustrial communities and the processes of globalization
significantly influence the environmental ecology and form the complex of factors that negatively
affect human bodies. Nowadays even if people work in safe occupational conditions, yet they face
unfavourable environmental factors. Such factors can be the following: electromagnetic fields,
radioactive affection associated with the increasing use of X-rays and isotopes in medicine, synthetic
supplement intake in nutrition and every day things. Besides, in many regions of Russia, the countries
of European North, provinces of Canada, and in Alaska, USA, the populations experience a cold
factor, changed photoperiodicity, and chronobiological stress occurred at travelling within latitude
ranges.
In this regard the researches occupied in preventive medicine and human ecology, have been exploring
the methods and devices to enable a human body resist environmental extremes. The achievements
available in pharmacology that help solve the problems of human resistance to specific and
nonspecific natural-climatic and human-caused factors, at the same time have the series of negative
effects on the body functional systems, especially in remote aspect, by changing metabolism and
influencing cell genetics. At the same time the system physiological studies on natural and
experimental hypoxia exposure carried out in many countries have shown that training the body to
lack of oxygen increases its resistance to the series of unfavourable environmental factors (2, 5, 6).
However, use of hypoxic training requests chambers or special hypoxic respiration mixtures. Besides,
it also requests expensive equipment, qualified personnel that all together limit wide applying of the
technologies among the population residing in areas with natural-climatic or ecologically unfavourable
extremes. The mentioned disadvantages are not typical of the method based on rerespiration in an
isolated area that enables increasing nonspecific resistance of the body and its tolerance to many
unfavourable ecological factors (1, 3, 11). In this regard the aim of this study was to carry a
comparative estimation of body resistance to hypoxia, low temperatures and physical exercises at
different oxygen deficit regimes of training.
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2. OBJECT AND METHODS
The examined cohort was a random sample taken from males at the age of 18–39, total 697 persons
considered as practically healthy upon the beginning of the study, residing in different areas within
60°North in the Northwest and Northeast of Russian Federation. The height of the subjects was
176.5±1.5 cm, body mass was 71.4±2.1 kg. Despite the material collection took several years, the
study protocol did not change and made the procedure described below.
Before using the hypoxic mixtures each subject underwent exercise cycle test to examine the baseline
values of physical work capacity by PWC 170 AF with calculation to kg of the body mass (kg m/
min·kg) (4).
The first session lasted 10 days. In the session each subject daily performed the standard hypoxia test
that is respiring through a mask a gas mixture containing 10 % of oxygen and 90% of nitrogen. Each
respiration lasted 15 minutes. On the 3rd, 7th, 10th, and the 15th days an hour and a half after the hypoxic
test the level of physical work capacity was assessed at restoration up to physiological values in
respiration, pulse rate and oxygen saturation in hemoglobin. The further control of physical work
capacity was performed in some of the examinees every three days and in the rest of the examinees –
once a week, till their stable PWC170 AF values were registered within the baseline range. Ten days
later after having registered the baseline level of physical work capacity the second session was
performed. In the session the subjects made a rerespiration test three times during an hour, each lasted
3 minutes with 10-min breaks. Such rerespiration test cycles were performed during 15 days. Control
of physical work capacity was performed by PWC 170 AF values in the same way as it was done in the
first session. Statistic processing was made with use of Microsoft Excel 2003 program, accounting for
mean arithmetical (M), standard deviation (SD), and mean arithmetical error (±m). Significance of the
difference observed in the mean values of the analyzed samples was made by Student’s criterion (t).
The critical level of significance was considered at p 0.05. All the studies were performed with
conformity to biomedical ethics requirements. The subjects to be examined gave their written
informed consent.
3. RESULTS AND DISCUSSION
Table 1. The dynamics of physical work capacity observed in the males underwent hypoxia and
rerespiration exposure
Days of examination
Baseline
3

Physical work capacity, kg m / min · kg
at hypoxia training

at rerespiration training

11.6 ± 0.9

11.7 ±1.1

rd

11.7 ± 1.0

11.8 ± 0.8

th

7

12.1 ± 0.95

14.0 ± 0.85

10

th

12.1 ± 0.95

16.9 ± 0.9

15

th

13.3 ± 1.0

16.7 ± 0.95

Table 1 shows the averaged values of physical work capacity in the subjects at different regimes of
hypoxia exposure: respiration with 10% oxygen mixture or respiration in an isolated area
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(rerespiration). As it turned out, by the 7th day the rerespiration test resulted in reliably significant
increase in physical work capacity (t = 2.32). The hypoxia training could increase physical work
capacity at a lower reliability level only by the 10-th day (t = 1.83). Of note that, by the 15th day of the
study the increase of the physical work capacity stopped. The higher work capacity kept being
unchanged after having finished the hypoxic tests for at least 12 days while after the rerespiration test
it kept unchanged for at least 26 days.
During the studies on assessing physical work capacity it was found that, 13–15% of the examinees
were the people who had significantly lower values (11.5–13.1 kg m / min · kg) before undergoing the
tests than other subjects examined. After the hypoxia and rerespiration tests those examinees
demonstrated 15–17% elevated work capacity values. At the same time, within the sample the subjects
with higher work capacity values (14.4–16.8 kg m / min · kg) were observed. After the hypoxia and
rerespiration tests the latter increased their values by 23%. Of note that, no reliable difference between
the subjects was observed in their age, body mass, and chest circumference.
Our carried studies have shown that, among the male population aged 18–45 there can be observed the
people with innate high, medium or low hypoxic resistance (7, 8, 10). The dada of the paper and
figures 1 and 2 demonstrate that the hypoxia test in the subjects with low physical work capacity
resulted in reliably elevated pulse rates and low oxygen saturation in their hemoglobin.
Our earlier studies established that even people with the same life style and similar body mass and
physical development significantly differ in their levels of hypoxia resistance that is suggested by their
functional systems’ responses (9, 11–13, 17).
Figure 1. Pulse rate dynamics observed in hypoxia high- and low resistant subjects before (1, 2) and
after (1A, 2A) rerespiration tests during breathing the hypoxic mixture
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Figure 1 shows that the subjects with low resistance to lack of oxygen (green dotted line 2) initially
had reliably higher pulse rates either before the hypoxia test (baseline) or during the test through all
the minutes of the study as compared to those with high resistance (red dotted line 1).
After having finished the sessions of rerespiration training the pulse rate values at baseline and at
breathing the hypoxic mixture decreased in both high- and low resistant subjects. Of note that, pulse
rate values in low resistant subjects reliably 15–20 beat per min decreased on the 12th–15th minutes at
the end of the test while in high resistant ones those values only 8–10 beat per min decreased. The less
pulse rate decreasing typical of the high resistant subjects is accounted for by their higher functional
reserves that suggested their low heart rate values at baseline (58 ± 1.5 beat per min) as compared to
the similar values in low resistant subjects (75 ± 1.9 beat per min).
The values of oxygen saturation in hemoglobin also testify to initially higher functional reserves of
oxygen supply typical of the high resistant subjects (Fig. 2).
Figure 2. Dynamics of decrease in oxygen saturation in hemoglobin observed in high (1) and low
resistant subjects before (green dotted line 2) and after (red continuous line 2A) the rerespiration
training
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4. CONCLUSION
Thus, the high resistant subjects before the rerespiration training demonstrated 99.1 ± 0.2 % oxygen
saturation in hemoglobin (HbO2) at baseline and 4.6 ± 0.4 % decreased it during breathing the hypoxic
mixture. After the rerespiration training the initial HbO2 level at the beginning of the test was 99.9 ±
0.1 %, and at the end of the test 3.8 ± 0.3 % decreased. These values did not significantly differ from
those before the rerespiration training. Accounting for the little change in HbO2 before and after the
rerespiration training, we gave its dynamics in Figure 2 at hypoxia test only at the beginning of the
training.
The subjects with low hypoxia resistance demonstrated different dynamics of oxygen saturation in
hemoglobin before and after the training. At baseline HbO2 values before and after the training had no
significant difference being equal to 98 ± 0.4 %. On the 15th minute of the breathing the hypoxic
mixture (1st day of the training) there was observed 23.2% decreasing of oxygen saturation in
hemoglobin and became equal to 74.8 ± 0.7 %. After having performed all the rerespiration training
the oxygen saturation in hemoglobin (HbO2) decreased and was 88.7 ± 0.5 % at the end of the hypoxia
test.
Accounting for the fact that besides the rerespiration training our examined subjects also underwent
hypoxic mixture training, we compared the dynamics of changes in the heart rates and oxygen
saturation in hemoglobin observed in high- and low resistant examinees. As it turned out, the influence
of the hypoxia training on decrease in the pulse rate dynamics and increase in oxygen saturation in
hemoglobin was less pronounced. That is after the rerespiration training, the low resistant examinees
showed no reliable difference in their heart rates beginning from the 5th minute of breathing hypoxic
mixture till the end of the test and demonstrated their HbO2 levels to reach 89% at that moment, while
after the hypoxia training the pulse rates at the end of the test did not decrease lower than 92 ± 3 beats
per minute and oxygen saturation in hemoglobin did not exceed 80.5 ± 0.7%. Thus, the effectiveness
of the rerespiration training, accounting for other equal conditions and the work capability values,
proved to be 20–25% higher than the breathing standard hypoxic mixture test. As it has been already
shown by our and other studies, the resistance to hypoxia to a high degree correlates with the body
resistance to unfavourable environmental factors. In this regard the rerespiration method can be
recommended for wide application as a way of increasing human nonspecific resistance in case of
contact to the changed gas environment. (lack of oxygen and excess of carbonic gas), radiation, low or
high temperatures, physical exercises (14, 16, 18).
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Abstract
It was studied the content of heavy metals around the Zinc and Lead Plants in Eastern Kazakhstan in
soils and plants growing in this region. The study of wild grass species of flora in Kazakhstan, widely
spread in the contaminated area around metallurgical plants showed that the investigated species
have accumulated a significant amount of heavy metals mainly in the roots. Concentrations of heavy
metals in plant parts were similar to conventional threshold concentration for plants
hyperaccumulators, but not fully comply with this status. It was concluded that the investigated plants
can not be used for phytoextraction, but they are usable for phytostabilization of heavy metals in
contaminated soils.
Key words: wild grass species, heavy metals, lead, zinc, phytoextraction, phytostabilisation
1. INTRODUCTION
Toxic manmade danger is greater threat to humanity, and this threat is growing continuously. One of
the problems is the contamination of ecosystems by heavy metals. Eastern Kazakhstan region is an
industrial center that focuses on a number of strategic objects of the chemical industry, machinery, etc.
Here is a powerful mining and metallurgical industry's largest plants for production of non-ferrous and
rare metals. The territory of Eastern Kazakhstan region is experiencing a strong human-induced
pressures in different stores accumulated about one billion tons of solid waste. In the air, water and
soil contain about 100 pollutants ([Zarkin et al., 1999; Shariphanova and Belgubaeva , 2009). Evergrowing volumes of waste of industrial production form the new man-made landscapes. They become
sources of intense dust and apply for hundreds of miles, contaminating the environment and posing a
threat to human health and biodiversity of the region (Tasekeev, 2004). Heavy metals entering the
atmosphere and soil from industrial emissions and actively affect the vegetation and ecosystems as a
whole. The soils of the Eastern Kazakhstan region is the most polluted by Zn, Cd, Pb, Cu as a result
of prolonged activity smelters in Zyryanovsk, Ridder, and Ust-Kamenogorsk (Panin, 1998). Heavy
metals are contaminants of anthropogenic origin, which are highly toxic, mutagenic and carcinogenic
effects. An important feature of heavy metals is that they belong to a class of non-specific substances
which are "normally" present in the biosphere, in contrast to specific pollutants such as pesticides.
Another difference from other contaminants - heavy metals does not apply the concept of "selfpurification".
As a result of migration and dispersion of heavy metals is irreversible increase their concentration in
water, soil, air, food, i.e. the pollution of natural environment and biota (Panin, 1998). Near industrial
plants instead of natural phytocenosis arises modern “manmade flora”, which can grow without visible
symptoms of toxicity in contaminated soil (Shkolnik and Alekseeva-Popova, 1983). These plants
tolerate to high concentrations of heavy metals in soil and accumulate them in their parts. This
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property of plants are widely used in recent years to clean contaminated soils. Phytoremediation
involves using plants to clean the environment as an alternative to engineering technologies (Chaney,
1995, 1998). Phytoremediation is defined as the technology of using plants to clean contaminated
soils, as a cost-effective and safe compared with other physical and chemical methods of purification
(Prasad, 2003). The technology of phytoremediation include phytoextraction (the use of plants to
extract metals from soil), phytovolitalization ( the use of plants for the volatilization of the chemical
elements), rizofiltration (the use of plant roots to extract metals from flowing water) and
phytostabilization ( the use of plants to transfer metals to less toxic forms, but without removing them
from the soil) (Wenzel, 2000). For phytoextraction of heavy metals from the soil most favorable is the
use of plants-hyperaccumulators of heavy metals (Reeves and Baker, 2000). The term
"hyperaccumulator" refers to plant species that accumulate 10-100 times more metals than
conventional plants.
These plants can be used to extract toxins from the soil and thus may contribute to the restoration of
fertility of contaminated land. Hyperaccumulators are endemic to those soils that are contaminated
with heavy metals and do not compete with other species in the unpolluted soils. Accumulation of
metals by plants in non-toxic form, is one of the strategies used by plants for survival under conditions
of severe environmental pollution (Grill, 1989). Currently, generally accepted definition of R. Brooks
(Brooks, 1998), whereby hyperaccumulators of heavy metals are the plants which accumulate in the
shoots of zinc (Zn) > 10 000, lead (Pb) > 1000, cadmium (Cd) > 100 mg/kg. Plants-nonaccumulators
should accumulate on non-polluted soil Zn < 100, Pb < 10 and Cd < 1 µg/g, respectively, in
contaminated soils – Zn < 1000, Pb < 100, Cd < 10 µg/g, respectively (McGrath, 1998).
At present in Kazakhstan poorly studied the ability of wild species to accumulate heavy metals in of
plants growing in contaminated areas. In this regard, the study of metal accumulation activity of
natural species in Kazakhstan is particularly relevant and timely, and use the most suitable species for
phytoremediation of contaminated soils is the most promising direction. The study of accumulation of
heavy metals by plants, wide spread in the contaminated areas in Kazakhstan, the selection of tolerant
and able to accumulate heavy metals plant species is a necessary step for the development of
phytoremediation technology in Kazakhstan. The aim of this work was the screening of wild plant
species, growing on the contaminated area around the metallurgical plants of Eastern Kazakhstan, on
the metal-accumulating ability to search for plants-hyperaccumulators.
2. MATERIAL AND METHODS
The wild grass species of the family Poaceae: cocksfoot (Dactylis glomerata L.), a fire inermis
(Bromus inermis L.), white bent (Agrostis alba L.), timothy grass (Phleum pratense L.), couch
(Agropyron repens L.) widely spread around metallurgic plants in Eastern Kazakhstan were identified.
Grass seedlings were collected in August with roots. Soil from roots was removed gently and
mechanically without washing. Washing roots may result in uneven loss of certain trace metals (Dunn
1992). All samples were air dried for 4 days and divided into roots and shoots. Then they were then
dried at 105°C for 3 h, ground and analysed.
Samples of soils and plants were collected from the territory of Zinc and Lead Plants (“Center”) and
500 meters from the plants to the North, South, East and West of the enterprises. The contents of trace
metals in shoots and roots were determined as described next. Plant samples (0.5 g) were digested in a
mixture of 5 ml of 50% HNO3 and 0.5 ml HCl at 95 ± 5° according to standards for operation
procedures (LMN/SOP-06, 2001). Samples were transferred to digestion block (section) at
temperature 90±5 , closed by glass and heated without bringing to a boil for 10-15 minutes. Then
they were cooled and added 5 ml of concentrated HNO3, moved in digestion block with 90±5 ,
closed by glass and heated without bringing to a boil for 30 minutes before the disappearance of
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brown fumes. Then the samples were cooled and added 2 ml of water and 3 ml of H2O2, continued
heating up until the volume has been reduced to about 5 ml, removed from digestion blocks, allowed
to cool, filtered, washed filter and added deionized water up to final volume to 50 ml. Proceeded to the
analysis of samples, using the appropriate SOP.
The concentrations of metals in plants and soils were measured by atomic absorbtion
spectrophotometry using an AAnalyst 300 (Perkin Elmer, Germany) (LMN/SOP-08 ( FLAA), 2001).
Installed Winlab AAnalyst. Installed and aligned the lamp HCL/EDL. Give a 25-minute readiness
HCL lamps to stabilize, and lamps EDL - 45 minutes (for the same purpose). Closed the window
"Align Lamps". Installed the operating pressure about 0.7 kgf/cm2 for acetylene and 2.8-3.0 kgf/cm2 compressed air. Then the calibration procedure was performed and samples were analysed.
STATISTICAL ANALYSIS OF DATA
The data were analysed statistically using two-way ANOVA with species and treatments as main
effects for shoot and root concentration of metals in plant parts. All values were expressed as the mean
of three measurements for each treatment. Values represent means ± standard error (SE).
3. RESULTSAND DISCUSSION
3.1. Assessment of soil contamination around a lead and zinc smelter in Eastern Kazakhstan.
The first stage was the determination of heavy metals content in soils around metallurgical plants in
Eastern Kazakhstan. Samples were collected from the territory of Zinc and Lead plants (Center) at a
distance of 500 meters from the plants to the North, South, East and West of the enterprises.
The soils around Zinc plant (ZP) and Lead plant (LP) differed on the content of heavy metals. Soils
around metallurgical plants had high concentrations of lead (Pb) (12.3 - 12 672.4 mg / kg) and zinc
(Zn) (355.7 - 129792.3 mg/kg) (Table1).

Table 1.

Soil content of heavy metals around metallurgic plants

Regions

Cd

Pb

Cu

Zn

Zinc Plant, South

539.1±17.8

5990.4±215.6

5616.0±179.7

129792.3±467.2

Zinc Plant, West

11.3±0.4

12.3±0.5

43.2±1.5

355.7±13.9

Zinc Plant, North

120.0±4.5

1645.3±64.2

1749.3±69.9

22990.8±804.6

Zinc Plant, East

9.3±0.29

195.8±7.0

373.8±14.6

2898.3±101.4

Zinc Plant, Center

83.5±3.0

932.8±30.8

645.7±23.2

17881.9±679.5

Lead Plant, South

35.8±1.1

3046,0±109,6

449.2±14.8

3893.0±120.6

Lead Plant, West

11.0±0.3

1308.9±45.8

159.8±5.3

1598.7±57.6

Lead Plant, North

22,4±0,7

4769.2±175.4

1073.7±38.1

22972.4±748.8

Lead Plant, East

20.0±0.5

1723.9±65.5

1079.3±41.0

5796.5±226.0

Lead Plant, Center

134.9±4.7

12672.4±430.7

1519.1±51.6

22986.2±750.1

In soil samples the content of Zn and Pb was much higher than Cd and Cu. The most polluted by
Pb sites was found on the territory of LP and the least polluted site - to the West of the ZP.
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Sites on the content of Pb can be arranged in the following order: LP, "center" > ZP, South > LP,
North > LP, South > LP, East > ZP, North > LP, West > ZP, "center" > ZP, East > ZP, West.
The highest content of Zn was found in the soils to the South of the ZP. Least Zn content was found
in the soils to the West of the ZP. Sites on the content of Zn can be arranged in the following order:
ZP, South > ZP, North > LP, "center" > LP, North > ZP, "center" > LP, East > LP, South > ZP, East
> LP, West > ZP, West.
Thus, the most polluted by heavy metals areas were located to the South and to the North of the ZP
and in the territory of Zinc and Lead Plants (“center”). Minimal contaminated by heavy metals
areas were found to the West and East of the ZP and the LP.
3.2 Contamination of plants, growing around Lead Plant and Zinc Plant in Eastern Kazakhstan.
It was collected and identified species of plants around the Zinc and Lead Plant in Eastern Kazakhstan
(Ridder) at a distance of 500 m from the plants. Dactylis glomerata L., Bromus inermis L., Agropyron
repens L., Agrostis alba L. and Phleum pratense L. are the most common plant species in this area.
The study of heavy metals content in the plant parts growing around the metallurgical plants shown,
that the species differed on the level of accumulation and distribution of heavy metals in plant parts.
Agropyron repens L. had a low level of Pb accumulation in the aboveground parts at low and
medium-polluted soils (Table 2). The lead concentration in the shoots of Agropyron repens
increased with increasing concentration of metal in the soil, but was lower than in other species.
It should be noted that in the aerial parts of this species found relatively low levels of Pb in comparison with roots even at the highest metal concentrations in soil, indicating that an active protective
function of the distribution of root system. The content of lead in the roots was low at relatively low
concentrations in soils. With further increase in concentration of Pb in soil metal content in the curve
steadily climbing up the roots, which indicates that at low concentrations in the environment of
selective permeability of cell membranes of roots prevents free penetration of metals into root cells,
and at high concentrations in relation to breach the barrier function membrane permeability and an
increase in its drastically increases the concentration of metal in the roots. For example, when the
concentration in soil up to 932.8 mg/kg (ZP, the epicenter) the concentration of this metal in the roots
of the species remained relatively low (270.5 mg/kg). With further increase of Pb concentration in the
soil in the roots of this plant it has been steadily climbing up, reaching 3 982.8 mg/ kg with on soil
with a maximum content of Pb (12672.4 mg/kg, LP, “center”). To assess the degree of removal of
heavy metal by shoots necessary to calculate the ratio of heavy metal content in the shoots and in the
roots (shoot/root ratio), i.e. rate of translocation of the metal. Usually for hyperaccumulators used for
phytoextraction of heavy metals, the mean of ratio is greater than one.
It was calculated the ratio of the metal content in aerial parts of its content in the roots i.e.
translocation rate of the metal. The value of shoot/root ratio of metal in plants-hyperaccumulators,
which commonly used for phytoextraction is greater than one. The coefficient of Pb translocation
(shoot/root ratio) of A. repens was < 1 in almost all studied areas (Table 3).
For D. glomerata concentration of Pb in the roots sharp increase to the West of the LP up to 3179,2
mg/kg (soil concentration Pb - 1308.9 mg/kg). In the shoots of all species the content of this metal is
still relatively low compared with roots. This is a manifestation of pronounced protective distribution
function of roots, which are concentrated heavy metals and limit their intake of photosynthetic and
reproductive plant parts. Only in the most contaminated area at the center of LP for the concentration
of this metal in the soil 12 672.4 mg/kg content in the shoots rises sharply (Table 2), probably due to
strong air pollution.
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Table 2. Lead concentration in plants, growing around
Kazakhstan
Plant

Dactylis
glomerata

parts

Bromus inermis
Zinc Plant , West.

Shoots
Roots

Roots

Roots

Roots

Roots

10.80±0.39

109,8±4,2

164,7±6,9

36,7±1,4

171,8 ±6,5

119.8±4.3

Roots

27,90±0,89

56,3±2,2

146,7±5.4

-*

159,7±6,1

99,8±3,7

69,3±2,5

870,0±36,5

-

Roots

190,0±5,7

179,8±5,8

191,7±6,0

68,3±2,7

269,7±8,36

140,0±4,9

270,5±8,4

121,7±3,8

83,6±2,8

Roots

-

107,7±3,9

243,8±8,8

51,8±1,7

3719,2±141,3

-

309,8±11,8

254,0±9,1

239,7±8,9

Roots

581,0±20,9

83,1±2,8

118,8±4,3

69,9±2,9

384,0±15,7

1897,0±75,8

149,8±5,8

87,5±3,4

149,0±5,4

Roots

Total soil Pb –1723,9 mg/kg

146,0±5,5

96,1±3,8

101,8±3,6

69,9±2,3

8,2±0,3

567,7±117,6

1545,9±19,7

2735,0±15,1

525,0±11,9

399,2±40,7

Total soil Pb –3046,0 mg/kg

387,7±13,9

162,8±6,1

233,5±9,8

99,9±3,7

354,5±12,1

2164,3±69,2

1339,1±52,2

1331,8±59,0

1527,8±58,0

3137,5±11,9

Total soil Pb –4769,2 mg/kg

279,8±9,8

98,8±3,6

100,1±3,7

304,6±9,7

539,7±22,7

2800,0±117,6

546,3±19,7

399,1±15,1

2776,6±119,3

2917,6±113,7

Total soil Pb –5990,4 mg/kg

85,1±0,3

291,6±8,0

125,0±4,4

452,0±15,8

8,5±0,4

97,5±3,12

101,8±3,6

2125,3±72,2

988,0±30,5

308,1±9,9

Lead Plant, Center
Shoots

Total soil Pb –1645,3 mg/kg

176,0±5,0

Zinc Plant, South
Shoots

Total soil Pb –1308,9 mg/kg

372,6±13,4

Lead Plant, North
Shoots

Total soil Pb –932,8 mg/kg

256,9±9,2

Lead Plant, South
Shoots

Total soil Pb –195,8 mg/kg

92,4±3,2

Lead Plant, East
Shoots

Total Soil Pb –12,3 mg/kg
26,2±1,1

Zinc Plant, North
Shoots

Total soil Pb –12672,4 mg/kg

3760,0±146,8

709,1±7,1

287,6±9,2

339,7±12,5

419,6±14,2

6715,9±255,0

6787,8±237,5

3982,8±151,0

2496,0±82,0

4789,4±181,9

Footnote: «-» - the species not found
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Phleum
pratense

44,9±1,67

Lead Plant, West
Shoots

Agrostis alba

249,0±8,9

Zinc Plant, Center
Shoots

Agropyron
repens

26,2±0,9

Zinc Plant, East.
Shoots
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In B. inermis lead content in the roots begin to rise sharply at concentrations in the soil above 1645.3
mg/kg to the North of the ZP and reaches more than 6000 mg/kg of lead at a maximum soil
concentration(12672.4 mg/kg of soil) (Table 3).
To the South of the LP in the roots of A. alba and P. pratense rises significantly compared with
areas with relatively low content in the soil.
For the use of plants for phytoremediation is not only important to know the concentration of metal in
the plant organs, but the ratio of the metal content in aerial parts of its content in the roots (shoot/root
ratio) or factor translocation. Therefore, shoot/root ratio of Pb for the studied specieswas calculated. In
all investigated species lead accumulated predominantly in the roots. In these species shoot/root ratio
of Pb was lower than one in all studied pots (Table 1).
Table 3. Shoot/root ratio for lead
Soil content of Pb,
mg/kg

Agropyron
repens

Dactylis
glomerata

Bromus inermis

Agrostis alba

Phleum
pratense

ZP, West -12.3

1.2

0.24

1.5

0.15

0.09

ZP, East – 195.8

0.81

0.58

0.3

0.17

-*

ZP, Center- 932.8

0.66

0.95

1.36

1.58

0.82

LP, West – 1308.9

0.35

0.1

-*

0.96

0.22

ZP, North – 1645.3

0.55

0.46

0.3

0.60

0.47

LP, East – 1723.9

0.04

0.26

0.06

0.13

0.02

LP, south -3046.0

0.18

0.18

0.05

0.07

0.11

LP, North – 4769.2

0.25

0,1

0.18

0.11

0.18

ZP, South – 5990.4

0.06

0.87

2.86

0.46

0.03

LP, Center –
12672.4

0.07

0.56

0.10

0.14

0.09

Footnote: «-» - the species not found

For D. glomerata this value was close to 1 (0,95) at the center of ZP. At the center of LP D.
glomerata accumulated up to 3760.0 mg/kg, which exceed the threshold concentration for Pbhyperaccumulators (1000 mg/kg) in the shoots, but the shoot/root ratio of Pb was less than one.
For B.inermis and A. alba factor of translocation in the center of ZP was > 1, and for other species
this value was close to one, probably, due to strong air pollution. In highly contaminated soils (LP,
Center) the content of Pb of the studied species was equal to 0,03-0,4%, in roots - 0,2-0,7% of dry
weight. The highest percentage of Pb was in the aboveground parts of D. glomerata (0,4%) and in the
roots of D. glomerata and B. inermis (0,7%). Lead content in the roots of plants in highly
contaminated soils at the center of LP (12,672.4 mg/ kg Pb in the soil) can be arranged as follows: B.
inermis
D. glomerata > P. pratense > A. repens > A. alba. Content of lead in the aerial parts
decreased in the following order: D. glomerata > B. inermis > Ph. pretense > Agrostis alba>
Agropyron repens.
Investigated species accumulated Zn predominantly in plant roots (Tables 4, 5). Coefficient of Zn
translocation from roots to shoots of investigated plant species was lower than one (Table 4). Plants
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A. repens on the soil with a high concentration of Zn (ZP, South) accumulated the highest amount of
this metal in the roots compared with other species. The concentration of Zn in the roots of A. repens,
A. alba and P. pratense to the South of ZP (29 934.1, 14 820.3 and 10 383.3 mg/kg, respectively)
were significantly higher than those of other species.
Bioconcentration factor of Zn in less contaminated soil was more than one, in highly contaminated
soils - less than one. In highly contaminated soils to the South of ZP (12 9792.3 mg/kg)
concentrations of zinc in grass species can be arranged as follows: in the roots - A. repens > A. alba
> P. pratense > B. inermis > D. glomerata; in the shoots - A. alba > A. repens > B. inermis > D.
glomerata > P. pratense. In this area the percent of Zn for P. pratense was equal to 1%, A. alba –
1,4%, A. repens – by 3%.
Table 4. Zinc concentration in plants, growing around metallurgical enterprises in Eastern
Kazakhstan, mg/kg
Plant parts

Dactylis
glomerata

Bromus inermis
Zinc Plant , West.

Agropyron
repens

Agrostis alba

Phleum
pratense

Total Soil Zn – 355,7 mg/kg

Shoots

181,8±6,4

249,5±9,0

226,7±7,5

195,9±6,9

162,7±5,7

Roots

1547,2±49,5

3095,0±117,6

522,6±19,9

1688,3±60,7

1028,7±36,0

Lead Plant, West

Total Soil Zn

–1598,7 mg/kg

Shoots

299,7±10,4

-*

126,7±4,6

319,7±11,8

265,4±7,7

Roots

6300,0±239,4

-

499,7±19,5

909,6±34,5

359,6±14,0

Zin Plant, East.

Total soil- 2898,3 mg/kg

Shoots

510,7±18,3

199,7±6,9

247,6±8,9

828,6±29,8

-

Roots

1647,0±59,2

948,8±33,2

1166,9±45,5

4789,5±167,6

-

Lead Plant, South

Total soil Zn –3893,0 mg/kg

Shoots

729,4±25,5

379,7±14,4

409,3±14,3

138,8±4,9

355,6±12,8

Roots

5126,6±179,4

2578,4±92,8

1815,6±74,7

2516,5±95,6

2697,8±105,2

Lead Plant, East
Shoots
Roots

169,7±6,1

303,7±12,4

161,7±4,14

679,7±25,8

192,9±7,3

1139,3±36,4

2942,3±105,9

1647,0±67,5

1989,6±65,6

968,0±34,8

Zinc Plant, Center
Shoots
Roots

Roots

1300,0±49,4

1298,9±46,7

1498,2±47,9

1399,4±47,6

2697,3±105,1

1600,0±57,6

3194,2±108,6

2195,3±79,1

1747,5±102,3

309,4±11,8

379,9±14,1

595,3±23,8

1049,6±37,8

3539,3±120,3

2197,4±79,1

1147,5±43,6

9288,8±325,1

5095,9±43,8

1350,0±48.6

103

Total soil Zn–22972,4 mg/kg

519,8±20,7

Lead Plant, Center
Shoots

Total soil Zn–17881,9 mg/kg

1499,4±63,2

Lead Plant, North
Shoots

Total soil Zn–5796,5 mg/kg

271,7±9,8

Total soil Zn–22986,2 mg/kg
709,1±23,4
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Roots

1948.8±70.2

2894,8±104,2

Zinc Plant, North
Shoots
Roots

Roots

4238,9±135,6

5936,9±189,9

Total soil Zn –22990,8 mg/kg

101.,0±3.6

4472.8±147.6

698.7±25.1

1068.9±38.4

453.5±15.4

4588.9±165.2

6981.8±251.3

2177.4±82.7

1516.0±57.6

2160.0±84.2

Zinc Plant, South
Shoots

3992,8±139,7

Total soil Zn–129792,3 mg/kg

1498.2±56.9

1498.2±53.9

2743,9±104.2

4900.0±186.2

997.0±35.9

2300.0±89.7

2896.5±107.2

29934.1±1047.6

14820.3±533.5

10383.3±394.6

Footnote: «-» - the species not found

Analysis of the experimental data showed, that wild grass species, growing around
metallurgical plants of Eastern Kazakhstan, accumulate significant amounts of lead and
zinc mainly in the roots.
It is known that for hyperaccumulators the thresholds of concentrations of absorbing metals
have the following values (mg/ kg): Zn - 10000, Pb and Cu - 1000; Cd – 100, the ratio of the
metal content in aerial parts of its content in the roots must be greater than one (Brooks,
1998). The investigated plant species do not belong to hyperaccumulators, because the
concentration
of heavy metals in
plant parts lower than the
thresholds for
hyperaccumulators.
Table 5. Shoot/root ratio for Zn
Soil content of Zn,
mg/kg

Agropyron
repens

Dactylis
glomerata

Bromus inermis

Agrostis alba

Phleum
pratense

ZP, West -355.7

0.43

0.12

0.08

0.12

0.16

LP, West – 1 598.7

0.25

0.05

--*

0.35

0.74

ZP, East – 2 898.3

0.21

0.31

0.21

0.17

-

LP, South -3 893.0

0.22

0.14

0.15

0.06

0,14

LP, East – 5 796.5

0.1

0.15

0.1

0.34

0,20

ZP, Center- 17 881.9

0.4

0.56

0.19

0,68

0,08

LP, North – 22 972.4

0.33

0.14

0.64

0,06

0,21

LP, Center –
22 986.2

0.18

0.7

0.09

0.1

0.1

ZP, North – 22 990.8

0.32

0.22

0.6

0.7

0.2

ZP, South –
129 792.3

0.09

0.65

0.5

0.33

0.1

Footnote: «-» - the species not found

104

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
Analyzing the data, it should be noted that the Pb content in the aboveground parts was lower than
one. But for some species the shoot/root ratio was greater than one: A. repens – 1.5 (ZP, West), A.
alba - 1.6 (ZP, “Center”), B. inermis - 1.36 (ZP, “Center”) and 2.9 (ZP, South). But that this fact is
not a natural phenomenon suggests that such data do not exist in other areas, and it is likely the result
of atmospheric pollution, rather than metal translocation from roots to aboveground parts.
Thus, at this stage of the investigations found no plants in full compliance with the definition
hyperaccumulator of heavy metals. But according to the literature data for Zn and Pb in
nonaccumulating plants in the contaminated soil must be less than 1000 mg / kg for Zn and less than
100 mg / kg for Pb (Brooks, 1998). In this case, Pb and Zn contents for the studied species was much
greater than for nonaccumulating plants on the contaminated soil. Pb concentration values for D.
glomerata, B. inermis, A. alba were much higher than 100 mg/kg (the threshold concentration for Pb
nonaccumulators) and the concentration of Zn was greater than 1000 mg/kg (the threshold
concentration of Zn for nonaccumulators) for all species in the highly contaminated soil. Although
these species do not concentrated in the aboveground organs, these species accumulate metals in
significant amounts in the roots.
As mentioned above, there are several types of phytoremediation of soils contaminated with heavy
metals. Plants-hyperaccumulators, which mainly accumulate heavy metals in the aboveground parts,
mainly used for phytoextraction of heavy metals from the soil. Phytotabilization is a type of
phytoremediation and is defined as a technology, which aims to immobilize heavy metals in the root
zone and prevent the distribution of metals in the soil profile. For phytostabilization it is very
important the property of plants to reduce the transport of heavy metals in aboveground parts, to
avoid the promotion of metals through the food chain (Wenzel, 2000, Ghosh and Singh, 2005).
Herbaceous plants are usually resistant to trace amounts of metals and play an important role in
phytoremediation (Wang et al., 2007, Li et al., 2009, Zhang et al., 2010). They have well-developed
adventitious roots, the unique morphology of the root system (Li et al., 2009), the high biological
productivity (Liu et al., 2009), and, therefore, have an additional advantage for use in
phytostabilization. In addition, herbs are often associated with mycorrhizal and endophytic fungi
(Punamiya et al., 2009).
Investigated species D. glomerata, B. inermis, A. repens, Ag. alba and Ph. pratense accumulated Zn
and Pb in high concentrations mainly in the roots in highly contaminated soils. A. repens is known as a
plant that can be used for stabilization of Pb in soil (Glass, 1999). Investigated species are the most
suitable candidates for their use for phytostabilization of metals on the contaminated area.
Thus, the study of wild grass species of flora in Kazakhstan, widely distributed in the contaminated
area around metallurgical plants showed that the investigated species accumulated heavy metals in
amounts close to the generally accepted threshold concentration for plants-hyperaccumulators, but
they are not fully consistent with this status. The investigated grass species can be used for
phytostabilization of heavy metals on contaminated soils.
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Abstract
The special plants irrigation (orchards, hop-gardens and vineyards) increases and sets crops
provably. Irrigation influence on the crop formation is difficult and depends mainly on the correct
application of the water irrigation in dependence on the growth phases during the vegetation period of
a given year. The complexity is also caused by the fact that the special plants are perennial plant with
the lifetime up to 20 years, while the consumptive water usage depends on the age, plant nutrition and
a tree crown formation. Moreover the water potential is different in the individual parts of the tree-top
with respect to exposition, distance from the centre of the tree crown up to the tree crown border and
age of plant tissues.
An excessive plant warming during the day also emphasis by the climate change influence in Slovakia
conditions mainly concerned with leafs surface is regulated by the plant intensive transpiration. Heat
balance also influences intensity of evaporation and wind velocity. While the plants are not able to
protect the overheating of leafs surface by the increased transpiration, the stomata are closed,
disconnect transpiration, lost turgor and photosynthesis process is interrupted This sequence of
processes also occurs in conditions of soil water sufficiency in rooting zone. It comes to a paradox of
the photosynthesis disconnecting in a state of sufficiency of available soil moisture. This state may last
in dependence on the external conditions, up to several hours. Consequence is an active respiration
process with subsequent lost of the organic matter.
Application of aeration irrigation during the high summer temperatures is possible by the correct,
goal-directed aeration irrigation with the effect of subsequent temperature decrease and the relative
air moisture increase. This way we regulate a microclimate of the plant habitat and prevent the
photosynthesis reduction. The aeration irrigation not only increases the crop yield but also improves
others fruits characteristics – juiciness, fruits coloration and sugar content.
The submitted paper will try to describe the aeration irrigation influence on the change of the thermic
regime of the special plants in climate change conditions in Slovakia.
Key words: climate change, evaporation, aeration irrigation
1 INTRODUCTION
The conventional cooling, where the irrigation water withdraws temperature, which is needful for
changes of the state from the air, from the plant environment and cooling air surrounds plant. By this
is decreasing the vegetation temperature. This irrigation has to be performed continually, while
cooling is not a very effective.
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Water cooling is performed with irrigation application by sprinklers on plants, while relatively cold
water directly cools the leaves surfaces; therethrough is decreasing the vegetation temperature. A
disadvantage is a permanent irrigation, during the critical temperatures, what can cause water wastage
and nutrients soil washing during the soil profile washing.
Third possibility is to use micro-sprinklers for vapour cooling; where the minimal water amount on the
leaves surfaces, but mainly the fine drops in the surroundings of the aerosol change form state. This
cools tightly around vegetation environment and leaves surface, while the result is synergic. This
irrigation method is the most effective from the view of the plants protection, but also from the view
of low water consumption.
Water, which is applied on plants, uses one or more above mentioned mechanisms. The climatic
conditions, application method, duration and amount, under which is water applied is applied,
determine the relative contribution during each method. An effective irrigation system will seek the
most effective evaporation cooling. (Van der Gulik,1995)
2. MATERIALS AND METHODS
PHYSICAL PRINCIPLES
The four main forms of energy transfer are radiation; conduction (or soil heat flux); convection (i.e.
fluid transfer of sensible and latent heat properties) and phase changes associated with water.
Radiation is energy that comes from oscillating magnetic and electric fields and, unlike the other
transfer mechanisms; it can transfer through empty space. Good example is energy from sunlight or
from surface standing near a fire. Radiation that is intercepted by a surface is commonly expressed in
terms of energy per unit time per unit surface area (e.g. W.m-2). In frost protection, the net radiation
(Rn) is an important factor.
Conduction is heat transfer through a solid medium, such as heat moving through a metal rod or
through the soil. Technically, a soil heat can be measured with a thermometer, because it is sensible
heat, however it moves mainly by conduction (i.e. from molecule to molecule) through the soil. When
energy passes through the soil by conduction it is called soil heat flux density, which is commonly
expressed as units of energy per unit time per unit surface area that it passes (e.g. W m-2). The four
forms of heat transfer are:
Conduction, where heat is transferred through solid material from molecule to molecule.
Sensible heat flux, where warmer air is transferred from one location to another.
Radiation, where heat is transferred as electromagnetic energy without the need for a medium . and
Latent heat flux, where sensible heat is converted to latent heat during water vaporization and
converts back to sensible heat when the water molecules condense or deposit (as ice) onto a surface.
Sensible heat is energy that we can "sense," and temperature is a measure of the sensible heat content
of the air. When the sensible heat content of air is high, the molecules have higher velocities and more
collisions with each other and their surroundings; so there is more kinetic energy transfer. For
example, a thermometer placed in warmer air will have more air molecule collisions. Moreover an
additional kinetic energy is transferred to the thermometer and the temperature reads higher. As
sensible heat in the air decreases, the temperature drops. Sensible heat flux density (is the transfer of
sensible heat through the air from one place to another. The flux density is expressed as energy per
unit time per unit surface area (e.g. W m-2) that the energy passes through.
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Latent heat is released to the atmosphere when water is vaporized and the latent heat content of the air
depends on the water vapour content. Latent heat changes to sensible heat when the water changes
phase from water vapour to liquid water or ice. As water vapour moves, the flux density is expressed
in units of mass per unit area per unit time (e.g. kg m-2 s-1).
Latent heat flux
During the water vapour condensation and freezing, latent is changed to sensible heat and the
temperature of air and other matter in contact with the liquid or solid water will temporarily rise.
Latent heat is chemical energy stored in the bonds that join water molecules together and sensible heat
is heat that can be measured with a thermometer. When latent heat is changed to sensible heat, the air
temperature rises. Once ice melts or water evaporates, the sensible heat is changed to latent heat and
the air temperature falls. Table 1 shows the amount of heat consumed or released per unit mass for
each of the processes. The temperature goes down when the energy exchange is negative.
Table 1. Energy exchange of water due to cooling and phase changes (Snyder, et al.,2005)
PROCESS

ENERGY

Water sublimating (ice to vapour) at 0°C

-2835.5 [J.g-1]

Water evaporating (water to vapour) at 0°C

-2501.0

Ice warming

[J.g-1]
[J.g-1.°C-1]

-2.1

Fusion (ice melting at 0°C)
Water warming

[J. g-1]

-334.5
-4.1868

[J.g-1.°C-1]

Water vapour flux density is the flux of water molecules per unit time per unit area (i.e. kg s-1 m-2).
When it is multiplied by the latent heat of vaporization (L ´= 2.501 × 106 J kg-1 at 0 °C), the water
vapour flux density is expressed in energy units (i.e. W.m-2). Evaporation is important for protection
against high temperatures. (Snyder, e al.,2005)
OWN MEASUREMENTS
From the available literature is not obvious, how exactly air-conditioning effect of the cooling
irrigation, will become evident on temperature of the vegetation, how the cooling effect is, how long it
lasts, and what has the direct connection with the using of the management of the air-conditioning
irrigation regime. The literature sources indicate only examination of the quality change and fruits
colouring during the air-conditioning irrigation and that only during last 3 weeks before harvest.
Another well known research was oriented on the content changes of the acids, colorants, enzymes
and further matters in fruits by using air-conditioning irrigation. A research, which is oriented on the
direct management of the irrigation regime and their effect during using air-conditioning irrigation, is
not know from the available literature.
Our measurements have been performed in the fruit-garden area of the Slovak Agricultural University
in Nitra during the month August 2011. Apples variety was Idared, lines widths were 4,5 meters;
plants spacing 2 meters; silvicultural shape – vertical pelmet; and age of the vegetation: about 20
years. For observation of the temperature changes has been used digital temperature sensors Dallas DS
1820, with accuracy 0,1oC. They were connected into groups and then coupled into sensor Hygrosens
USB 128. Irrigation water temperature 12oC. It were used about 30 temperature sensors for the
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irrigation variant in one measure profile, which was right on the lines direction and a similar
configuration was used for non-irrigated variant. The sensors configuration is shown in the enclosed
chart on the Figure 1.

Figure 1. Scheme of the
temperature measuring probes

The micro-sprinkler irrigation was applied by Flippers`
micro-sprinklers, Figure 2, from the Israelite firm Naan Dan.
The water consumption was 25 litres per hour for one microsprinkler, working pressure 2,5 bar; sprinklers distance were
4 meters. The micro-sprinklers were placed on the wooden
construction, under the trees in the high of 3 metres so; that
the upper trees branches did not restrain full sprinklers
functionality. The micro-sprinkler is constructed by that
way, that the spurt beam has fan shape, which is overset in
the direction of the lines.
The sprinkler dribbling is 6
metres; the width of the
irrigation strap was 2
meters. Therefore there
were irrigated only plants;
the inter-straps were not
irrigated.
The
lines
orientation was northsouth and as a result whole
plants were gradually
enlightened by sun. During
the morning sun lighted
eastern part and after-noon
western part; while any
part of the plant was
shadowed permanently.
Figure 2. Micro-sprinkler
Flipper (NaanDanJain)

3. RESULTS AND DISCUSSION
Measurements had been performed in the range of the schema, shown on the Picture 1, while
displayed graphs represent only examples of the characteristics` results. From the outcomes analyse
results that applied irrigation, by the microsprinkler irrigation, influences on the vegetation
temperature with an important measure. The biggest exposal was measured on the top surface of
treetop; which is threatened by the scorching of the leaves and fruits the most, with the present
physiological evolution restrictions during the growth and progress. The results are obvious from
Figures 3 to 12. For the objective research of the cooling process during the irrigation followied by the
temperature increasing after the irrigation shut-down, it was changing the intervals with and without
irrigation.
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Figure 3. The course of temperature change on the thermometer No.1

Figure 4. The course of temperature change on the thermometer No.2

Figure 5. The course of temperature change on the thermometer No.3
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Figure 6. The course of temperature change on the thermometer No.4

Figure 7. The course of temperature change on the thermometer No.5

Figure 8. The course of temperature change on the thermometer No.6
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Figure 9. The course of temperature change on the thermometer No.7

Figure 10. The course of temperature change on the thermometer No.8

Figure 11. The course of temperature change on the thermometer No.9
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Figure 12. The course of temperature change on the thermometer No.10
The irrigation interval, as well as interval without irrigation, lasted 1 hour. The reference
measurements of the air temperature had been performed by the standard meteo-station, which was
placed about 100m from the experimental base. From the results it is clear, that the irrigation reliably
decrease temperature of the vegetation in the most threaten parts about 8°C. The cooling was
displayed practically right after the beginning of the irrigation by the advancement and after the
irrigation cut-off the temperature was increasing 20 minutes until the state, which was in the control –
no irrigated line. From the reason of the irrigation water saving, it was important to assess the
irrigation regime by this way, that the period with irrigation and without irrigation were 10 minutes,
what stabilized temperature of the vegetation until 24°C. This assured also the physiological
development without the water stress as well as plants and fruits protection against scorching.
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ADVANCED TRENDS IN UNDERGROUND CONSTRUCTION
Boris B. Danilov and Boris N. Smolyanitsky
N. A. Chinakal Institute of Mining, Siberian Branch, Russian Academy of Sciences,
54 Krasny Prospect, Novosibirsk, 630091, Russia

Abstract
The researchers consider specific features of the underground construction technology and propose
the ways to improve the construction safety. The specifications of the device for “dry” drilling of
horizontal holes in the ground are evaluated. The paper focuses on the state-of-the-art specific
construction operations, namely, the rod reinforcement of a soil mass, the injection strengthening and
stabilization of foundations and autobahn and railway ground beds to eliminate available
imperfections.
Key words: borehole, compaction, ground, injection, soil reinforcement
Nowadays the processes for trenchless laying of underground communication lines actually appear
indispensible in the municipal construction industry because of the high housing density and
underground space stuffed with abundant communication lines, and the forced transition of the
underground construction to deeper levels. It becomes the common practice to employ the trenchless
pipe laying as the only feasible way to implement a construction project.
The key operation in the trenchless laying of communication lines is the hole-making in a rock mass.
A great number of hole-making technologies, developed and employed in the world practice up to
date, are based on three basic hole-making processes: perforation (piercing), punching and drilling of
holes, (Gurkov et all, 1990). The modern trenchless technologies generally involve the horizontal
drilling. Widely used are drilling machines, where the soil is loosened and conveyed from a borehole
by means of a drilling mud, thereto, some components of a drilling mud deposit on borehole walls thus
improving their strength and stability and prevent them against caving. The processes are
distinguished for high performance. Moreover, lubricating properties of a drilling mud tend to reduce
resistance and to increase appreciably a new-made hole length.
However, the mentioned technological advantages can result in a number of imperfections, viz.,
incorrect geometry of a new-made hole with unacceptable contraction or expansion of its crosssection, (Rybakov, 2005). The mentioned hole geometry defects promote the formation of cavities
filled with a drilling mud and diffused soil and are absolutely prohibited in the hole-making operations
beneath roads, buildings and other constructions in terms of security, because such cavities within a
soil mass are more likely to induce heaving or subsidence of the daylight surface during the holedrilling process (Fig. 1) or much later after the construction is completed.
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Fig. 1. Swelling of the daylight surface under the pressure of the drilling mud in the hole-reaming
operation.
The “dry” hole-drilling process with no use of any fluid has been developed by researchers working
for N. A. Chinakal Institute of Mining, SB RAS. The new process, based on the partial soil
compaction, is free of the above imperfections and improves the underground construction safety. In
the hole-making process the most portion of soil is loosened and removed from a borehole and the less
portion of loosened soil is pressed into borehole walls. Thereby the walls of a borehole are stabilized
at the expense of specific properties of soil itself, rather than a drilling mud or other auxiliary materials
(Gileta, 2001).
The ratio between soil volumes pressed into hole walls and recovered from a hole is an important
characteristic of the complex hole-making process, as this ratio directly effects the hole wall stability,
energy consumption, and other parameters of the process. It is of prime value to evaluate the minimum
soil volume to be pressed into hole walls in order to gain the optimal wall density.
It is well known that there is the critical soil-compaction level above which it is not rational to apply an
energy impact any longer. The further deformation is not accompanied by the increase in density, but
results in greater area within which consolidation bonds of soil particles are lost with subsequent
rhetropic weakening of a soil mass (Tsytovich, 1979). The latter process in the combination with the
inevitable moisture displacement from the compacted soil layers increases the risk of the hole-wall
caving.
The soil compaction factor for hole walls depends on the soil volume removed per a unit of the holewall surface area (Danilov, 2004). The ratio of the ring cross-section area to its external circular length
(S/L) in essence is the same characteristic, which relates the soil compaction to the geometric
parameters of the instrument (Fig. 2), used in the complex hole-making process.
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F

Fig. 2. Ring-shaped stamp for hole-making with partial soil pressing into hole walls.
The relation between the design specifications of the ring-shaped instrument and the soil compaction
value has been calculated from the published research evidence on the hole making by air punches,
which produce the soil compaction effect in its motion (Gurkov et all, 1990). The relationship between
the specific soil density directly at hole walls and different S/L values for two soils differing in the
primary density was established (Fig. 3), the primary soil density being taken as a specific density
unit.

Fig. 3. Relationship between a specific soil density and the ratio (S/L) of compacted to
recovered soil volumes.
In the S/L domain from 18 to 24 (Fig. 3) the soil deformation acquires quite new quality characteristics
in terms of soil mechanics with the appreciably reduced rate of the relative density growth and the
induced caving of soil layers from hole walls. Therefore, the cited S/L values can be recommended as
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the parameter domain, where the wall compaction value is close to the value of the similar parameter
for holes made by an air punch.
The real opportunity to make actually well-calibrated holes of the correct geometrical shape is another
advantage of the proposed complex process, inasmuch the risk of swelling and subsidence of the
daylight surface is substantially reduced.
The other weighty problem of the municipal construction under conditions of high-density housing or
“spot” development, in particular, is the reinforcement or stabilization of the ground base or deep pit
walls, steep slopes, or other ground slopes in the close vicinity of operating buildings and facilities.
The transition to the large-scale construction of high-rise buildings with the developed underground
infrastructure stimulated the demand for commercialization of advanced processes for reinforcement
of foundations, deep-pit walls, man-made damps, steep slopes, etc.
The similar state of things is typical of the road construction and exploitation of the autobahns and
railways. Continuous high-capacity rolling stock impact, seasonal temperature changes promote the
origination of ground-bed deformation, landslide defects in dams and pits, mallet plate and floor,
pockets and single voids, followed by emergency accidents and high economic losses.
In the world practice the rod strengthening is widely used to stabilize steep or vertical pit slopes,
damps, and trenches (Tsytovich, 1979). The rods or trunnels, driven, pressed or fasten with the cement
and sand grout slurry into a ready-made borehole, form a solid soil-reinforcing supporting wall of
large proper weight (Fig. 4). The reinforced strengthening mechanism is based on friction and
cohesion forces, originated between rods
and soil.
Fig. 4. Rod strengthening of a pit slope.
The rod reinforcement is performed in
layers, starting from the soil surface. In
general, a pit is developed by benches of
roughly 2 meter height. The standard
reinforcement operations at each bench
involve
the
external
surface
strengthening against soil slides, erosion,
the driving of rods into a soil mass and
fastening them to a protective apron. The
surface can be protected by cement
spraying or geotextile or other material
coverings. Hereafter, the next underlying
bench is developed and the slope-reinforcement process is repeated, thus the resultant reinforced soil
mass behaves as a single supporting system.
The slope reinforcing rods are the periodic- or screw-shaped corrugated reinforcement rods of 12-28
mm in diameter. Depending on a soil type and available machinery, reinforcement rods can be driven,
screwed, pressed into, or mounted through ready-made holes of 60-120 mm in diameter and locked
with a cement-sand grout slurry (boring-and-injection pins).
From the evidence published by US Construction Association experts the soil strengthening costs are
twofold lower as compared to the costs of the conventional soil stabilization technologies at lower
material consumption: 3,3 - 3,5 times for concrete and 5,9 - 9,6 times for steel (Kaganov et al., 1996).
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The need for special construction operations implies the introduction of advanced processes for
reinforcement and strengthening of a soil mass. Special machinery enables to perform these
operations, for example, world known companies, such as Bauer Specialtiefbau, GMBH, Germany
manufacture such machines, being, as a rule, mobile, heavy, cumbersome, and rather expensive. The
use of such facilities is constrained or even impossible at pit benches, dump slopes and pits.
The portable air hammers with an end-to-end axial channel have been developed and manufactured at
N. A. Chinakal Institute of Mining, SB RAS, to perform these operations, Fig. 5 (Esin et al., 1986).
The large-scale commercial tests of the new facilities proved their efficiency under field conditions.
The air hammers are designed mainly to drive rods into soil at any canting angle and to recover rods of
12-65 mm diameter and 2-10 m length from a soil mass. The impact effect is transferred through a
clamping device to a rod cross-section. It is a very important feature because the rod does not lose its
stability in this case and the hammer can operate in confined conditions, thus appreciably expanding
the technological potential of the new facility. When driving a rod into soil, the air hammer is capable
to introduce concurrently such design components, as bars of the boring-injection pins or special
anchors into a new-made hole.

Fig. 5. Rod strengthening of a soil slope by
using a portable air hammer with an end-to-end
axial channel.
There are no domestic or foreign
analogues to the air hammer design under
consideration. The specific clamping device
provides a unique feature to the new air hammer.
As a rod section fixed by the clamping device
moves into a soil mass and approaches the soil
surface, on operator’s command the clamping
device moves along the rod with no external
force applied and clamps it at the required direction from the surface for the next energy impact. The
specifications of the air hammer proposed by authors are presented in Table 1 and its operation is
demonstrated in Figs. 6 and 7.
Table 1. Specifications of the portable air hammer with an end-to-end axial channel.
Parameter

Model
PUM-3

PUM-35

PUM-65

Rod diameter, mm

12-25

20-30

35-65

Minimum energy impact, J

40

100

180

Minimum impact frequency, Hz

10

10

9

Air consumption, m /min

1,5

2,5

4,5

Compressed air pressure, MPa

0,6

0,6

0,6

Length, m

0,7

0,8

0,8

Mass, kg

18

30

60

3
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Fig. 6. Injection strengthening of a pole pedestal by using PUM.
Advantages of annular PUM devices verified by many-years exploitation experience:
- design simplicity at high reliability;
- ease in exploitation in the space-limited pit environment, inside or in the close vicinity of buildings
and constructions;
- possible close dislocation of the device from a working face preserves the stability of a rod to be
driven into a rock mass;
- concurrent fulfillment of different technological operations: driving or recovery of tube-shaped rods,
possible use of a free end to supply different materials: injected or binding fluids, solutions or
respective design components;

Fig. 7. PUM used to stabilize a weak base of slide-hazardous soil piles.
The annular air hammers passed the full-scale field tests (Kritsky et al., 2003). Their efficiency was
proved in the construction of two Novosibirsk Metro stations where the preference was given to the
rod strengthening of pit walls, rather than massive metal-intensive sheet piles. The length of reinforced
pit wall was 600 m at 80º canting angle, and the pit depth being 21 m at one of stations. The soil slope
surface was protected with 1 1 m concrete plates against erosion. The 6-years observation of the soil
mass behavior did not reveal any rock inrushes, soil slides or other disturbances.
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According to estimates of experts working for Novosibirskmetroproekt Co. the rod stabilization of pit
slopes provided 45% saving of the construction costs as compared to that of the conventional
technologies due to the reduction in labor costs, material consumption, and machinery operation and
maintenance costs. Thereto, the metal consumption is reduced by 80-85%, and the time of machinery
operation is cut down by 30-40%. Calculated per each square meter of stabilized soil surface, the labor
costs are reduced by 3.0-3.5 man-days, the metal saving amounts to 38,5 kg, and cement saving is 0.7
cu. m. (Esin et al., 1986).
In view of the above the authors conclude that the complex process for hole-making with partial soil
pressing into hole walls makes it possible to erect holes of the proper geometry and stability,
acceptable to perform a hole-casing and the communication pipe laying. The air hammers with the
end-to-end axial channel (PUM) exhibit high performance in specific construction operations: the rod
reinforcement of soil slopes, reinforcement and stabilization of soil foundations, elimination of defects
in autobahn and railway soil beds.
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Abstract
Day by day greenhouse gas emissions increase dramatically. A passive adaptive method of lighting
energy savings, daylight responsive systems are considered one of the best solutions for energy
efficiency, saving and prevent CO2 emissions. Results of an annual experiment which was held in
Sakarya University proves the necessity of daylight responsive systems with a 41% energy saving and
942.5 kg of prevented CO2 emissions. Thinking this prevention is realized just only in a 36 m2 room
with the use of 8 luminaries, spreading such systems to nationwide, a major amount of greenhouse gas
emissions would be prohibited. On the other hand energy saving is not the only way to reduce CO2
emissions. Again in Sakarya University a project has started to investigate the possibility of
illumination of a complete building by using solar energy. This paper evaluates these mentioned
systems both in energy efficiency, greenhouse gas emissions prevention and economic point of views.
Key words: energy efficiency, lighting energy savings, solar energy in lighting, greenhouse gas
emissions
1. INTRODUCTION
Rapidly depleting energy sources and increasing greenhouse gas emissions made lighting energy
saving approaches for interior lighting extremely significant for every country around the world.
International and National bodies try to embed lighting energy saving regulations into legislations and
laws. International Energy Agency (IEA) and International Committee on Illumination (CIE) are in
co-operative works with United Nations, European Union and OECD recently. Main goal of these
works, as mentioned in IEA’s publication “Daylight in buildings a source book on daylighting systems
and components, A Report of IEA SHC Task 21/ECBCS Annex 29”, is to maintain energy efficiency
and prevent greenhouse gas emissions. Following the footsteps of international endeavour this paper
concentrates on energy saving approaches “daylight responsive lighting control” (DRLC) and solar
energy installation.
National and International energy statistics indicates the severity of the lighting energy saving subject.
In 2008 total electricity consumption of Turkey is 198.2 TWh due to Turkish Electricity Generation
Inc., and 14% of this amount consumed in office buildings (TEDAS 2009). 15 - 20% of this
consumption is thought to pertain to the artificial lighting systems. With a simple calculation lighting
energy consumed in office buildings in just a year’s time is found as 5.6 TWh. If International
Building Research Establishment (BRE) publication of Energy Consumption Guide and Chartered
Institution of Building Service Engineers’ (CIBSE) previous reports are studied, it is seen that 20 –
40% of worldwide building energy consumption is directly related to artificial lighting systems. In
USA, governmental buildings are responsible more than 1/3 of national electrical energy consumption
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and 25 – 40% of this value is due to artificial lighting energy consumption (Krarti, 2000). Statistics
about Canada show that 10% of institutional electrical energy consumption is directly related to
lighting (NRC Report, 2000). In European Union non-residential annual lighting energy consumption
is about 160 TWh and 40% of this consumption is originating from building artificial lighting systems
(Bertoldi and Ciugudeanu 2005).
Reducing energy use reduces energy costs and may result in a financial cost saving to consumers if the
energy savings offset any additional costs of implementing an energy efficient technology. Reducing
energy use is also seen as a key solution to the problem of reducing emissions. According to the
International Energy Agency improved energy efficiency in buildings, industrial processes and
transportation could reduce the world's energy needs in 2050 by one third, and help control global
emissions of greenhouse gases.
Some studies on improving the energy efficiency of office building's lighting system design have
already been done. For example in an office building in UAE by changing incandescent lamps to led
lamps power consumption reduced by a dramatic ratio of 76% (Soori and Alzubaidi, 2011). In a
Portuguese school building a similar study has been carried out. In this study for indoor lighting,
besides the replacement of existing electromagnetic ballasts by electronic ballasts, three alternatives
have been evaluated: The replacement of T8 fluorescent lamps by T8 Eco lamps, by T5 lamps adapter
and by LED tubes. Before replacing T8 lamps annual energy consumption reduction was 1 209 kWh
and greenhouse gas reduction was 568.44 kgCO2e/year. By using T8 eco lamps consumption reduction
increased to 3 389 kWh and greenhouse gas reduction is increased to 1592 kgCO2e/year. By using T5
lamps consumption reduction increased to 3707 kWh and greenhouse gas reduction increased to 1742
kgCO2e/year. But the best performance was with LED tubes. By using LED tubes consumption
reduction increased to 10 111 kWh and greenhouse gas reduction increased to 4 751 kgCO2e/year
(Lemos, Coelho and Valdez, 2011).
As LED lighting reduces energy consumption and greenhouse gas emissions, countries have started
changing outdoor lighting as well as indoor lighting. Braun Lighting Solutions of Berlin and Future
Lighting Solutions have equipped the historic Schinkel Street, in the city of Leipzig, with modern
LED technology as part of a project to install intelligent lighting in the city (EETimes Europe, 2011).
The new lamps consume only 22W, compared to the 85W power consumption of the lamps they
replace. This 73.3% reduction in the power load provides a total reduction in power use of 89 369
kWh per year, and reduces CO2 emissions by 60.8 tonnes per year. Philips has announced a major deal
to distribute 200 000 LED lamps in South Africa, in collaboration with Eskom, the country’s stateowned utility company, and Karebo Systems, a local distributor. The program is aimed at saving 58
GWh per year, equivalent to ZAR 41 million (USD 5 million), as well as reducing CO2 emissions by
60 000 tonnes (Leds Magazine, 2011). The city of Hódmez vásárhely in south-east Hungary has
replaced all of its street lights with more than 6 200 LED luminaries supplied by Tungsram-Schréder,
a Hungary-based member of the Belgium-based Schréder Group. The new lighting scheme is expected
to generate energy savings of between 35% and 40% for the city and it has also enabled the city to cut
CO2 emissions by 415 tonnes (LedTube, 2011).
As it seen in the statistics lighting energy covers an important ratio of the global electrical energy
consumption. Consequently significance of interior lighting energy saving studies increases day by
day. Taking daylight as the main energy and light source is the latest method of energy saving and one
of the most significant issues.
In this article the level of lighting energy saving is searched by using automatic lighting control. In this
research it is aimed at reducing energy consumption by using the daylight in the most efficient way
and by using new lamp technologies and getting results for Sakarya and for cities that has the similar
geographic characteristics.
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Fig.1 Total Site Electricity Consumption (NSTC, 2008)
2. DAYLIGHTING EXPERIMENT
A test room is assigned for the study and experiment by the Engineering Faculty of Sakarya
University. The room is on the ground floor of a three storey engineering faculty building, M-4. The
exact coordinates of this room are 40º 74´ North latitude and 30 º 33´ East longitude. The surface area
of the test room is 36 m2, and it has one window oriented to the northwest. Since the window may
have has glare because of the daylight penetration, a cream coloured light proof roller blind is
available for room users during the experiment period. In fact the window does not take 100%
possible direct sun light due to outer obstacles, which include trees. Thus, a bothering glare does not
result in the test work place. Northwest-facing window is 2.45 m x 1.75 m and has a total area of 4.29
m2. The effective window area is 3.52 m2 according to the related IEA Task 21 report (IEA, 2000);
similarly, the effective window height is 1 m.
The ceiling of the test room is white, the walls are cream, and the floor is light brown (reflection
factors measured respectively as c=0.86, w=0,73, f=0.4). The ceiling height of the test room is 2.85
m. An artificial lighting system of the room is recessed in the suspended ceiling, and it was replaced
with a new one before the experiment. The new system consists of 8 special production double
parabolic mirror louver luminaries; each one has two identical 58 W fluorescent lamps. Fluorescent
lamps have 4 000º K of colour temperature and 5 200 lm luminous flux. Luminaries are positioned in
three rows perpendicular to the window in accordance with the pre-built ceiling system and connected
individually to dimmable electronic ballasts (DALI ballasts) that are operated by the Osram DALI
Basic RC lighting automation system. Data is transferred between automation system and devices by
means of an asynchronous, half-duplex, serial protocol over a two-wire differential bus, with a fixed
data transfer rate of 1 200 baud. Thus working digitally, automation system prevents any erroneous
command due to voltage surges.
Above mentioned automation system provides a maximum illumination level of 1 250 lux on the
working area without the effect of daylight and is active from 08:30 to 18:30 every day of the week; it
operates in accordance with the daylight. As it can be seen, the maximum illumination meets CIBSE
standards (1987) and IEA recommendations (IEA 2000 – Atif, Love and Littlefair 1997). Control unit
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light sensors measure the illumination level on working areas and simultaneously report that to
lighting automation system to ensure 1 250 lux at any time of the day.
Several previous studies (Manav, 2007, Laurentin et.al. 1998, Roche, 2002, Newsham et.al., 2004,
Boyce, Veitch and Newsham 2006) indicate that office workers prefer higher illumination levels in the
working areas for visual comfort. Study of Aries revealed the fact that people who work below 1 000
lux of vertical illuminance were considerably more tired and had worse sleep quality than those who
worked under more than 1 000 lux of vertical illuminance. The assigned test room is used as an office,
an experiment classroom where experiments are held under mains voltage, and a test room at different
times of the year both in formal education (daytime) and evening education. In such mediums extra
attention and visual awareness is required. Users of the room also preferred higher illumination levels
during one to one try-outs; thus, the constant illumination level of the room for the experiment period
was set to 1 250 lux. Study of Kretschmer, Griefahn and Schmidt (2011) support the idea of using high
illumination levels, such as 1 300 lux, under dangerous circumstances especially at selected and
divided attention point of view.
Luminaries were adjusted in 3 channels (2-3-3), and each channel has a different lighting zone and
light sensor that measures the actual illumination value and reports that to the controller. The
automated lighting system adjusts the total luminous flux of each luminaire between 0 and 10 400 lm
due to the illumination level requirements of the working areas of every other zone. Realizing that
lighting control divides rooms into zones gives us the opportunity to retain the same illumination level
in different working areas of the room.

Fig. 2. Lay-out of the test room
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There are four independent calibrated light in the automation system, which are located in the room as
shown in Fig. 2. These sensors measure illumination levels in different lighting zones and working
areas every 10 minutes, and these measurements are recorded by a data collection unit (Daqpro 5300).
Light sensors, selected due to data collection unit properties, give voltage responses up to 10 volts
Electrical parameters, such as voltage, lamp currents, active – reactive powers and total harmonic
distortion are measured and stored every 10 minutes with an electric energy analyzer (Janitza UMG
503). Furthermore, a temperature measurement tool (Dickson SP-25) records samples at 5 minutes
intervals. The temperature measurements allow determining the temperature increases in the room due
to the heat effect of daylight; as a result, the amount of cooling electric energy needed to balance the
room temperature and the real energy consumption can be calculated.
Total energy consumption of the system was recorded as 10 300 Wh in a ten hour working day, while
1 250 lux of illumination level was provided on the working places. A manually controlled light-proof
roller blind was used to obstruct daylight penetration, or solar radiation, during the working hours in
the test days. The light-proof roller blind was used later only if the users of the room felt
uncomfortable because of resulting glare on the working places or direct sunshine during the
experiment. After collecting the required data, the main experiment started on August 2008.
2.1. Results of Daylighting Experiment
2.1.1. Energy Saving Results
Using the data collected by the analyzer, the energy effects of the daylight responsive system can be
obtained. The percentages of related savings are shown, as seen in Fig. 3, the average energy savings
value over 12 months is 40.78% I the experiment period.

Fig. 3. Annual energy saving curve (in arranged form)
To verify the energy saving results of the annual experiment, the next 2 year periods were also
monitored. Blackout and problematic days excluded, total of 349 and 352 days respectively are taken
into account within energy savings calculation. The average energy savings value over the next 12
months between August 2009 and July 2010 is 40.96% and 40.21% for August 2010 and July 2011.
These results indicate the realistic potential of DRLC systems in long term use for the end user.

129

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
Table 1. Weather conditions for experiment and monitoring periods (blackout days excluded)
Clear

Mixed

Overcast

Total

Energy

Days

Days

Days

Days

Saving %

Experiment Period

160

76

109

345

40.78

Monitoring Period 1

167

74

108

349

40.96

Monitoring Period 2

158

78

116

352

40.21

Month

Table 1 shows the weather conditions in Sakarya during the experiment implementation. Days are
classified as clear, mixed and overcast according to data from the National Meteorology Institute of
Turkey (MGM). This classification is made by MGM based on the sunshine duration of the region.
According to the data obtained from MGM, the weather is generally very clear in between May and
August. In this period, 50 to 61% of lighting energy savings is provided. However, at the beginning of
September and the fall, the weather became cloudy and overcast so that energy saving values fell, as
Onaygil and Güler (2003) indicated before. Most, average and least lighting energy savings realized in
June 09, March 09 and December 08 respectively.
2.1.2 Greenhouse Gas Emissions
Using electrical emissions factor it is possible to calculate each country’s CO2 emissions. Electrical
emissions factor for Turkey is calculated as 0.65 tCO2/MWh by SEE-Stats, an international energy
statistics institution. So using TEDAS and SEE-Stats data, CO2 emissions originating from interior
lighting applications is calculated by the formula given below;
Annual CO2 Emissions = Annual Energy Consumption * Electrical Emissions Factor

(1)

For Turkey, the result of this calculation (5.6 x 106 MWh x 0.65 tCO2/MWh) is approximately 3 640
000 tones. This amount of CO2 emission affects global warming in an unfavourable way and may
cause serious health problems to public.
At the end of the experimental study, between August 2008 and July 2009, a total of 1 449 209 Wh
lighting energy saving is realized. Total amount of prevented CO2 emissions is found as (1.45 MWh x
0.65 t / MWh) = 942.5 kg. Calculating the prevented value of CO2 emissions for monitoring periods,
946.66 kg and 929.33 kg values are obtained. These preventions are realized just only in a 36 m2 room
with the use of 8 luminaries.
3. SOLAR ENERGY PROJECT
Turkey may be counted as a lucky country due to its geographical location. Turkey’s solar energy
potential is comparatively high to the European countries. Annual sunshine duration of Turkey is
2 640 hours (7.2 hours on daily basis) and annual average radiation density is 1 311 kWh/m2 (3.6
kWh/m2 on daily basis) (Marka, 2011). Acreage of Turkey is 779 452 km2 and the amount of solar
energy per capita is about 14 000 000 kWh thinking population of the country is 70 million. This value
is more than 5 000 times bigger than the amount of annual energy consumption per capita: 2 700 kWh.
Based on these information the thoughts of using solar energy to save electrical energy and reduce
greenhouse emissions related to electrical lighting are arisen. Sakarya University is in Marmara
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Region of Turkey and Sakarya’s sunshine duration and radiation density values are very close but
under of Turkey’s average values. M-6 building is a four storey, south east oriented Engineering
Faculty Building. Total lighting electrical energy consumption value of M-6 building, losses included,
is 58 000 kWh. SunPower E19/320 solar panel is chosen to use in this project. This panel has 320 W
of peak power. To calculate the number of solar panels Eqn.2 of Güclü (2009) can be used.

Number of Solar Panels =

(2)

Taking system efficiency 1.25 for the worst case scenario, while average daily sunshine duration is
6.45 hours for Sakarya, number of solar panels is calculated as 352. Next step is the calculation of
declination angle of sun ( ) and the inclination angle of the panels ( ). Declination angle is given
Eqn.3. and Eqn. 4.

= 23.45

sin[

(

)

]

=

(3)

(4)

n is the days of the year in Eqn.3. These days can be taken as equinox days or characteristic days of
the year for any single country. is given as 40.46º for Sakarya (EIE, 2011). Calculating and for
Sakarya the average value of is between 17º and 43º in the months when the radiation density and
sunshine duration are most (from March to October). Using an automatic sunshine tracing system for
the solar panels might increase the efficiency but installation of this system raises the cost of the solar
system and opted out. Value of is taken as a constant 30º. Taking photovoltaic panel contamination
3.5% for Turkey (EIE, 2011), 352 solar panels are adequate to feed M-6 building lighting installation
when sunshine is available. The solar system is divided into two parts by using 31 kW inverters
against any faults and to decrease cable cross-sections.
M-6 building is used in weekdays from 8:00 am to 10:00 pm. As a result 14 hours of electric lighting
usage is required. Average daily sunshine duration is 6.45 hours for Sakarya so 46% of electrical
energy demand is compensated by the solar system.
3.1. Results of Solar Energy Project
3.1.1. Energy Saving Results
M-6 building is used in weekdays from 8:00 am to 10:00 pm. As a result 14 hours of electric lighting
usage is required. Average daily sunshine duration is 6.45 hours for Sakarya so 46% of electrical
energy demand can be compensated by the solar system. That means a total of (0.46 x 14 x 58000 x
260) 97 115 200 Wh energy can be saved through a year.
3.1.2 Greenhouse Gas Emissions
Using Eqn.1 the possible prevention amount of CO2 gas can be calculated as (97.115 MWh x 0.65 t /
MWh) = 63 130 kg for just M-6 building.
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4. CONCLUSIONS
Talking about both strategies, reasonable amounts of lighting energy savings, stable illumination
conditions and significant amount of prevention of CO 2 emissions are prominent benefits. Daylighting
experiment held without using motion sensors in an office – laboratory type of building. Spreading
such a system to M-6 building, 15 000 € are needed at most to spent (including ballast changings) and
with a 41% of energy saving, CO2 emissions raises by 5% compared to solar system. Use of motion
sensor can increase the energy saving level by another 20% and reduce CO2 emissions dramatically.
In contrary 365000 € are needed to install such a solar system to feed lighting system of M-6 building.
A better value of greenhouse gas emissions is reached in comparison to daylighting system but refund
duration of the solar installation is very long.
This study indicates that changing conventional lighting systems in present buildings with automated
dimmable lighting systems provides high percentages of greenhouse gas emissions reductions and has
shorter refund times. On the other hand solar energy approaches have a great potential of energy
saving and greenhouse gas reduction but this type of installations shall be installed to the new
constructions and shall be used in regions that have longer average sunshine durations, such as
Mediterranean and Southeast Anatolia regions. Marmara region does not fit for a complete solar
energy installation. Specific applications would be better to realize in such regions and cities of
Turkey.
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Abstract
This paper presents the effect of the polyfunctional monomer triallylcyanurate (TAC) on the
mechanical properties of the Si (silicone) rubber cross-linked by electron beam (EB) and microwave
processing. The control samples were obtained by cross-linking with benzoyl peroxide in a hydraulic
press at 160oC. The results indicate that the application of new technologies will lead to a significant
improvement in physical and mechanical properties of finished products and to optimize the curing
stage, the most important operation of the technological process for obtaining elastomeric materials.
Key Words: silicone rubber, cross-linking, electron beam, microwave, triallylcyanurate
1. INTRODUCTION
Vulcanisation is the process by which rubber is changed from essentially a plastic material to either an
elastic or a hard materiall. There are several possibilities for the crosslinking of rubber. Sulphur
vulcanisation was the first to be discovered and still is today’s most common cure system. Other
vulcanisation systems, i.e. peroxides, ultraviolet light, resins, etc. were later discovered and gained
more importance with the progressive development of synthetic rubbers. Radiation technology
(electron beam, microwave, gamma rays) has emerged as one of the foremost techniques for the
processing of rubber materials and have many advantages over other conventional methods [1].
Electron beam (EB) vulcanization has demonstrated extremely positive results compared to the
conventional curing system such as: no polymer degradation due to high temperature as EB crosslinking occurs at room temperature, no oxidative degeneration in polymers as observed in classical
cross-linking, direct cross-linking by C-C linkage by EB, extremely strong bonds, high degree of
cross-linking, extremely short curing cycles, zero blooming effects; extremely high tensile strength;
extremely high resistance to compression set; extremely high resistance to oils, grease, lubricants;
highly improved accelerated ageing properties, very high productivity, perfect for thin products, lower
material waste [2, 3]. The advantages of the use of microwaves (MW) can be summarized as follows:
much faster and deeper heating of rubber items, much lower specific energy consumption (watts/kg of
rubber processed), rapid energy transfe, , volumetric and selective heating, very high heating rate,
superior working safety, absence of any environmental impact risks and ecological issues, higher
manufacturing throughput rates, minimized plant maintenance costs, absence of rubber pigment or dye
discoloration phenomena, negligible process start-up times (no time lags and minimal generation of
rubber scraps to reach steady state conditions), etc. [4-6].
Silicone rubber is one of the most important high-temperature-resistant synthetic rubbers with
excellent thermal stability, low temperature toughness, and electrical insulating properties. It has been
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extensively used in electrical insulating products, sealing products, etc [7–9]. However, silicone rubber
has poor mechanical properties, and it must be reinforced by incorporating suitable reinforcement
agents to meet practical applications. Radiation processing has been demonstrated on a commercial
scale to be a very effective means of improving end-use properties of various polymers. Important
properties of polymer materials such as mechanical, thermal stability, chemical resistance,
environmental stability, and surface properties can be significantly improved by radiation processing
[10]. Both polymer cross-linking and degradation by chain scission occur during treatment, but one or
the other of these effects may be predominant in some materials. silicone rubber is recognized as the
polymer to be favored for cross-linking applications, and the cross-linking of silicone rubber by
irradiation has been reported in some literatures [11–13]. However, the radiation cross-linking of
silicone rubber was not used in larger technical applications because of the high cost of irradiation to
bring about vulcanization. The radiation cross-linking of silicone rubber became an industrial process
when the radiation dose decreased with the use of some sensitizers. Reported papers suggest that
appropriate polyfunctional monomers in polymer matrix [14-16] could be used to obtain desired
rubber physical properties at lower irradiation doses [17-20].
2. MATERIALS AND METHODS
2.1. Materials
The following materials were used in the study: silicon elastomer Elastosil R 701/70 OH (from WackerChemie), polyfunctional monomers: triallyl cyanurate (TAC) Luvomaxx TAC DL 70 (26% percentage
of ash, density 1.34 g/cm3, 30% active synthetic silica) and di(tert-butylperoxyisopropyl)benzene
Perkadox 14-40B-GB (from Akzo Nobel) (1.60 g/cm3 density, 3.8% active oxygen content, 40%
peroxide content) as vulcanizing agent for vulcanization of control samples.
2.2. Preparation of samples and irradiation
Blends have been made by means of blending technique, on a laboratory roll, total blend time of 5’,
friction of 1:1.1. The blend constituents were added in the following sequence and amounts: 100 phr
siliconic rubber and 3 phr polyfunctional monomers (TAC). Plates required for physico-mechanical
tests have been made by compression molded, using an electrically heated hydraulic press, pressure of
150 MPa and time of 3 min. to obtain sheets of 11.5 x 11.5 x 0.2 cm3. Control samples were prepared
similarly to the experimental ones with the following specifications: 8 phr of Perkadox 14-40B-GB as
vulcanizing agent was added and the blend vulcanization was achieved in a hydraulic press at 160oC;
the vulcanization time was measured by means of Monsanto Rheometer.
The rubber samples were subjected to the following vulcanization methods:
Conventional vulcanization with benzoyl peroxide, at 160oC and 150 MPa by using an
electrical hydraulic presser;
EB vulcanization and EB+MW vulcanization with an experimental installation that
permits separate and successive or simultaneous EB and MW processing.
The experimental installation consists mainly of the following units: an accelerated electron beam
source, a microwave source of 2.45 GHz and a multimode rectangular cavity used as reaction
chamber. As accelerated electron beam source is used the electron accelerator ILU-6M of 1.8 MeV
and 10.8 kW output power. It is placed at Electrical Project and Research Institute from Bucharest,
Romania. The ILU-6M is a resonator-type accelerator, operating at 115 5 MHz. This accelerator
generates electron beam pulses of 0.375 ms duration, up to 0.32 A current peak intensity and up to 6
mA mean current intensity. The cross-sectional size of the scanned EB at the ILU-6M vacuum
window exit is 1100 mm x 65 mm. The EB effects are related to the absorbed dose (D), expressed in
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Gray or J kg-1. The single pass dose with conveyor under the ILU-6M scanner is adjustable from 12.5
kGy to 50 kGy. For EB and EB+MW treatments the rubber samples were cut as compressed sheets of
2 mm thick in the polyethylene foils to minimize oxidation. The layers of three sandwiched sheets
were irradiated by repeatedly passing on a conveyor under the ILU-6M scanner.
2.3. Mechanical properties
The tensile testing of samples was carried out with the testing speed 460 mm/min at room temperature
with a Schoppler strength tester machine. The tensile strength was measured on dumb-bell shaped
specimen according to ISO 37/2005. Tear strength was performed according to SR EN 12771/2003
using angular test pieces (type II). Hardness of samples in terms of Shore A was measured according
to ISO 7619-1/2004 using 6 mm thick samples. Elasticity was evaluated with a Schob test machine
using 6 mm thick samples, according to ISO 46662/1986. All measurements were taken several times
and the resulting values were averaged.
3. RESULTS AND DISCUSSION
Polyfunctional monomers are effective on modification of polymer material by crosslinking. Generally
speaking, there are two factors which affect the functionality of polyfunctional monomers in polymer:
one is the unsaturation of polyfunctional monomers and the other is the solubility of polyfunctional
monomers in polymer [21]. The polyfunctional monomers are coagents and can participate in a
number of radical reaction mechanisms, including grafting and radical addition. These polyfunctional
monomers can be grouped according to their influence on cure kinetics and ultimate physical –
mechanical properties. Type I polyfunctional monomers are highly reactive and increase both the rate
and state of cure (acrylate, methacrylate, or maleimide functionality). Type II polyfunctional
monomers are based on allyl reactive sites and increase the state of cure only. Monomeric forms
include allyl – containing cyanurates, isocyanurates and phthalates. For elastomers with high reactivity
or high unsaturation levels such natural rubber, type I is best suited for increasing tensile strength,
modulus and minimizing compression set. For elastomers with lower reactivity or a fully saturated
structure such as chlorinated polyethylene, type II may be best to improve physical-mechanical
properties [22, 23]. In our study we used TAC – triallylcyanurate, (figure 1) as polyfunctional
monomer (type II and functionality 3).
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Figure 1. Chemical structure of triallylcyanurate used

The EB and EB + MW irradiation methods, applied to the above mentioned rubber types, is based on
our research reported in [24-27] that demonstrated an important reduction of EB absorbed dose by
MW additional use to EB energy.
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Vulcanization with peroxides is done by radicalic mechanism when bonds form between C-C
macromolecules. Vulcanization by EB irradiation involves the interaction of energy electrons and an
elastomer. Ionizing radiation produces an excitation of polymer molecules in the vicinity of the
impinging radiation. The energies associated with the excitation are dependent on the irradiation
dosage and voltage (velocity) of electrons [18]. The interaction results in formation of free radicals
formed by dissociation of molecules in the excited state or by interaction of molecular ions. The free
radicals or molecular ions can react by connecting the polymer chains directly or by initiating grafting
reactions [17]. The chemistry of the process is based on macroradical formation from elastomer
chains, which recombine causing structuring [19, 20]. While both peroxide and electron beam cure
involve radical-based intermediates, differences between the mechanisms do exist. While peroxide
cure is a thermally initiated event with cure temperatures routinely in the 160ºC to 180ºC range,
electron beam cure is performed at room temperature. Peroxide cure is initiated by oxygen-centered
radicals that can be differentiated from the carbon-centered radicals produced by polymer excitation in
radiation cure. The length of cure time in each system is also very different. In peroxide cure, cure
time is governed by the half life of the peroxide at a given temperature, and can be longer than 30
minutes to reach > 99% decomposition. In contrast, electron beam cure is practically instantaneous.
The cure temperature and cure time differences can result in significantly less energy applied to the
electron beam cure process, a fact which may contribute to variations in coagent performance between
the disparate systems.
The mechanical properties of samples irradiated with EB, EB+MW and peroxide are summarized in
figures 2-7.
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Figure 2. The EB and EB+MW effects on the hardness of the Si + TAC samples (EB: 6.23 MeV; D* = 4.2
kGy/min; MW: 2.45 GHz; SAR = 2 kW/kg)

137

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
35
30

8 Mrad

6 Mrad

8 Mrad + 74 ' MW

5

6 Mrad + 54 ' MW

10

4 Mrad

15

4 Mrad + 36 ' MW

20

control sample

Elasticity, %

25

0

Irradiation conditions
Figure 3. The EB and EB+MW effects on the elasticity of the Si + TAC samples (EB: 6.23 MeV; D* = 4.2
kGy/min; MW: 2.45 GHz; SAR = 2 kW/kg)
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Figure 4. The EB and EB+MW effects on the tensile strenght of the Si + TAC samples (EB: 6.23 MeV; D* =
4.2 kGy/min; MW: 2.45 GHz; SAR = 2 kW/kg)
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Figure 5. The EB and EB+MW effects on the elongation at break of the Si + TAC samples (EB: 6.23 MeV; D*
= 4.2 kGy/min; MW: 2.45 GHz; SAR = 2 kW/kg)
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Figure 6. The EB and EB+MW effects on the residual elongation of the Si + TAC samples (EB: 6.23 MeV; D*
= 4.2 kGy/min; MW: 2.45 GHz; SAR = 2 kW/kg)
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Figure 7. The EB and EB+MW effects on the tearing strength of the Si + TAC samples (EB: 6.23 MeV; D* =
4.2 kGy/min; MW: 2.45 GHz; SAR = 2 kW/kg)

The mechanical characteristic analysis for the samples cross-linked by EA and EA+MW irradiation
treatments compared with those cross-linked with peroxide shows the following:
- The hardness increases with 4 ºShA for EB irradiation of 8 Mrad and with 6 ºShA for the combined
EB and MW irradiation of 4 Mrad + 36 s and of 8 Mrad + 74 s. For the treatments with EB of 6 Mrad
and combined EB and MW of 6 Mrad + 54 s MW there are no differences in hardness: it decreases
with 3 ºShA. The hardness increasing for samples crosslinked both by irradiation or by curing with
peroxide and as an effect of the reinforcing that occurs as a result of the formation of crosslinking
bridges.
- The elasticity decreases with 36% for EB irradiation of 4 Mrad and with 27% for 6 Mrad and
increases with 31.25% for EB irradiation of 8 Mrad. For the combined EB and MW irradiation of 4
Mrad + 36 s, elasticity increases with 18.18% and for 6 Mrad + 54 s with 9.09%. There is a growing of
elasticity with 46.15% for the combined irradiation compared with EB irradiation, in the case of 4
Mrad + 36 s MW and with 33.33% for 6 Mrad + 54 s MW.
- The tensile strength of all irradiated samples increased and the results are better compared with those
cross-linked with peroxide. The best results obtained for EB irradiation were for 8 Mrad (16%
increasing) and for 4 and 6 Mrad (14.89 % increasing). For EA + MW irradiation the best result was
achieved for 4 Mrad + 36 s (29.82% increasing) and for 6 Mrad + 54 s and 8 Mrad + 74 s an
increasing of 18.37% was obtained.
- The elongation at break decrease by irradiations for all irradiated samples and the results are also
better compared with those cross-linked with peroxide. The best results were obtained for EB
irradiation of 4 and 8 Mrad, (56.98% increasing). For EA + MW irradiation the best result was
achieved for 6 Mrad + 54 s (30.11% increasing) and for 8 Mrad + 74 s and 4 Mrad + 36 s were
obtained 21.50% and 8.60% increasing respectively.
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- Residual elongation and tear strength not show significant improvements. For these mechanical
features the best results were obtained for EB irradiation of 8 Mrad and 4 Mrad respectively and for
the combined EB and MW irradiation of 4 Mrad + 36 s.
Following the obtained results it can be stated that combined EB and MW treatment of 4 Mrad + 36 s
leads to a good degree of crosslinking, for which there is a return to the original shape after a very
good stretching (15.39%).
4. CONCLUSION
Comparing the mechanical properties of the samples cross-linked by and EB irradiation and combined
EB+ MW irradiation with those cross-linked with dibenzoyl peroxide it is easy to observe the superior
efficacy of radiation treatments. Improvement in hardness, elasticity, tensile strength, elongation at
break, residual elongation and tearing strength is considerable for EB + MW irradiation of 4 Mrad +
36 s MW.
Improved characteristics of hardened mixtures irradiated with EB and EB + MW compared with the
hardened peroxide is due primarily to benefit of EB (the process is very fast and due to high
penetration power of radiation there is an effective and uniform curing) and second to the advantages
of MW (promote a narrow distribution of the molecular masses, as the cross-linking occurs
simultaneously in the bulk of material because of the microwave interaction with all material under
irradiation promote fast cross-linking processes).
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Abstract
Eastern Macedonia represents a specific region, whose characteristics provide an ideal opportunity
and conditions for the implementation of the concept of ecotourism. The region for the purpose of
ecotourism is characterized by mountainous terrain, the mountains are separated by valleys and the
rivers cut through the valleys, the mountains have different heights and they are with a low, medium
and high altitude with tame mountain sides and the flora and fauna is rich and diverse. These
beautiful spaces are unpolluted and untouched by man and are characterized by high landscapes and
esthetic values. The river valleys are attractive with beautiful canyons and gorges and there are
numerous waterfalls. Specific geomorphologic forms have a great curiosity value and ability to be
independent tourist motives. In the region of Eastern Macedonia there are a number of rural areas
(villages) and they are authentically preserved in a way of housing, living traditions, customs, old
crafts and typical rural architecture. The concept of ecotourism and its application in the area will
initiate the development of tourism and the development of other economic activities that will follow
the ecotourism, especially there will be a great influence on the role it will have on the revitalization
of rural space and it will stop the process of depopulation which in the region of Eastern Macedonia is
a trend in the last twenty years.
Key words: ecotourism, rural area, impact of ecotourism, revitalization, development.
1.INTRODUCTION
Ecotourism as a term is used more and more in the tourism industry and it arouses a particular interest
for the tourists and also the tourism workers. This primarily is due to the modern travel trends and
raises awareness of the need and importance of environmental protection. Because of this there is
often unintentional or intentional use of the term ecotourism even for tourist destinations and types of
tourism that are not consistent with the concept of ecotourism.
Geographic space is very important if not the most important segment in the practice of ecotourism as
part of the overall tourism industry. The space is perceived as the main medium in which the tourist
movements and it must be distinguished by the specifications and characteristics in terms of
preserving nature, attractive natural tourist motives and protect cultural heritage and if we want to
develop and implement ecotourism as a specific type of tourism.
To be able to realize the opportunities and impacts that ecotourism has on the revitalization of specific
rural areas, it is necessary to consider two basic concepts that are subject to processing in this paper.
This means that it is necessary to define ecotourism and to realize the concept in a broader sense on
the one hand, and to determine and present rural area subjects for the analysis on the other hand. I
believe that this is the way considering the connectivity and duality and the notion of causality
between Eco and specific rural areas, we’ll get a real idea of the impact of ecotourism on the rural
areas with all the elements that are contained.
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2. ECOTOURISM-CONCEPT, PRINCIPLES AND DEFINITIONS
Ecotourism is treated as a kind of tourism (specific type of tourism) whose development is based on
the valorization of natural tourist motifs, and takes place in areas that are characterized by preserved
and attractive nature. This conception of ecotourism should be accepted in a broadest sense. According
to this view ecotourism as an important instrument in achieving sustainable tourism development.
Indeed ecotourism is based on the principles of sustainable tourism development. It is important to
make a clear distinction between the concept of ecotourism and the concept of sustainable tourism
development: the term ecotourism refers to a specific segment of tourism, while the concept of
sustainable development with its principles should be implemented in all types of tourist activities.
The conceptual development of ecotourism as a specific and selective form of tourism it is realized
thanks to the application of certain principles. The principles of ecotourism offered by TIES (The
International Ecotourism Society), are generally accepted by the wider scientific community and they
are:
tourist destinations must be eco friendly for the environment;
tourist destination that are visited by ecoturists: small groups of 2-15 people,
supporters and lovers of nature and local culture ...;
tourist destinations should be part of an ecological environment with recognizable
monuments whether they are natural, cultural or architectural;
tourist activities at the designated destinations should be "environmental activities",
that means: walks, observation and study of flora fauna and geology, nature, sports,
interacting with the hosts and the local population, purchasing products which are authentic...;
at all the tourist destinations, tourists must use environmentally friendly means of
transportation: such as bicycles, horses, donkeys, electric cars, electric trains, electric boats,
rowing, sailing...
tourists should have enough information for the place they are visiting in order to
enjoy their stay. Also hosts must be ready for the tourists in order to enable the guests a good
stay and to show themselves as good hosts and the beauty of the surrounding area .
Principles of ecotourism and its resulting components and they are:
ecotourism contributes of the preservation of biodiversity;
maintains the welfare of the local population;
includes learning experience;
involves responsible actions by tourists;
requires the least possible consumption of natural resources;
emphasizes local participation and entrepreneurial opportunities, especially for the
rural population.
Starting from the principles and components of ecotourism and according to them, there are several
definitions for ecotourism. One of the first definitions are given by TIES (The International
Ecotourism Society), and it’s defined as: „ Ecotourism is responsible travel for the nature that keeps
the environment and maintains the welfare of the local population “.As stated previously, there are
many definitions, but for the purposes of this paper we are interested and the understanding of
Meler.M (2004), according to him „ Ecotourism can be understood in the narrower and broader sense.
In a narrower sense it is a tourist industry that strives towards sustainability in the nature or to
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activities directly related to the sustainability of nature. In a broader sense it covers the tourism
industry of any tourist destination which is self-conscious and responsible to protect the environment
of the destination and when it is completely environmentally friendly, healthy and the functional
products in the tourist offer. Rural tourism can serve as the best example of the most successful
realization of ecotourism in the narrow and broad sense...“
From this position of Meler I specifically single out the perception of ecotourism in the broadest sense
and understanding of the role of rural tourism, which is directly aimed at revitalizing the rural
environment in the concrete space.
However, although there is no one universal definition for ecotourism, its general specific variables
can be represented as follows:
All types of tourism that are based on nature, in which the basic motivation of tourists
is observing and enjoying nature and traditional culture that prevails in these natural areas.
Contains educational and analytical features.
In general, the organization of small groups by local businesses.
minimizes the adverse impact of natural and socio-cultural environment,
Supports the protection of nature, creating economic benefits for the local
communities in order to preserve it, providing alternative employment and income for local
people, raising awareness about nature conservation and cultural heritage among locals and
tourists.
To understand these principles, characteristics and definitions of ecotourism they should be put into
operation for the revitalization of rural areas in Eastern Macedonia and the need to present specific
spaces, and define parts of rural space that suit or comply with the principles, characteristics and
definitions of ecotourism.
3. NATURAL GEOGRAPHIC FEATURES OF THE EASTERN REGION OF MACEDONIA
Knowing the natural geography of the area is of great importance in studying all kinds of tourist
movements, including ecotourism. Especially if we look at the first of several general characteristics
of ecotourism, which are presented above (All kinds of tourism that are based on nature...). In this
context, according Panov.N (1998) „ Fundamental instigators to travel are the attractive phenomena,
objects of nature and society, the trip has to have interesting actions that are recreational and cultural
and they satisfy the needs of the tourist “.This understanding and definition of tourist motives is
acceptable according to him, travel patterns can be: natural, anthropogenic and combined. This
division of tourist motives is logical, it is made on the basis of the origin and the general division.
This shows the importance of natural features geographic space in function of travel patterns and are
represented by: relief, climate, hydrography and bio-geographic features of the region. In order to get
into unnecessary detail geographical description of the natural geographical characteristics, we shall
briefly introduce the important features and attractive forms of space, which should demonstrate that
there are no such natural tourist atractions which are prerequisited for development of ecotourism.
The territory of Macedonia including the Eastern Macedonia region has relief which is characterised
as a mountain-valley land. As a larger relief forms are mountains, valleys and gorges, because it is a
mosaic relief it has the appearance of „chessboard“. The region of Eastern Macedonia tectonically
belongs to the Rodopi area which is also known as the old mass mountains and valleys. However the
mountains in the region differ in altitude, which is why they have a different impact on tourism
development. The mountains in Eastern Macedonia are divided according to their altitude:
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High Mountains (over 2000 meters above sea level) – only Osogovo
mountain belongs in this classification
Average high mountains (1000-2000 meters above sea level)- This group of
mountains are the most numerous and includes the following mountains: Plachkovica,
Obozna Mountain, Golak, Ilio Mountains Vlaina, Ograzden Belasica and Gradeshka
mountain;
Low Mountains (500-1000 meters above sea level)- in this group are:
Venec, Bogoslovec and Smrdesh.

Map 1. Relief of Eastern Macedonia
From the valleys most specific in this context as a case of analysis is Berovski (Malashevska) basin
which has the highest altitude in Eastern Macedonia, extending from 700 to 1000 meters above sea
level, and covers an area of 192km.
In the Eastern Macedonia region, the important hydrographic objects are: Ratevska (Berovsko) lake,
it is a small artificial lake, situated between Maleshevski mountains and mountain Golak in the upper
flow of the Bregalnica river. The lake lies at an altitude of 986m, and covers an area of 0.57km2; The
Accumulation Gratce is built on the Kocanska River right tributary of Bregalnica this accumulation
is located 6 km north of the city of Kocani and is at an altitude of 465m with a total area of 0.19km2;
Kriva River which rises from the foothills of Carev Vrv on the Osogovski mountains and is at an
altitude of about 1,800 meters. The total length of the stream is 69 kilometers with a decent of 2.5%.
On its tributary Kozja river there are two waterfalls of which one is 9m high, and the other is 11m
high; at the confluence of the River Strumica is the Smolare waterfall which is on the river Lomnica
on the northern slopes of Mount Belasica. The waterfall is 680 meters above sea level. The total height
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of the vertical section of the waterfall is 39,5 m. at the bottom a giant pool is formed and has a length 5
m in the direction of the flow of the river and its width is 11m with depth ranges from 0.5 to 0,7 m.
Other morphological forms that are encountered in this area may be used for the purpose of
ecotourism or as independent natural tourist motifs: The famous stone towers or earth pyramids in the
village Kuklica. They are erosion relief forms created before 10million years. They are founded in the
northern region near the town of Kratovo. The site is very small and about 120 relief forms are located
with height up to 10m. These stone blocks are a natural tourist attraction with a particularly large
value, which has the ability to be an independent tourist attraction.

Figure 1. „Earth pyramid“ or „Stone towers“
The Eastern Macedonia region is rich with forests where most prevalent are: oak, beech and pine and
they line at the elevation zones. In the forest areas a rich fauna can be found, particular attention
should be paid to the endangered species: wild boar, deer, wild rabbits, black eagles, partridges and
owls.
These are just some of the natural representative’s and geographical features of the area that is
analyzed.
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4. DEMOGRAPHIC CHARACTERISTICS
Apart from the basic natural-geographic features of the area, of particular importance are the
demographic characteristics especially if we talk about the revitalization of rural areas using
ecotourism as a tool for conducting or assisting in the revitalization. Normally all demographic
characteristics have the same meaning and importance so for the specific topic we will be discussing
and presenting only those demographic characteristics that I think are important to recognize, in the
context and function of the revitalization of rural area.
Because the analasys in this paper is the rural area, it is important to know the basic conditions. In the
region of Eastern Macedonia geographic distribution of rural settlements differ because of altitude or
the place in which they are located. According to these divisions there are: lowland, mountainous and
mountain villages. Mountainous and mountain villages are located in such natural spaces that best
corresponds with the concept of ecotourism, so often they are referred to as rural areas that should
practice ecotourism. But this division of the villages will not be subjected of this analysis, because the
lowland villages are also a part of the rural area, thus if certain conditions are met they may part of the
rural areas in which ecotourism will be practiced, the number of villages by municipalities and the
number of people living in them is presented in the following table:
Table 1. Number of villages by municipalities
Total number
of villages in
the
municipality

Number of
villages
which have
from 0 to 100
population

Number of
villages which
have from 101
to 500
population

Number of
villages which
have from 501
to 1000
population

Number of
villages with
over 1001
population

Berovo

8

/

1

6

1

Bosilovo

15

1

2

9

3

Vasilevo

18

4

4

7

3

Vinica

13

1

7

2

3

Delchevo

21

7

9

5

/

Zletovo

10

5

4

/

1

Zrnovci

3

/

1

1

1

Karbinci

29

19

8

2

/

Kochani

17

9

4

2

2

Kratovo

30

15

15

/

/

Makedonska
Kamenica

8

/

6

2

/

Obleshevo

8

/

3

3

2

Pehchevo

6

1

4

1

/

Probishtip

25

19

5

/

1

Radovish

27

14

7

4

2

Shtip

42

35

4

2

1

Total:

280

130

84

46

20

Name of
Municipality
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According to the table it shows that the region of Eastern Macedonia has a big number of villages (280
villages in 17 municipalities). In all these villages and rural areas where they are located, a process of
depopulation is observed and as a consequence a de aggregation process of agricultural land. These
villages vary according to population which affects their ability to implement ecotourism so that all
villages have equal importance in the context of the topic. Most of these village settlements belong to
the group of many small villages, the number of these villages is 130 or 46.42%, the number of
villages in the region which have from 0 to 100 inhabitants are29 villages or 22.3% of the villages in
this group are completely displaced. The second group of villages in which live from 101 to 500
inhabitants, and their number is 84 villages or 30% of the total number of villages in the region. These
two groups of villages together make up most of the villages their number is 214 villages or 76.42% of
the villages in the region. This information is important to bear in mind because this group of villages
have small population and are unable or very difficult to really apply ecotourism as a tool for
revitalization of these rural areas. For us the other two groups of villages are interesting, which
together are 66 villages or 23.57% of the total number of villages in the region. These villages because
of the good demographic situation in terms of population are called "living villages" and in them there
is a real opportunity by implementing the concept of ecotourism to influence and assist in the
revitalization of rural space in which they are.

8%
18%
45%

29%
0-100 .
501-1000 .

101-500 .
1001 .

Figure 2. Graphic display of the participation of rural areas by the number of residents
From the demographic data presented above can be concluded that in the region of Eastern Macedonia
is a real rural area with rural settlements - "living villages" which are applicable for ecotourism as a
selective type of tourism and a specific mechanism and one of the ways that supports the process of
revitalization of the rural areas.
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5. ECOTOURISM- THE IMPACT ON THE REVITALIZATION OF RURAL AREA
The revitalization of the rural areas means preventing emigration of the population, especially the
emigration of young people from the villages or to prevent the process of depopulation of the villages
on the one hand and the recovery and improvement of the rural economy on the other side. This is
possible only by achieving and improving living conditions and terms of managing the rural
population, improvement of infrastructure in all its segments, increasing the quality of health and
education services etc., or by increasing the quality of life and improving living standards in the local
community.
The economic activity that has the necessary characteristics and qualities to be able to help the
revitalization of rural areas, encourage development of other economic activities and to initiate
development and improvement of infrastructure and economic tourism activity, particularly through
ecotourism segments when it comes to revitalizing the rural area. Ecotourism is a small segment of the
tourism market, but it grows progressively and has a positive impact on the space and it manifests in
two ways: effects on physical and geographical space and impact on socio-economic environment, this
comes to influence the function of development of the physical-geographical development of socioeconomic environment in the tourist destinations.
The impact of ecotourism on the development of physical-geographical rural areas needs a visible
change in order to adapt the space for the needs of tourists, and such influences are recognized by:
Tourist arrangement of the rural area;
Build and improve existing transport infrastructure that is needed for the
tourists (expansion of roads, bridges, pedestrian trails, bicycle paths, parking space
etc).;
Organizing
biodiversity;

protective zones for the preservation and protection of

Adaptation of family houses so they can be acceptable for tourists according
to their needs;
Horticultural and urban arrangement of the village courtyard, etc.
Unlike the physical-geographical influence that are visible in the area of tourism destinations, the
impact on the socio-economic environment of the ecotourism has been implemented through direct
contacts between the local population as hosts and tourists that are staying in rural households. Direct
contact leads to the exchange of services and financial input, exchange of cultural values, sharing
experiences, attitudes, habits, etc. Socio-economic effects of ecotourism on the local population and
local community are direct or indirect. The direct economic impact through direct tourist revenue is
derived from tourists, while indirect effects are due to the ability of ecotourism to initiate and
encourage the development of other economic activities not related to tourism but are put into
operation its development. In the context of socio-economic effects, ecotourism will have its impact
through:
Additional income for rural households from accommodation of tourists;
Additional earnings from gastronomic offers;
Additional employment and earnings for the local population from tourist
guide services;
Increase in
facilities;
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Promoting and preserving some traditional crafts, which can generate
additional income;
Sale of handicrafts and souvenirs, which are hand made by the locals;
Streamlining and specializing production of fruit and vegetables for the needs
of tourists;
Support and initiative of entrepreneurial activities for the local population;
Educating the local population about ecotourism, sustainable development,
hospitality and achieving a greater satisfaction for the tourists;
Education to raise awareness of the need to protect natural and cultural
heritage etc.
The economic effects should be taken in consideration because they will generate additional income
for the rural households. For example: Rural household which has extra rooms in the family home can
offer lodging for tourists, or rural households for example which are engaged have agricultural
products or have livestock and produce traditionall food products like domestic cheese, domestic meat
products, homemade wine, etc..) They can sell their products to the tourists and become part of the
gastronomic offer of the rural tourism destinations. This means that the above mentioned influences of
ecotourism by themselves do not mean much, the real influence and impact will be expressed in
combination with the daily activities of the rural population and rural households, who will generate
additional revenue.
6. CONCLUSION
Reviewing the concept, of the principles and the impact that ecotourism has in conjunction with the
natural and demographic features that are presented above as a factor that can revitalize the rural area
of Eastern Macedonia and as a conclusion about the topic under which ecotourism and its activities
cover all the key features like economics, environment and culture. None of these segments are more
important than others, all are essential for the initiation, operation and survival of ecotourism. The
functioning of ecotourism in the area must be initiated by the local population. Education should help
in understanding the role and importance that ecotourism has as a mechanism for revitalizing the area,
local people have to recognize the benefits offered by ecotourism as an economic activity, to accept
tourism in the local community and to accept tourists offering greater hospitality. By educating the
local population they should also be enabled to meet the challenges posted by eco-tourism as a
business.
The first benefit for the local community is education, which is very important for raising awareness
of the population and the need to protect and enhance the environment. Furthermore the promotion of
the rural spaces as ecotourism destinations in terms of marketing and planning, will be done by the
local specialized businesses. This way the economic benfit that the locals have will have them directly
involved including the decisions and planning ecotourism for the area and will provide one of the
conditions for sustainable development of the local community. In many segments of ecotourism will
provided additional employment for many rural households and local population, the jobs include:
accommodation, food, organization, planning, transport, tourist guides, handicrafts, crafts,
entertainment and more. These additional jobs will contribute to additional earning and improvment of
the financial situation of the rural households. If we want to raise the quality of life and standards of
the rural population besides bettering economic effects other improvements should be made in the
local communities. In this sense the development of ecotourism, will only increase the number of
tourists and will initiate the development of other economic sectors and activities, such as improving
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transport infrastructure and construction of new infrastructure facilities, incentives for development of
local construction adjustments and maintenance of facilities bettering tourist accommodation and
enhancing local commerce, cultural aactivities and entertainment of the local community, increasing
the level of medical protection etc. All of these and some other activities will help to improve the
condition, thanks to ecotourism as an initiator for a faster growth.
The overall development of ecotourism will contribute in raising the living standard of the rural
population, improving living conditions in rural areas which will provide quality environment or to put
it simply it will create a pleasant, healthy and quality living space for young generations and this
directly will contribute to the depopulation of the rural areas. This clearly shows that ecotourism is
applicable in Eastern Macedonia can realistically be a very strong factor and holder of the
revitalization of rural areas.
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Abstract
The severe accident in Fukushima Nuclear Power Plant (NPP) in 2011 causes serious anxiety among
the population not only in the neighbourhood, but even in countries quite far from the accident
location. On Friday, March 11, 2011, Japan experienced a natural disaster of inconceivable
dimensions. At 2.46 p.m. local time, a gigantic earthquake with the epicentre approx. 150 km east of
the city of Sendai in the Pacific Ocean also shook the coastal region nearby. The seismic event was
triggered by abrupt tectonic plate shifts some 20 to 30 km below sea level. The seaquake had an
intensity of 9.0 on the logarithmic scale, which is 0.8 points above the severest earthquake of 8.2 so
far registered in Japan. This unexpectedly high energy release caused a tsunami wave of a maximum
height of 23 m which flooded the coastal region approximately one hour later, causing a large number
of human casualties and extreme devastation of towns and villages, infrastructure, and the
environment. Four nuclear power plants are located in the area directly affected by the disaster:
Onagawa, Fukushima Daiichi, Fukushima Daini, and Tomari. The site of Fukushima Daiichi was hit
most severely. Bulgarian ERS (BERS) was upgraded to be able to simulate the dispersion of nuclear
materials from Fukushima Daiichi NPP, results presented in the specialised web-site of the system. In
addition BERS took part in the respective ENSEMBLE exercises. Short BERS description as well as its
results and comparisons with measurements and other model results are the object of this work.
Key words: Air pollution modelling, Eulerian dispersion models, Fukushima 2011 nuclear disaster,
Ensemble Modelling.
1. INTRODUCTION
The air quality (AQ) at the earth surface is a key element for the well-being and quality of life of
population. According to the World Health Organization (WHO), air pollution severely affects the
health of European citizens: between 2.5 and 11% of the total number of annual deaths are due to high
levels of air pollution (WHO, 2000, 2004). There is considerable concern about impaired and
detrimental air quality conditions over many areas in Europe, especially in urbanized areas, in spite of
about 30 years of legislation and emission reduction. Current legislation (the respective EC directives)
requires informing the public on AQ, indicating exceedances of limit and target values, forecasting
potential exceedances and assessing possible emergency measures to abate exceedances using
modelling tools. So called Chemical Weather Information and Forecast Systems are set in almost all
European countries integrating data from on-site and remote measurements and modelling results.
From the beginning of 2010 prototype of such a system for Bulgaria is running operationally in the
National Institute of Meteorology and Hydrology (NIMH) (see Etropolska et al., 2010).
Apart from usual industrial, traffic and domestic pollution, the industrial accidents causing a release of
harmful (chemical or radioactive) material to the atmosphere can have consequences extending to
hundreds and even thousands of kilometres. Such an event in 2011 was the Fukushima disaster. The
Earthquake itself, in spite of causing damages, was not so dangerous because of the anti-earthquake
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construction of Fukushima Nuclear Power Plants (NPP). But the tsunami wave caused much more
severe damages. In particular, it braked down the electricity supply of the Daichi NPP and the cooling
system was not able to support non-explosive burning of the nuclear fuel. The attempt to cool the
reactor using sea water led not only to serious release of radioactive water in the ocean, but also to
intensive release of radioactivity in the atmosphere. The releases continued for more than a month, but
the real intensity and its evolution are still unknown. Many attempts to estimate the release rate were
made using model simulations and comparing its results with measurements of different measurement
networks. A kind of such estimates was prepared by European Joint Research Centre in Ispra, Italy,
and will be presented later. The measurements and the model estimates showed several main facts: (i)
fortunately, during the release period westerly winds predominated, so the main part of the radioactive
pollution went and was deposited over the Pacific Ocean; (ii) the rate of decreasing of radioactivity
maximum concentration decreased in time by more than an order of magnitude per day, leading to fast
decrease of radioactivity levels with the distance away from NPP; (iii) over Europe some nuclides,
typical for nuclear accident, were observed somewhat 10 days after the Fukushima NPP was damaged,
with concentrations several orders under the radioactivity background.
In such a case the decision-makers need information about the possible long-range transport of
pollution. For that purpose computer-based Emergency Response Systems have been established in
many countries, simulating and predicting the distribution of the released pollution. Such system is
developed and works operationally in the NIMH of Bulgaria (Syrakov et al. 2003, 2009). Especially
for Fukushima case the Bulgarian Emergency Response System (BERS) in case of nuclear accident
was upgraded and intensively exploited for investigation of the dispersion of radioactive pollution and
for information of the respective authorities and the population. The new version of BERS took part in
the ENSEMBLE model comparisons. This activity as well as a short description of BERS is presented
in the paper.
2. SHORT DESCRIPTION OF BERS AND ITS FUKUSHIMA UPGRADES
Bulgarian Emergency Response System in case of nuclear accident works operationally from 2001. Its
creation and development was highly stimulated by the ETEX (Girardi et al., 1998,). NIMH took part
in all activities of
with a puff-type dispersion model. In the second phase of ETEX, the new 3D
model EMAP was tested performing better than the puff model (Mosca et al., 1997, Graziani et al.,
1998). This model now is the core of BERS. Here, a short description of the system and mainly of
EMAP will be presented.
BERS comprises two main parts - the operational and the accidental one. The operational part runs
automatically. It makes search for the necessary meteorological data received in NIMH via the Global
Telecommunication System (GTS) of the World Meteorological Organization, prepares input
meteorological file used for both trajectory and dispersion modelling, creates archives with
meteorological data base, runs the trajectory models, visualizes the results obtained and uploads the
maps of trajectories for specified nuclear power plants to the specialized web site of NIMH
(http://info.meteo.bg/ews/). The operational part runs every 12 hours, after the new meteorological
information is received. For the moment, numerical weather forecast produced by the Global model of
DWD, Germany is the meteorological input to the system. Its resolution in space is 1.5° and in time –
12 hours. Only 850 hPa level and surface data are handled. The 3D wind and turbulent coefficient
fields in the PBL are produced by the built-in PBL model YORDAN (Yordanov et al., 1983).
The accidental part consists in running of the dispersion model EMAP, i.e. not only one dispersion
process is modelled as in case of trajectory calculations (only transport of a single particle) but all
other processes as diffusion, deposition etc. This part is activated manually when real radioactive
releases in the environment occur or during emergency exercises. It requires source information,
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usually provided by the emergency authorities (main customer). The concentration and accumulated
deposition fields are the output of EMAP model. After visualization, the concentration and deposition
maps are uploaded to a specialized ftp-server of NIMH for use by the interested institutions.
EMAP (Eulerian Model for Air Pollution) is a 3-D simulation model that allows describing the
dispersion of multiple pollutants (Syrakov, 1995). It takes into account such processes as horizontal
and vertical advection, horizontal and vertical diffusion, dry deposition, wet removal, gravitational
settling and specific chemical or radioactive transformations. Within EMAP, the semi-empirical
diffusion-advection equations for scalar quantities are treated. The numerical solution is based on
discretization applied on Arakawa C-type staggered grids. Conservative properties are preserved
within the discrete model equations. The horizontal resolution depends on the task solved. Vertically,
the governing equations are solved in terrain-following coordinates. Non-equidistant grid spacing (loglinear grid) is settled in that direction. Time splitting is applied as solution technique that transforms
the complex problem to a number of simple tasks. For a single time step, one-dimensional schemes are
applied sequentially for every dimension, for advection, for diffusion and for all other processes
included in the model. In order to decrease the splitting error they are applied in reversed order at the
next time step. The temporal resolution depends on the Courant stability condition. The user can
determine all related parameters. A short description of different numerical schemes one can find in
Syrakov et al. (2003, 2011).

To + 32 h

To + 47 h

Fig. 1. Overlap of ETEX-I measured and EMAP simulated pollution spots for different moments of
time (yellow – EMAP simulation results, read – ETEX-I measurements, brown – overlap)
The EMAP model has been verified many times in the frame of various projects as ETEX, RTMOD,
ENSEMBLE and others. Despite its simplicity and the rather poor meteorological input its results are
quite reliable that confirms once more one of the main conclusions of ETEX exercise: - the more
complicated models do not give always better results. In Fig. 1, the overlap between the measurements
made during ETEX-I experiment and the EMAP model simulations are presented for different
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Fig. 2. Measured and simulated concentration evolution in different ETEX-I sampling points
In Fig. 2, the time evolution of measured and simulated surface concentrations in two different ETEXI sampling points is displayed. Both figures show EMAP’s quite good simulation of a real release. It
must be pointed out that this pollution dispersion episode is quite complicated; taking into account that
in the beginning the pollution cloud had the form of a plume and with time was deformed in normal to
the movement direction that can be clearly seen, when looking at an animation of the resulting images.
For better simulation of the Fukushima case BERS was updated by introducing high resolution in
space – up to 25 km space step. So, the Northern Hemisphere domain of BERS already has 601 601
points with centre at the North Pole. Al this included not only changes in the model itself, but also in
the pre-processing interface programs. Usually, BERS model time is 3 forecasted days. For the
Fukushima case meteorological files containing analysis’s data for 14 days was prepared in connection
to ENSEMBLE exercise as will be described later on.

Fig. 3. Radioactivity concentration fields 24 hours (left) and 48 hours after the start of a hypothetical
release in Fukushima NPP
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Especially for Fukushima event the BERS web site (http://info.meteo.bg/ews/) was also upgraded.
Usually, together with some explanatory part, it contains links to 6 Figures, containing visualisation of
3-day forecasted trajectories from 35 European and 8 Northern Hemisphere NPPs. Now, 2 additional
figures (Figure 7 and 8) display animation of concentration and deposition fields, created by a
hypothetical release from Fukushima NPP.

Fig. 4. Radioactivity accumulated deposition fields 24 hours (left) and 48 hours (right) after the start
of a hypothetical release in Fukushima NPP. The images times correspond to those in Fig. 3.
This release has one and the same parameters: at 03:00 UTM 3-hour release of 1.1014 Bq/s rate and
100 m height is supposed to take place. This release corresponds to a very powerful nuclear explosion
(1018 Bq released radioactivity). The concentration and deposition field’s evolution is followed for 3
days ahead. The calculation and visualisation operations are performed automatically each day once a
day. In Figs. 3 and 4 demonstrate these simulations.
From the legend in Fig. 3 one can conclude that, because of the dispersion and removal processes, the
maximum concentrations in the second day are more than two orders of magnitude less than in the
beginning of the release. Considering this tendency, one can estimate that for 10-15 days after the
accident (the time when nuclear material from Fukushima NPP reach Europe) the concentration,
produced by a hypothetical nuclear reactor explosion would have at least 10-15 orders of magnitude
lower levels. In the reality, the release was much longer and with several orders of magnitude smaller
release rate. This means that Fukushima accident was not dangerous for European population. As
already mentioned, the measurements support this conclusion.
3. ENSEMBLE PROJECT AND ENSEMBLE’S FUKUSHIMA EXERCISE
Ensemble modelling, originally developed for weather prediction, is lately being extended to
atmospheric dispersion applications (Galmarini et al., 2001, 2004a). Ensemble dispersion modelling
can be defined as statistical analysis and treatment of several dispersion simulations of a common case
study. The respective analysis is finalized at the determination of the most probable dispersion patterns
and at the reduction of model or case-study uncertainty. Once an ensemble of dispersion simulations is
obtained, a series of methods can be applied for the analysis. Ensemble analysis turns out to be an
efficient method to obtain probabilistic results, which are useful for estimating the sensitivity of the
simulation to initial conditions, physics described by the models, algorithm implementation, numerics,
representation of surface properties, boundary conditions, source term description, source
representation. In this respect, the ensemble results contain more information than single-model results
because they are not the simple consequence of a particular choice of model and case study
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configuration. This aspect becomes more evident when the dispersion simulations are forecasts for
which no monitoring data can be used for the evaluation and whenever the model results are used for
support to decision making.
Following this ideology, the EU 5FP project ENSEMBLE was launched as a natural continuation and
further development of ETEX project (Girardi et al. 1998) and of the follow-up RTMOD project
(Galmarini et al., 2001). After its completing in 2005 the European Commission recognizing, the
importance of the project achievements, converted its consortium to a permanent consortium lead by
JRC in Ispra, Italy. From that time many other institutions joined the Consortium (see the
ENCSEMBLE web-site http://ensemble2.jrc.ec.europa.eu/).
In the frame of ENSEMBLE a web-based decision support system has been created to collect
atmospheric dispersion forecasts produced by various participants and to provide emergency
management with tools to explore and assess the differences. It also produces a comprehensive
forecast based on the multi-model ensemble dispersion concept. ENSEMBLE enables qualitative and
quantitative comparisons of the forecasts produced by the models in order to determine their degree of
consensus, essential for the decision making process. Model results are uploaded in the newly
developed ENSEMBLE format via Internet, and can be displayed in real time as single model output
or grouped (ensembles) for ad-hoc statistical treatments. ENSEMBLE can be accessed by means of a
simple web-browser, through which the analysis of uploaded information is calculated and displayed
dynamically. The tools provide support to the analyses carried out by the technical advisors to the
emergency management teams in the various states, and also provide a number of plots aimed at
conveying the forecast uncertainty to the decision-makers.
Nowadays ENSEMBLE is a web based platform for the inter-comparison and evaluation of
atmospheric chemistry transport and dispersion models. The system, originally developed for support
in case of nuclear emergencies to the world wide atmospheric dispersion modelling community, has
evolved over time into a service to any kind of atmospheric model. In fact it can now be used for intercomparison and evaluation of models, working at any spatial scale from local to global, any number of
variables and period of time. Several are the different activities in which it was already used. Data sets
of monitoring data of different nature, in situ air quality data, radiological and meteorological data,
vertical profiles and airborne data are available for a large number of case studies. The ENSEMBLE
system allows users to perform on line ensemble analysis.
Some months after the Fukushima event an ENSEMBLE exercise for simulating the respective
radionuclide dispersion was set, after release information was gathered. The data presents the release
of two radio-nuclides – radioactive Iodine (I-131) and radioactive caesium (Cs-137) - during the first
14 days after the accident. The release evolution is presented in Table 1. This data was distributed
between participants as specific technical document. All participating models use common source data
and meteorological data of its own.
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Table 1. ENSEMBLE exercise Fukushima source term
Nuclide
Start UTC
I-131 2011-03-14 19:00
2011-03-14 21:00
2011-03-15 18:00
2011-03-21 00:00
2011-03-25 12:00
Cs-137 2011-03-14 19:00
2011-03-14 21:00
2011-03-15 18:00
2011-03-21 00:00
2011-03-29 08:00
2011-03-30 14:00

End UTC
Durat. [h] Rate [Bq/s] Hmin [m]
2011-03-14 21:00
2 1.390E+11
100
2011-03-15 18:00
21 7.800E+11
100
2011-03-21 00:00
126 8.820E+10
100
2011-03-25 12:00
108 1.290E+11
100
2011-03-31 18:00
0.000E+00
0
2011-03-14 21:00
2 1.810E+10
100
2011-03-15 18:00
21 4.130E+10
100
2011-03-21 00:00
126 6.060E+09
100
2011-03-29 08:00
200 0.000E+00
0
2011-03-30 14:00
54 5.560E+10
100
2011-03-31 18:00
0.000E+00
0

Hmax[m]
100
100
100
100
0
100
100
100
0
100
0

Eight institutions (modelling systems) from six countries took part in the Fukushima exercise so far
(the exercise is still open). They are UK, Austria, USA, Italy, Poland and Bulgaria. Italy was presented
by 3 models.

Fig. 5. Time evolution of EMAP’s and ensemble’s I-131 surface plums; the red spots - ensemble
averaged concentrations, the yellow – EMAP results, the brown – overlaps (threshold: 0.01 Bq/s).
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It is obvious that it is not possible to present all kind of estimates, all cases’ results, even all layers in a
single case. The information (numerical and graphical) is so rich that only examples will be given,
here (mainly I-131 simulations; Cs-137 images are more or less similar). From all statistical
parameters supported by ENSEMBLE system, only “overlap in space” is used and respective images
presented later on. It is done because of the quite illustrative character of this indicator. It is the
percentage of overlapped area from the common pollution spot’s area. The comprehensive analysis of
all exercises and all models will be object of the ENSEMBLE consortium activity in the near future.
Here, only part of BERS results versus ensemble ones are presented. All images are produced by
ENSEMBLE system.
In Fig. 3, comparison between ensemble of all 8 models and EMAP simulation is presented for the
first 4 days. Next days the deviation from the models becomes manifesting and such a comparison is
not significant. As a rule the percentage of overlap decreases with time. In this case it is 69, 41 58 and
35 for the successive 4 days, that shows a good simulation quality of EMAP model. Similar and even
higher is this percentage for the dry and wet deposition (Figs. 6 and 7).

To + 1 day

To + 2 days

To + 3 days

To + 4 days

Fig. 6. EMAP simulation versus ensemble one:
Case I-131, accumulated dry deposition (threshold: 100 Bq/m2).
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To + 1 day

To + 2 days

To + 3 days

To + 4 days

Fig. 7. EMAP simulation versus ensemble one:
Case I-131, accumulated wet deposition (threshold 100 /m3)
In Fig. 6 and Fig. 7, the accumulated deposition fields (dry and wet) are presented. The percentage of
overlapping here is 49, 37, 43, and 44 for the dry deposition and 54, 45, 72 and 75 for the wet
deposition. The main difference between both deposition patterns is the most fragmental character of
the wet deposition fields (following the character of precipitation field). As a whole the EMAP results
are quite reliable.
6. CONCLUSION
In the paper a short review of the activities (mainly modelling ones) related with March 2011
Fukushima accident is presented. The incompatibility of measurements during the events and the lack
of enough volume of measured concentrations do not allow full verification of the modelling tools
used on- and off-line. Until reliable data base is assembled, the only way to obtain reliable modelling
results is the ensemble approach. This was the reason for ENSEMBLE consortium to launch an
exercise with 2 cases (only case I-131 results are presented here). Eight members of the consortium
took part in this exercise and uploaded its results to the ENSEMBLE web-based analyzing system.
Different kinds of ensembles exist as described in Galmarini et al. (2004a). The exercise ensemble is
of kind 5 – different meteorological models and different dispersion models. The use of dispersion
fields produced by different models based on different meteorological fields is suitable when
measurements are not available for model validation and tuning.
The Bulgarian Emergency Response System was one of the members of this ensemble. Short
description of the System is presented here, stressing on its validation on the ETEX-I data set. The
System was updated in relation with the nuclear event as to produce better response to the needs of
decision makers and to the common public. BERS’s web site was upgraded too. Two additional
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pictures were introduced containing 3-day animations of radioactivity concentration and deposition
fields produced by a hypothetical release with nuclear explosion parameters. The pictures are
produced automatically each day and renew the old ones.
Additionally, EMAP concentration and deposition fields are presented in evolution versus the
ensemble fields. The main conclusion is that, despite many unfavourable circumstances as the quite
poor meteorological information and quite simple numerical schemes used in EMAP, the model
produces quite satisfactory results. All main features of radioactivity distribution are cached by the
system. This means that NIMH with its ERS is a useful member of ENSEMBLE.
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Abstract
The lengthy transport systems are the subject of different negative permafrost effects in variable
climate-landscape zones. The part of these effects depends on the impact of engineering structure with
environment. The other part is linked with natural permafrost dynamics. Authors develop the flexible
classification of geological hazards with taking into account the static geological and
geomorphological conditions as well as variable climate and hydrological impulses and actual value
of permafrost process activity.
Key words: impact zone, geological hazards; monitoring; pipeline
1. INTRODUCTION
Geological hazard (danger) is the possibility of negative consequences of geological process activity
for engineering structure or elements of the landscape. The same geological process brings the
different danger and different negative effects in variable climate-landscape zones along the lengthy
transport system (pipeline, railroad, etc.). For russian linear objects the most valuable dangers are
linked with permafrost. In other regions they could be different (seismicity, landslides, erosion, etc.)
Usually the geological survey takes into account this natural variability by special engineeringgeological zonation. Existing Codes are effective for construction stage. After construction period the
ground properties and process activity became changed and the geological danger must be recalculated
with taking into account monitoring data. The corresponded legal method for this operation does not
exist.
Also this approach is not effective in permafrost regions because the geocryological conditions change
within the regional climate trends and after the intensive local influence of building activity and
engineering structure itself (Sergeev & Khimenkov 2006). Other problem is the different velocity of
geocryological processes: we must distinguish the slow change of the ground temperature regime from
rapid and stochastic thermal erosion and other thermal denudation movements.
The challenge is how predict the expense for engineering protection during the life cycle of transport
system with taking into account the natural and human induced geological dynamics.
2. IDENTIFICATION AND DIAGNOSTICS OF GEOLOGICAL HAZARDS
This stage of investigations bases on information about ice-rich ground distribution as well as the
areas of geocryological phenomena witnesses the actual or past activity of dangerous processes. The
goal of identification is the localization of sites with actual or potential geotechnical problems by
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using aerial or space photo-survey. If case of very rapidly shifting geoecological situation the aerial
visual survey can be most efficient. Author developed the complete method of rapid registration of
expert estimation of situation from aerial visual survey procedure.
The list of dangerous geocryological processes usually includes thermokarst, thermal erosion, icing,
frost heave, ice mounds, and ground movements. The list of dangerous conditions includes ice-rich
grounds, drainage disturbances, and fire-sites.
It is very important to distinguish the natural permafrost dangers from human induced process activity.
E.g. the slow change of climate leads to change of geocryological conditions. It will be valuable after
5-10 years of transport object’s exploitation. In the other hand, the inappropriate measures and
constructions against erosion lead to intensive thermokarst during 1-2 months of the summer time
(fig. 1).
The result of the identification is the detection of sites with active or possible permafrost phenomena
which can affect the engineering structure or landscape properties. These sites are need for special
investigation, monitoring and modelling.
Diagnostics bases on the interpretation of landscape structure change during the transport system
building and exploitation. At this stage of investigation the geological hazards are linked with
vulnerability of particular elements of the transport system. The vulnerability depends on velocity and
intensity of permafrost processes (Koff et al. 2009). Rapid processes complicate the analysis of
situation because the safety of the transport system requires the immediate management response on
the danger. This response is not always effective without modelling and taking into account different
circumstances (fig.1).
The consecutive comparative analysis of monitoring data with identification of hazards shows the
spatial heterogeneity and tendencies of processes’ activity. The geological phenomena areas’
distribution along the transport system is heterogeneous due the tectonic, climate, hydrological and
hydrogeological situations and tendencies. For example the icing areas and its dynamics are linked
with interaction of linear structure with surface and underground water discharge (fig. 2).
The possible influence of geological processes on linear infrastructure could be describing by four
groups of parameters:
-

Type,

-

Intensity,

-

Extent,

-

Duration (exposure).

The type of influence reflects the physics of the impact between ground and technical element
(mechanical, thermal, chemical, etc.).
The intensity (level) of influence characterizes the energetic of the process (velocity and dimension of
phenomena). The estimation of the process activity takes also in account the one-way or cyclic
character or the influence.
The extent of process shows the areas of dangerous phenomena. This characteristic is not very useful
for linear engineering because it is very sensitive to chosen buffer zone dimension.
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Fig. 1. Thermokarst development at the anti-erosion gravel pad. In right low corner the same place
eight months earlier on the orthogonal photo is showed.
The exposure (duration of geological process) leads to summa of negative consequences for the
engineering structure. The intensive and short-time process leads to similar damage than the long-term
and low intensive one. The short-time processes have the duration from seconds to days, e.g. rockfalls, landslides, flow-debris. Long-term processes have the duration up to tens years, e.g. permafrost
temperature trends due the climate change.
The areas of geological phenomena must be confront with elements of the engineering structure to
find the cause of negative impact (Sergeev et al. 2010). The example of similar analysis is showed on
the fig.3 that reflects the position of influence zones' borders.
It's important that we must take into account only the technical elements that affect the geocryological
conditions. These interactions are used in the numerical models' parameterization. Depending on the
geocryological process' physics the different combination of model can be used (ground temperature
regime, water migration, ground mechanics, etc.). If we know the sequence of human actions (building
operations or temperature impulses in the pipeline) we prepare the scenario for combined modeling to
predict the state of nature-engineering system after the fixed interval of the time.
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Fig. 2. Icing because the disturbance of underground discharge in permafrost condition.
Such combined model can be developed for the typical cross-sections which must be chosen after
expert analysis of longitudinal cross-section of the transport system.
The goal of this analysis is the detecting the “weak link in the chain” which are sensible to external
agents (thermal exchange conditions, climate events, etc.).
Fig.3 shows that each highlighted element in engineering system influence on the environment and
change the geocryological conditions in different seasons. The models take into account these
changes. E.g. the highway embankment affects the water drainage conditions and leads to pond
formation. In summer the bottom of the pond have the mean temperature much higher than the soil
surface temperature (Perlshtein et al. 2005). In winter the temperature evolution depend of pond depth
and snow drift conditions. There are principal effects which must be taken into account in ground
temperature model.
The impact zone from different element of engineering system can cross and cumulate the permafrost
change.
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Pipe

Fig. 3. Generalized cross-section of nature-engineering system of the pipeline corridor: 1 – Disturbed
surface, 2 – Non disturbed surface, 3 – Pond, 4 – Border of rock deposits. Impact zones of: 5 –
Corridor in whole, 6 – Highway, 7 – pipeline, 8 – Engineering protective structure.
The most important circumstance is the quite mobility of impact zone border during the year. It is
depends on three base causes:
- Human activity (surface disturbing, reclaiming, engineering protection operation),
- Climate events,
- Geocryological processes' evolution that changes the common situation itself.
The analysis of the longitudinal cross-section shows the distances of the activity and the interaction of
processes along the structure. E.g., the thermokarst in the valley will progress less than in the
watershed divide surface but the total settlement here will be greater. The settlement amount under the
slope will be controlled by the erosion activity.
The detecting of the dimension of impact zones helps to approving the amount of additional
investigations and monitoring works. Also that helps to drawing up the modelling areas. In
mathematical models the static and dynamic factors must be separated. The static factors are
geothermal heat flux, relief, geological conditions. The variable factors are climate conditions, water
balance and surface properties.
The goal of modelling is providing the information to estimate the probability and intensity of direct
impact to engineering structure from geocryological process (thermal settlement, frost heaving). In
cases when the predicting of impact is non-evident (combination of processes) the expert estimation of
linear object vulnerability is recommended. Such estimation must be prepared for each stage of the
life-cycle of the plant (prospecting, building, exploitation, reconstruction, liquidation).
The result of the diagnostics is the description of possible interaction of nature-engineering system’s
elements.
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3. RANKING OF GEOLOGICAL HAZARDS
Ranking of hazards helps to prove the priorities and queue of special investigations (observing,
modeling, sampling, etc.) and additional protective engineering structures.
In practice the universal risk criteria is non effective. The ranking can be prepared in different aspects:
safe-engineering, resource-keeping and environmental (Leshinsky et al. 2006, Sergeev et al. 2009).
For each aspect the set of criteria is drawing-up. These criteria include the proximity of the geological
phenomena of engineering structure (“Danger category”), the impact intensity (“Areas, dimensions
and frequency of phenomena”), the complexity of the impact (superposition of geological processes),
the unsteadiness of situation (positive or negative trend in process characteristics’ values), the impact
duration, and the effectiveness of previous engineering protection procedures.
Each area of geological phenomena gets the rank that reflects the actual priority of danger and could
be different in different years. It is possible to calculate the cumulative rating of areas with taking into
account some set of ranking criteria. However this cumulative rating could be prepared only for
separate tectonic-geomorphological provinces.
In result of ranking the basic of practical recommendation is drawing-up. This provides the possibility
to predict the economical loss due the geological process activity.
4. CONCLUSION AND PRACTICAL APPLICATIONS
Some dangerous geological processes depend on the human activity. Other events are linked with
natural dynamics. Authors develop the flexible ranking of geological hazards for lengthy transport
systems with taking into account the “static” geological conditions as well as man-caused, climate, and
hydrological impulses and trends.
Presented system approach provides the possibility to prove the content and sequence of investigation
for lengthy system with high variability of environmental condition.
The perspective way to developing this method is the dividing the processes and circumstances with
more or less influence of stochastic behaviour. That will help the choosing the site and areas of
detailed modelling or direct monitoring.
Author developed the complete method of rapid registration of expert estimation of situation from
aerial visual survey procedure.
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Abstract
The direct determination of soil moisture retention characteristics is rather expensive and time
consuming. In the paper, the representative pedotransfer functions (PTF) as an alternative were
introduced to determine points of soil moisture retention curves (MRC) for agricultural soils in the
Hron river catchment. To create PTF, multilinear regression analysis was used, that was based on
field and laboratory measurements of the particle size distribution, dry bulk density and content of soil
organic matter. The points of pF curves for selected localities from input sample file (validation set)
were calculated, regression coefficients of six PTF equations for predefined moisture potentials were
estimated and shapes of measured and calculated MRC were compared. Values of MD=<-0.050–
0.026>, RMSD=<0.006–0.053>, and r=<0.954–0.999> indicate high applicability of calculated PTF
to determine MRC of the mentioned river catchment.
Key words: retention curve, the point pedotransfer functions, particle size fractions, humus and
organic carbon content, dry bulk density
1. INTRODUCTION
In hydropedology, the soil environment including water and soil air is known as the aeration
(unsaturated) zone. Due to the increased monitoring of the effects of human activity, industry and
agriculture in this area, interest in the aeration zone and process of soil water distribution has recently
risen steeply. Prediction of the soil water movement in fields such as hydrology, ecology,
meteorology, and others are simulated in computer applications that take into account the retention
soil properties. Soil moisture retention curves (MRC) are an input to these models, but their
measurement is time consuming and expensive issue, especially when measured data from a more
extensive area are needed. An alternative solution to the problem of demandingness and laboriousness
of their measurement is to use pedotransfer functions (PTF). These functions have been developed as a
tool, which converts readily available hydrophysical soil properties from pedological surveys to
required retention soil parameters. PTF are linear or nonlinear regression equations based on the
particle size distribution, bulk density and content of soil organic matter. Reliability of their modelled
prediction depends on the accuracy of the measured input data. Because the pedotransfer functions are
derived from the database of a limited number of soil samples, it is not always clear what is their
applicability in the case that conditions are different than those under which they were developed.
2. MATERIAL AND METHODS
The method to determine points of soil moisture retention curve in laboratory conditions is demanding
on the experimental device, as well as on the time required for its implementation. Monitoring of the
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soils in the Hron river catchment was conducted as part of the project APVT-51-019804
"Regionalisation of hydrophysical characteristics of soils of Slovakia". The aim of the project was to
quantify the dynamics of water storage of agricultural land (cultivated agricultural land, grassland,
fallow land) and water management in the catchments of Slovakia. Number of samples taken in each
catchment was determined according to the areal percentage representation of different soil types in
individual catchments that was based on map data from the Soil Science and Conservation Research
Institute in Bratislava. Field sampling was made at selected locations using Kopecky's cylinder with a
volume of 100 cm3 in topsoil horizon at a depth of 15-20 cm and subsoil horizon at a depth of 40-45
cm. Subsequently, physical and chemical analyses were carried out in the laboratory to obtain
hydrophysical soil characteristics.
Undisturbed soil samples were collected from 92 stations at mentioned two depths from the whole
Hron river catchment. In the initial phase of the analysis, moisture content of soil samples under the
action of the pressure potential was surveyed using pressure extractors. For each sample, 6 points of
soil moisture retention curve at preselected moisture potentials h w = -2 cm, -56 cm, -200 cm, -562 cm,
-1000 cm and -3019 cm were measured. After drying the soil samples, physical characteristics such as
specific density s and dry bulk density d were evaluated. Furthermore, particle size analyses were
carried out using hydrometer method. Evaluating the results, percentage representation of the
individual fractions for each sample was determined according to the classification methodology of
complex soil survey (CSS) (Table 1).
Table 1. Particle size fractions classification according to CSS methodology.
I.
II.
III.
IV.
V.

FINE FRACTION

Number of fraction

Particle diameter (mm)

Name of fraction

< 0.001

clay

0.01 – 0.001

fine and medium
silt

0.05 – 0.01

coarse silt

0.25 – 0.05

fine sand

2.00 – 0.25

medium sand

Individual sampling areas in the catchment were categorized into 5 soil types in accordance with the
percentage distribution of clay particles in the soil samples (Table 2).
In the final step, the percentage representation of organic carbon COX and humus was specified for
every sample using chemical analysis. In order to simplify the whole process of MRC points
measurement, soil properties of samples taken from sampling depth of 15 – 20 cm, that were
measured in the laboratory, were used to calculate the pedotransfer functions. To process PTF, it was
necessary to exclude inaccurate, resp. insufficiently homogeneous values from the input package of
measured values. The standard deviation
as adequate statistical characterization provides
information on measurement accuracy. To handle the input data, triplication of standard deviation was
chosen for tolerance limit.
The input file - 92 sites from the Hron river catchment contained 14 columns of measured quantitative
characteristics: -2, -56, -200, -562, -1000, -3019, % COX, % humus, d, and % of I. - IV. fractions. It
was necessary to calculate the standard deviation for each quantitative attribute and exclude the data
that exceeded the average value of the attribute three times the standard deviation downwards resp.
upwards. Each measured value of hydrophysical characteristic was compared with the mentioned
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bounds of tolerance, using the graphical display in Microsoft Excel software. Subsequently, six
localities were removed from the original set that did not meet the criteria.
Table 2. Soil classification according to soil texture.
Content of I. fraction particles (%)

Soil types

0 - 20

light soils

20 - 30

medium heavy – lighter soils

30 - 45

medium heavy – heavier soils

45 - 75
75 - 100

heavy soils
very heavy soils

From data package treated such way, subset of six localities was randomly selected – No.1 Luba, No.2
Kamenin, No.47 Detvianska Huta 2, No.62 Bzenica, No.68 Hontianske Kosihy, No.90 Cierny Balog
1, that served as a test subset for comparison of measured and calculated soil moisture retention
retention curves (Table 4) (validation set).
Point pedotransfer functions were used in this study. The PTF are regression equations that predict soil
water content at a predefined pressure potential hw. Generally, their form is as follows (Bristow;
McBratney and Minasny, 1999):
hw = A * % sand fraction content + B * % silt fraction content + C * % clay fraction content + D *
+ ....+ X * xn, [cm3 cm-3]
(1)

d

Where A, B, C, D, ..., X are the regression coefficients and xn can stand for another easily measurable
soil properties. The most used values of pressure potential h w ranged from 330 up to 15000 cm, which
corresponds to the value of wilting point.
Taking into account the evaluated soil properties of the mentioned project, regression equation of PTF
functions (1) had following form:

hw

= A * xA (%V.franction) + B * xB (%IV. fraction) + C * xC (%III. fraction) + D * xD (%II. fraction) + E * xE (%I. fraction) + F

* xF (%humus) + G * xG (

d)

+ H * xH (%Cox) + I

(2)

In MS Excel, regression data analysis is included in the bookmark Data analysis in the package of
Analytical tools under the term Regression. When defining the data for regression, "Input area Y" was
represented by column with hw values and "Input area X" was represented with field of columns that
included soil characteristics: I.-V. fraction representations, humus content, d and COX content.
Therefore, calculation of regression analysis had to be performed six times for each pressure potential
-2,
-56,
-200,
-562,
-1000, and
-3019.
The output of regression analysis consists of several statistical characteristics, which could be further
examined. For point PTF, the column "Coefficients, in which individual regression coefficients A, B,
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C, D, E, F, G, H, and I from equation (2) were generated, was the most significant output in the
resulting table.
3. RESULTS AND DISCUSSION
Representative pedotransfer functions to calculate the points of MRC of agricultural soils (from a
depth of 15-20 cm) in the Hron river catchment were produced by substituting the results of the
regression coefficients from Table 3 to equation (2):
= 2.47*10-4 * xA + 4.57*10-5 * xB + 5.48*10-4 * xC + (-4.59*10-5) * xD + (-7.10*10-6) * xE + 33.954
* xF + (-0.221) * xG + (-58.525) * xH + 0.735
(3)
-2

= 7.86*10-4 * xA + 1.52*10-3 * xB + 1.00*10-3 * xC + 1.64*10-3 * xD + 1.69*10-4 * xE + 10.722 * xF
+ (-0.061) * xG + (-18.456) * xH + 0.295
(4)
-56

= 9.20*10-5 * xA + 5.92*10-4 * xB + 5.74*10-5 * xC + 1.42*10-3 * xD + 1.12*10-3 * xE + 7.440 * xF
+ (-6.82*10-3) * xG + (-12.796) * xH + 0.264
(5)
-200

-562

= (-3.71*10-4) * xA + 2.04*10-4 * xB + (-2.94*10-4) * xC + 1.09*10-3 * xD + 9.98*10-4 * xE +

(-1.010) * xF + 0.014 * xG + 1.776 * xH + 0.241

-1000

= (-7.49*10-4) * xA + (-1.32*10-4) * xB + (-6.45*10-4) * xC + 7.51*10-4 * xD + 7.01*10-4 * xE +

(-2.277) * xF + 4.37*10-3 * xG + 3.958 * xH + 0.278

-3019

(6)

(7)

= (-9.31*10-4) * xA + (-1.82*10-4) * xB + (-8.54*10-4) * xC + 7.33*10-4 * xD + 3.73*10-4 * xE +

(-10.862) * xF + (-0.039) * xG + 18.751 * xH + 0.347

(8)

Measured data from selected subset of six sites were used as independent variables in derived PTF
equations. Six hw values were calculated for each test site (Table 5), which assisted in plotting and
comparison of the pF curve at the specific site.
Subsequently, shapes of measured and calculated MRC for all six test sites were plotted in MS Excel.
After the graphical comparison (Figure 1-3), prediction accuracy of pF curves was evaluated using
statistical indices - mean deviation MD, mean square deviation RMSD and correlation coefficient r.
The values of statistical indices MD, RMSD and r of measured and calculated retention curves from
selected sites under comparison were confronted with index values reported in the work of Cornelis et
al. 2001 (Table 6).
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Table 3. Regression coefficients PTF for soils taken at depth 15-20 cm.
V. fr.
A

III. fr.

B
-4

II. fr.

C
-5

I. fr.

D
-4

humus

E
-5

F

G

H

I

-6

33.954

-0.221

-58.525

0.735

-2

2.47*10

4.57*10

5.48*10

-56

7.86*10-4

1.52*10-3

1.00*10-3

1.64*10-3

1.69*10-4

10.722

-0.061

-18.456

0.295

-200

9.20*10-5

5.92*10-4

5.74*10-5

1.42*10-3

1.12*10-3

7.440

-6.82*10-3

-12.796

0.264

-4

-4

-4

-3

-4

-562

-3.71*10

2.04*10

-4

-4

-2.94*10

-4

-4.59*10

Cox

d

-7.10*10

1.09*10

9.98*10

-4

-1.010

0.014

1.776

0.241

-4

-3

3.958

0.278

-0.039

18.751

0.347

-1000

-7.49*10

-1.32*10

-6.45*10

7.51*10

7.01*10

-2.277

-3019

-9.31*10-4

-1.82*10-4

-8.54*10-4

7.33*10-4

3.73*10-4

-10.862

Table 4. Measured values of

hw

4.37*10

from selected subset of six sites.

Number of locality

Soil type

-2

1

medium heavy soils - heavier

0.449

0.404

2

medium heavy soils - heavier

0.393

47

medium heavy soils - lighter

62

-562

-1000

-3019

0.369

0.363

0.344

0.324

0.351

0.339

0.327

0.314

0.300

0.554

0.442

0.398

0.345

0.318

0.302

medium heavy soils - lighter

0.507

0.363

0.333

0.298

0.278

0.241

68

heavy soils

0.448

0.409

0.396

0.383

0.369

0.336

90

light soils

0.482

0.438

0.416

0.407

0.379

0.340

Table 5. Predicted values of

hw

-56

-200

from selected subset of six sites calculated using PTF.

Number of locality

Soil type

-2

1

medium heavy soils - heavier

0.467

0.387

0.363

2

medium heavy soils - heavier

0.385

0.350

47

medium heavy soils - lighter

0.545

62

medium heavy soils - lighter

68
90

175

-56

-1000

-3019

0.344

0.327

0.299

0.341

0.330

0.314

0.289

0.414

0.384

0.359

0.341

0.324

0.502

0.380

0.356

0.329

0.312

0.287

heavy soils

0.447

0.375

0.359

0.342

0.327

0.305

light soils

0.466

0.379

0.357

0.338

0.320

0.300
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Locality 2 - Kamenin
15-20 cm

pF

pF

Locality 1 - Luba
15-20 cm

MD = 0,004
RMSD = 0,006

MD = -0,011
RMSD = 0,018
measured pF curve
calculated pF curve

measured pF curve
calculated pF curve

[cm3.cm-3]

[cm3.cm-3]

Fig. 1. Shape comparison of measured and calculated pF curves using the PTF.

Locality 62 - Bzenica
15-20 cm

pF

pF

Locality 47 - Detvianska Huta 2
15-20 cm

MD = 0,018
RMSD = 0,019

MD = 0,026
RMSD = 0,029

measured pF curve
calculated pF curve

measured pF curve
calculated pF curve

[cm3.cm-3]

[cm3.cm-3]

Fig. 2. Shape comparison of measured and calculated pF curves using the PTF.
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pF

Locality 90 - Cierny Balog 1
15-20 cm

pF

Locality 68 - Hontianske Kosihy
15-20 cm

MD = -0,031
RMSD = 0,034

MD = -0,050
RMSD = 0,053

measured pF curve
calculated pF curve

measured pF curve
calculated pF curve

[cm3.cm-3]

[cm3.cm-3]

Fig. 3. Shape comparison of measured and calculated pF curves using the PTF.
Table 6. Resulting evaluation of pedotransfer functions using MD, RMSD and r indices.
PTF

mean MD
3

m m

mean RMSD

-3

3

m m

-3

mean r
-

Gupta and Larson (1979)*

0.0228

0.0602

0.9600

Rawls and Brakensiek (1982)*

0.0187

0.0653

0.9703

Rawls and Brakensiek (1985)*

-0.0582

0.0774

0.9468

Vereecken et al. (1989)*

-0.0226

0.0412

0.9880

Wosten et al. (1994)*

-0.0058

0.0521

0.9876

Scheinost et al. (1997)*

0.0280

0.0573

0.9493

Schaap et al. (1999)*

-0.0531

0.0724

0.9675

Wosten et al. (1999)*

-0.0163

0.0527

0.9805

Wosten et al. (1999)*

-0.0293

0.0518

0.9773

* Indices are mentioned in Cornelis et al., 2001.
According to Table 6 it can be concluded, that the values of MD = <-0.050 - 0.026>; RMSD = <0.006
to 0.053>, and r = <0.954 to 0.999> of calculated PTF were sufficiently close to the index values of
above mentioned authors. This review of statistical indicators indicates high applicability of
determined representative pedotransfer functions to estimate the soil moisture retention curves of the
soils used for agriculture in the Hron river catchment.
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4. CONCLUSIONS
Mathematical modelling of the water regime in soil aeration zone, resp. obtaining its characteristics
using numerical simulation in the mathematical model, comprises a progressive scientific method for
acquiring the quantitative data on processes running in the system atmosphere - plant cover - soil
aeration zone - groundwater and vice versa. Adequacy to express the "flows" running in this system
depends on the amount and accuracy of measured data, the level of processing of input data and results
obtained by measurement or preferably by systematic monitoring.
This paper was focused on the soil moisture retention curve and its indirect determination by means of
regression analysis of physical soil properties. Since the direct measurement of this significant soil
characteristic is complexly demanding, pedotransfer functions attracts attention as a tool of faster and
cheaper MRC determination. The paper describes the derivation procedure of point pedotransfer
functions in Excel interface for six values of suction pressure, resp. potential pressure (hw = -2 cm; -56
cm, -200 cm, -562 cm; -1000 cm; -3019 cm), that were used for calculation of individual points of pF
curves for samples taken on agricultural soils in the Hron river catchment at the depths 15-20 cm. To
compare measured and calculated soil moisture retention curves of selected sites, statistical indicators
as mean deviation MD, mean square deviation RMSD and correlation coefficient r were selected.
Indicator values MD = <-0.050 - 0.026> and RMSD = <0.006 to 0.053> of PTF equations of the layer
15-20cm give evidence about prediction accuracy of pF curves under comparison. The values of r =
<0.954 - 0.999> also indicate high correlation. According to the evaluation of mentioned indicators
and MRC graphical representation for selected sampling sites of studied catchment, it can be
concluded that the determined representative PTF have adequate reliability. They can be successfully
applied to model soil moisture retention curves on soils used for agriculture in the Hron river
catchment and also use them as input into mathematical models of soil water regime in this study area.
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Abstract
The mankind understand now the danger of the future ecological crisis. The reasons of it are very
numerous. One of them is the break with nature, the forgetting of our ancestors’ experience who had
lived garmonically with and in the environment. Thus the hunters-gatherers of Black Africa consider
themselves not the lords of nature but a part of it as animals, forests, plants etc. Their mode of life,
economy, system of world outlook were directed to the conservation and the renewal of natural
resourses. Some of their customs (as numerous prohibitions of hunting and gathering) may be useful
for us today.
Key words: ecology, Africa, hunters-gatherers
There is no necessity to mention a complicated, even dramatic situation that has emerged on Earth.
People of different age, interests and professions again and again address to this problem and wonder:
What to do? How to prevent the tragedy seeming so inevitable? Where are the origins of that situation,
in which the Earth and mankind have found themselves? Was it possible to prevent humans from the
destruction of natural harmony? How deep in the centuries the negative influence on the environment
of “homo sapiens” activity is and is it doomed to be only negative? These and many other questions
disturb us a lot.
Perhaps, an examination of traditional experiences of people of the African continent and other
regions of the world will help us to find answers to these questions (at least to several ones). The
whole system of views and practical approaches concentrates in a certain ecological experience of
various ethnicities of the world. Ethnical systems and natural environment have always been in a
certain interaction, and each ethnicity developed its own ethno-specific rules of this interaction.
Landscape and environment were the conditions of existence of any nation. They conditioned
economical activity; life support system; mode of life; and the nutritional system, clothes, medications,
kinds of crops and many other things depended on them. At the same time, of course, an inverse effect
on nature was unavoidable.
Each nation developed certain cultural skills, cultural environment, strongly connected with ecological
conditions. Destruction of the interaction balance had a dramatic impact on both nature and culture of
the ethnicity. Analysis of the traditional experience of human interaction with the environment is, to
our opinion, not only of historical interest, but, probably, may help to reconsider a modern
management practices and even use and revive the popular know-how.
Not so long ago African peoples had an unique experience in this field. L.F. Blokhin expressed
himself more exactly about this matter: “African culture is inseparable from the landscape (forest or
savanna), where it exists and with which it interacts through the system of multiple animistic cults. A
human in this culture is not the lord of creation, a conqueror of nature, called for turning it to please
himself, but a creature, absolutely depending on it, that shall not get into a conflict with it. A human
should revere various spirits of woods, lands and waters and gain their favor in every possible way.
Scientifically speaking, traditional culture orders us to protect and preserve that whole natural
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landscape, in which a certain community has settled down, and not just separate parts of it that can be
economically valuable. This exact purpose, aimed at an integral ecosystem or a natural landscape, will
let to use a mechanism of natural self-management, which, as we know, is always more perfect (in
relation to efficiency and power inputs), than any artificial mechanisms, no matter how sophisticated
they could be.” (Blochin L.F., 1993, p.23).
Hunters and gatherers might have felt more strong connection with nature. They had no concept ”we
and nature”, but only – “we are in nature”, i.e. people considered themselves as a part of wildlife, as
forests, rivers, mountains, animals, plants and etc. As a rule, these people were ecophilic and very
considerate to preservation of ecological stability.
Though, modern authors estimate an impact of the economy of hunters and gatherers on natural
environment in different ways. Sometimes these opinions are very opposite. Ones think, that hunters
and gatherers unavoidably destructed the environment (Own D.E., 1973, p.117). The others consider
that the general feature of this type of economy is a state of balance with the environment, which
could be disturbed only by transition to other activities. We can often also hear an opinion, that as a
hunter and a gatherer are not producers but consumers, then, they are certainly destroyers (Nikitin A.,
1980, p. 187-206). In fact, all economic system of this “consumer” activity “ ensures “good working,
viability and development of existing ecosystems” (BlochinL.F.,1981,p.37).
The balance of ecosystems includes hunting too. Thus, N. Le Houerou and B. Lundholm have clearly
shown that a man-hunter, controlling the quantity of wild animals, is a necessary element of biotic
communities. Ecological balance is damaged in national parks, where hunting is prohibited. On the
contrary, it is preserved in, for example, Kalahari, where Bushmen (Saan) keep on hunting, which is
based on traditional rules (Le Houerou H.N and Lundholm B.,1976, p.226)
Pigmies and Saan (Bushmen) are, first of all, among the African peoples, whose mode of life seems to
be the most “integrated” to nature. A recent motto “Back to nature”, generated by the consciousness of
danger of mankind death, resulting from unforeseen consequences of thoughtless technification of life,
attracted interest to habitants of rainforests. There appeared Europeans - enthusiasts of life among the
Pygmies. The Democratic Republic of the Congo, the area of Ituri river, which was much more known
about, than any other settlements of Pygmies, attracted them most of all. An attempt to change their
life was not successful, but there appeared such interesting books as, for example, ” Pygmy Kitabu”
by P. Hallet. Those, who lived with Pygmies, realized that it was hard to call the life of the latter
paradisal and carefree. One of the explorers of Pygmies P. Butse said: “…food is available during the
whole year in the rainforest, but it doesn’t mean that there is always plenty of it. Just right the
opposite, our Mbuti (name of Ituri Pygmies – E.L.) have to search for it all the time, so they should
know the area of the forest, where they live, very well. Those, who don’t know the environment
enough, will die for sure, and the fate of many Europeans proved it. Pygmies should be diligent in
their profession as well as other people” (Butse R., 1956,p.225).
Stories about small people somewhere deep in Africa were considered in Europe to be a fine invention
of ancient authors. For example, Pygmy gods from the Phoenician ships were familiar to people. One
of them was called “Puam” (the Hammer god), which was turned into “pygme” (fist-size) by Greeks,
and which came the part of the name “Pygmalion” (Turaev V., 1936,c.40-48). Pliny the Elder wrote,
that “according to some information, the Nile marshes are the motherland of Pygmies”. Homer in “the
Iliad” writes about the battle of Pygmies with cranes.
Richard Henning considered that this information could have been true, if Greeks heard stories of “the
Nile marshes”, where cranes hibernate, and where Pygmy hunters really live. It was also known, that
about 2300 BC, one Egyptian Hirhuf said, that had brought from the upper Nile “a Pygmy for divine
dances” for the Pharaoh’s court. By the way, one of the modern books about Pygmies is called “The
Dancers of God” by its author (Ballif O.,1976). E. Mweng writes that up to the present day, Pygmies
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are famous dancers, and on the place of Independence in Cameroun’capital one can see the same
dances that watched Pharaoh Pepi II two thousand years ago. Though, until the end of the 19th century
all those stories were treated like funny jokes.
But in 1870, a German traveler Georg Schweinfurt surprisingly saw the proof of these words that
seemed to be invented: “I had nothing left to do but to stare at that real, vivid embodiment of the
legend, that existed for thousands of years, to draw it and to ask questions”. Thus, people learned
about the nation that had been living almost all over the tropical Africa, since it was driven back to the
depths of equatorial forests by the Bantu farmers.
Now they live sparsely and have no general name. The most considerable group lives within the
Democratic Republic of the Congo (DRC). The most widespread name, given by their Bantu
neighbors, is Batwa. The Pygmies, living along the river Ituri to the North-East of the country, have a
common name “Mbuti”. They are divided into three groups: Efe, Cango and Akka. General name of
the Pygmies from Gabon and the DRC is Bainga. Separate groups in Gabon are called Qwi, Bongo,
Coa. Three groups of Pygmies live in Cameroun – their general name, given by Bantu, is Babinga
(spear people). In south-eastern part of Cameroun there are settlements of Bagyeli (original name –
Bakola); and in the south-western part – Bibaya (original name – Baka). One group lives far to the
North; this is the only group of all Pygmies that lives beyond the forest in savanna. The Pygmies of
Ruanda, Burundi and Uganda are called Batwa, the same as in the DRC.
The population of Pygmies in Africa can be calculated only approximately. It is explained by the lack
of population statistics in the countries of Africa and by the fact that locations of Pygmies are difficult
to access. Data concerning their number in different countries of Africa are not full and often
controversial. Approximately 4 thousand Pygmies live in Gabon, about 10 thousand - in Cameroun
(according to some other information the total number in both countries is no more than 10 thousand
people); in Ruanda – 40 or 60 thousand; information concerning the number of Pygmies was not
issued in Burundi and Uganda; and there are about 20 thousand Pygmies in the DRC. Thus, the overall
population of Pygmies in Central Africa (plus 16 thousand people in Congo) can be estimated as 100
thousand people (Lvova E.S.,1978,p.246).
Forest gives to Pygmies all for their life. Here they can hunt, gather honey, fruit, roots, larvae, nuts and
herbs. Being perfect exerts of nature and reasonably treating their environment, Pygmies adapted to
rainforests, where they had been driven to by their tall neighbors, very well. One can repeat after R.
Butse that “ it should be acknowledged (and this is the highest evaluation of their physical and mental
capacities), that Pygmies managed to achieve success in reorganization and adjustment of all their
lifestyle, property, way of getting food to severe conditions of existence in a new environment…one
can be sure, that Pygmies won this battle with nature and managed to win back their lives from the
forest” (Butse R., 1956, p.233).
Though, Pygmies do not think of them as of the winners. They view their people as a comprehensive
whole with nature and forest as well. They even explained their unwillingness to wear European
clothes by this fact. They said to E. Patnem: “Other people do not live in forest. We are children of
forest. It made us who we are and it loves us what we are. If we put on foreign skins, it will confuse us
with animals and will stop helping us” (Patnem A., 1958, p.64). In conditions of virgin and humid
forest, to opinion of R.Butse, “any clothes is harmful for health, as it prevents the body from
transpiration, and skin from breathing” (Butse R., 1956,p.231). One European traveler was surprised
when he saw a Pygmy dancing alone. But the Pygmy was more surprised when he was asked why he
was dancing alone. “I am not dancing alone. I am dancing with the forest. I am dancing with the
Moon” (Turnbull C.M., 1965, p. 246) – he tried to explain to the European man, which he considered
to be foolish.
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Forest gives Pygmies everything: food, shelter, clothes, health. They get animals in the forest (vital
protein), nuts, fruit, honey, leaves, roots(protein, sugar, vitamins and medicines of all
diseases).Though now Pygmies often use agricultural products of their Bantu neighbors, about 40% of
calories are given to them by the forest (Bailey R.C., 1991). It gives a possibility to get iron
instruments, woven clothes, dishes, tobacco and agricultural products from the farmers due to excess
of honey, nuts and medicinal plants. Forest gives shelter too – sticks for huts, leaves for roofs, so tight,
that it protects from tropical rains. It gives building materials, which they supply their neighbors with.
They made clothes and floor in huts from leaves and animal skins. Due to the gifts of forest Pygmies
are famous as craftsmen, who make “mbugu” – a peculiar material made of rubber tree bark, which
Europeans call “rainforest suede”. Mbugu, made by Mbuti and Batwa Pygmies, was of great demand
among their neighbors, and clothes for aristocratic people of Buganda were made out of this material.
Rules of economic activity and the whole lifestyle were conditioned by the care of forest resources
protection and forest and rivers themselves. Regulations of the ordinary law were subjected to this
purpose as well. Of course, Pygmies blamed lies, cruel treatment of children and old people and
adultery. But more significant faults, that seemed to be foolish, from the point of view of a hunter and
gatherer, and entailed very severe punishments, were considered to be: unjustified murder of animals
without necessity in meat, wounding of animals, deforestation and pollution of rivers. Unfair division
of food among the members of the group was considered to be a serious moral breach. One of Mbuti
old men estimated violations according to the degree of seriousness: 1)cruelty towards children, 2)
murder, 3) pointless murder of animals, 4) disrespect of parents, elder people, 5) refuse to help a
wounded or a lost man, 6) spoiling of food, 7) pollution of rivers, 8) witchcraft, 9) adultery, 10) fainthearted behavior while hunting, 11) beating of wife/husband, 12) cutting of big trees, 13) blasphemy,
14) theft, 15) eating of eggs, which were considered to be “germs of life”, 16) slander (Hallet H.,
1973,p.410). It is obvious, that norms of joint life and conditions, under which the balance of the
environment was preserved, were the crucial ones. General blame was the most frequent punishment;
very seldom all adults beat the guilty. The most severe punishment was a prohibition to hunt with the
group or expulsion. In the conditions of severe life in the forest it was equal to death punishment
(Vansina J., 1956, p.57)
Economical activity is strictly regulated. Pygmies perfectly know the possibilities of their hunting
area, and they control excessive population pressure on natural resources. Population density of 3-5
people per sq. kilometer, seeming so low, is quite optimal in the conditions of rainforest. Population
pressure is decreased due to the active lifestyle. Small groups of Pygmies (3-15 persons) are moving
within their hunting area during the year. Migrations are strictly correlated in accordance with the
ripening of these or those fruit, filling of beehives with honey, delivery dates of wild animals, growth
of baby animals and etc. Stands with simple huts are changed approximately every two weeks, and
about 7 months a year they are situated near Bantu villages, and other 5 months – deep in the forest
(Bailey R., 1991, p. 71 ). Economical year of Efe (basin of river Ituri) is strictly regulated.
Types of hunting are various. Only Akka women may participate in hunting of big animals, other
Pygmies consider hunting to be only for men. They make weapon for hunting themselves. These are
bows and arrows, smeared with herbal and animal poisons, which are prepared by men too (only
Cameroun Pygmies do not use bows) (Bailey R.,p.22-23). Babinga use traps and snares very seldom.
On the contrary, in the forests of the DRC Batwa set so many of them, that Bantu, Pygmies’
neighbors, are afraid to go to the forest without a Pygmy guide (Valoua A.V., 1979, p. 123). Meat bag
gives 48% of the required protein. Pygmies are good hunters, who know their forest, as well as habits
of animals in it, perfectly. They even dare to hunt for such big animals as elephants. Of course, not
each Pygmy can do such a great job, and a man that killed an elephant is honoured in songs and kept
in the memory of descendants as a man, who made a great deal.
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Strict rules of distribution of bag are preserved too. The hunter, that was the first who heated the
animal, receives the biggest part (36%), a shoulder and a leg are given to the second, a head, shoulder
and leg are given to the hunter, whose dog hunted down the animal. The rest is divided among all
members of the stand. The purpose of hunting is not a sporting excitement and desire to get as much
trophies as possible, but a vital problem of life support. R. Bailey, who thoroughly investigated life of
Efe, surprisingly noticed, that many times a group of hunters came back to the stand after 2-3 hours,
having killed 1-2 animals. When he wondered, why the hunt had ended so fast, Efe answered, that
they had already found food for today, and they were puzzled, why such an obvious rule is so hard to
understand.
Though, gathering, and not hunting, gives Pygmies their main calories. According to the latest data,
(Bailey R.C., 1991p.71) women get 66,1% of calories, whereas men – only 33,9%. In this quantity
meat makes up only 8,5%. The other food in the part of men is gathering products as well. They gather
wild fruit, nuts, herbs together with hunting. But they go intentionally for gathering of honey (13,5%
of all food), and this gathering can be compared to hunting. Gathering, like hunting, involves obeying
a number of strict rules of careful treatment of nature: it is not allowed to pick unripe fruit, people
should leave part of fruit for seeds, it is not allowed to gather food from all trees and bushes and one
time and etc. It is not allowed to take all honey from bees and destroy hives, turn nests out and so on.
The system of world-view of Pygmies has been examined not enough, and many suggestions are very
controversial. Though, it is obvious, that nature, sky, water and forest stand in the primary place. After
death, human’s soul is vanished in the forest (according to Pygmies’ beliefs each separate soul
corresponds to each character traits (Butse R., 1956,p.238). B.I. Sharevskaya considered the system of
world-view of Pygmies to be polytheistic; Butse shares his opinion about the initial monotheism that
formed under the influence of Pater Schmidt’s ideas ; Mweng adds that it is possible to come across
totemism - as a religious connection between tribes and several half-sacred animals(Mveng E., 1963,
p.42); Kabago thinks, that ancestor cult is their primary feature (Kabago J. et Mudndagizi V., 1974,
p.77); Vansina believes, that the main creature of such ideas is in faith in Molimo – a spirit of forest
(Vansina J., 1966,p.415).
Pygmies have no permanent cult of the spirit of forest, though in case of any misfortunes, special
ceremonies, during which women and children must stay in huts, are held for him, for the creature,
personifying the motherland – the forest. This ceremony is repeated every evening, and every morning
people gather food for Molimo in the basket. This is not an anthropomorphous or zoomorphic image,
but a personified forest, master of fire, food and human’s life.
French ethnographers, describing Pygmies of Gabon, Cameroun and Congo consider animal-worship
to be the most important thing in their world-view system. Many groups of Pygmies view totem
animals – chimpanzee, iguana, crocodile and others – as their brothers (L’ethnographie de l’Union
Francaise). Kmwum – the god-creator is thought to be higher than such animal ancestors by Pygmies.
They make sacrifice to him with nuts, honey, game, but they have no priests, no depictions of god, and
places of worship. The sun was one of his main attributes of a display of divine power that gives light
and life to people. Kmwum was also identified with a rainbow – a symbol of unity and connection of
the shy and the earth, which was also considered to be the bow of the creator (L’ethnographie de
l’Union Francaise).
Bushmen (saan) live in very hard conditions of semi-deserts and deserts of Namibia (about 8 thousand
people), Republic of South Africa, Botswana (over 30 thousand) and Angola (about 8 thousand). They
have no common original name, but among them there such groups as Heykum (in the eastern part of
Ovambo area), Auen (on the south of Kalahari) and the most numerous group Kung (in the north-west
and center of Kalahari). Severe life conditions, complicated relations with farmers, especially white
farmers, (it is known, that there existed a policy of physical extermination of bushmen, who, having no
idea of the institute of private property, gathered in gardens of the farmers and hunted for their herds),
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gradual ousting deep into deserts and semi-deserts, gave a ground to think that this nation is about to
extinct. That’s why one of the most famous woks about Bushmen, written by Ellenberger (50ths years
of the XX century), is called “Tragic end of Bushmen”. Nevertheless, it turned out, that traditional
experience of survival and preservation of ecological balance helped them to survive and to increase,
though not considerably, the population.
Now, far not all Saan keep on living traditional lifestyle. In Botswana they are hired to work at goldmines, and at diamond mines in Namibia (their sharp eyesight and special sensitivity of fingers let
them notice the smallest particles of gold and diamonds, it is very difficult to differ them from waste
rock in unrefined and non-processed form). In the Republic of South Africa and Namibia part of their
lands became national parks – Kalahari-Gemsbok and Etosha-Pan respectively, where hunting of big
animals is prohibited.
Though, some part of Bushmen managed to preserve their traditional lifestyle. Strict rules of nature
management are preserved too: terms of hunting, prohibition of killing female animals and animal
babies, hunting down of wounded animals. The last rule becomes easier with the use of strong
poisons, most of all are of neuroparalytic kind, and special light arrows with separable ends. If an
arrow can drop out of the wound, while running through the bushes, the poisonous end will stay in,
and a animal will definitely die.
Poor vegetation demands to control excessive population pressure on the Earth very attentively.
Separate hunting groups (two to eight families) know the bounds of their areas very well, and there are
practically no any misunderstandings in relation to this fact, according to J.Bierre., perennial streams
usually belong to such groups, and they rigorously control the purity. Water is the thing of special care
in these arid zones. People treat the reserves of water very carefully, never take it till the last drop
(from hollows, wet sand), and store it, digging ostrich eggs into the ground. Vegetation in the territory
at any definite direction from the spring is viewed as the property of a group. Prohibition to get out
roots or gather water-melons for foreigners protects food resources from exhaustion. The “owners” use
their territory very carefully, they leave berries for bad days and for seeds for future. They also leave
small tubers of sweet or wild leek (wint-yens) in the ground. They gather herbal seeds from ants;
gherkins, juicy and sweet; watery melons “tsama”, that give not only food but water as well. Thomas,
that walked many routs with Kung Bushmen, showed, how carefully they treat the resources. When
she asked her friend Gai to show her one root, he pretended as if he had forgot, where it grows. Only
when Thomas said that everyone knows that such roots are seldom and no one would definitely eat is,
he agreed to show her where it grows, and the trip took almost an hour. “Everything around was their
orchard and they perfectly knew what, when and where they can find in it” – wrote I.Bierre (Byerre I,
1963).
As Swedish investigators have shown, Saan that live in Kalahari in the territory of Botswana and keep
on their traditional lifestyle give an example of such balanced economy. Their lifestyle, that created
thousands of years ago, is adapted to natural environment, where a human can hardly survive, and it
does not harm local natural resources, and in 1960s the government of Botswana called the territory of
Saan as “the main area of underused resources in the country” (Zummer-Linder V., 1976, p. 171).
An experience of Saan gatherers was adopted by their Tswana neighbors that came to those semiarid
zones later. Applying this experience and personal traditions, Tswana (Tlokwa group) gained great
knowledge in relation to collecting and processing of gathering products (about 230 kinds of plants).
Not only applied strict rules of gathering (prohibition of gathering unripe fruit, obligatory leave of fruit
for seeds etc.), but also bans on special types of products for each age, play a great resource-keeping
role in this process (Griveti L.E.,1978).
A similar economic type is preserved at the part of Hadzabe (Sandavi) in Tanzania (450 people in
1973). Rainy season is connected with the prevalence of gathering, which nomadic groups of no more
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than 20 people do. In this time they are concentrated on gathering fruit of wild plants, roots, root
crops, bird eggs (including ostrich eggs) and honey. In dry season they start hunting of big animals
(elephants, rhinos). The type of hunting changes as well – it becomes a joint hunting and, as a result,
hunting groups grow up to 40, and sometimes up to 70 people. The peak of dry season and
dehydration of savanna demand to change the activity again. Big animals leave to ore wet areas and
Hadzabe eat wild fruit – “mtussi” and grain and sometimes meat of cows, that they receive from their
neighbors Issansu for ivory, rhino horns and skins of wild animals (Nad G., 1981,p.108-112).
Integrity of Hadzabe with nature, feeling of unity with it lead to the fact, that their knowledge of
nature, and habits of animals surprise even experienced viewers. These are words of Khole Larsen
about Hadzabe hunter navely Shungwacha: “By the smallest sign of sweat, which we even couldn’t
see, by the absolutely imperceptible break of a blade, he could easily find the animal, put down by his
poisonous arrow” (Hole-Larsen L., 1962, p.17). All albums, devoted to rock paintings of Bushmen,
have a of a flock of ostriches, one of which has human legs – this is a talented hunter, who perfectly
imitates the habits of birds, and feels himself as one of them as well.
The whole life of a man is subjected to desire not only to learn nature, but to integrate in it. At the age
of 7 boys, watching the adults, learn how to trace big animals, how to determine the strength and
direction of wind, how to sneak up silently and secretly, how to move in the desert and bushes easily.
Educational cycle is finished by teaching of initiation that is held once in two years. In order to prove
their introduction into the adult world, they must kill game by themselves, bring it to the stand and, I
spite of hunger, just watch the feast. The healer finishes their conversion into men in a symbolical way
by cutting out the heart, eye and tendons of animals, burns them down and rubs the ashes together with
chopped pieces of bushes into the cut on the bridge o the nose. Thus, a peculiar act of brotherhood
with flora and fauna is completed.
Unity with nature, assimilation of it with a personal community can be perfectly seen in the folklore of
Bushmen, where their world-view, their religious and cosmological beliefs are reflected. Bushmen
think that the moon is an old man and the sun is a girl; Sandave think different: they see the moon as a
woman (Raaten S.,1969, p.26). Both, Sandave and Bushmen-garan associate the moon with water, so
necessary in their dry lands; healers turn their hands up to the young moon: “Give us rain, so we could
live” (Bleek D.F., 1928,p.27).
Involvement into the general body of nature and human, and elements, planets, forests, animals and
plants is realized though the human nature and natural essence of the human himself. “Wind used to be
a human” – says the fairy tale “Son of Wind”; women used to be fruit and then turned into humans
(fairy-tale “Kauha and his wives”); and a man can turn into a snake and snakes – into people (“About
the daughter of Kagn and how snakes turned into people” (The myths and tales of Bushmen,
1983,pp.109, 119, 247). One can see the tight connection of the moon, sun, stars and wind with a
human, dependence of economical activity and objective reality on them. That’s why they addressed
to them, singing.
All myths and fairy-tales (most of them are connected with Tsagan-pilgrim (demiurge) have an idea of
unity of a human and animals, even plants; peculiar totemic ideas are reflected in them. A fairy-tale
“The bustard and the ostrich” starts, for example, with the following words: “That time they were both
humans, the ostrich was a man and the bustard was a man too. That’s what it was like. All animals
used to be humans. That was the beginning” (The myths and tales of Bushmen, 1983, p.53). The same
unity of the world in the tales of Hadzabe turns out to be like this: “He (the creator) divided baboons
into two hordes. Those, who got into the first horde, became Hadzabe – the people, who live in
savanna. Those, who got into the second horde, stayed baboons” (Khole-Larsen L.,1962,p.37). All
animals live the same lives as people do – they have wives and husbands (the sun, moon and wind
too), they quarrel and love, hunt and dance and etc.
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A conviction in possibility to obtain a property of this or that animal with the help of magic of
imitation relates to the same circle of concepts. Thus, a capacity to run fast can be obtained by rubbing
the ash of fried and pounded tendons of gazelle or antelope into a specially made cut; powder from
bird’s eyes will give visual acuity; tortoise skin will give stamina and capacity to stay long without
water (which is very important in desert); and ivory can grant power and strength (Byerre R.,
1963,p.53).
According to Saan beliefs, natural phenomena (lightning, rain) and their derivatives (fire, water)
protect humans, and have healing power. In Hadzabe fairy-tale “Wagambo sorcerer” a boy revives
them with the help of women. An in fairy-tale “The hare and Matsu” a hair brings the burnt friend to
the river, pours water on him and it revives him too.
Exactly those hunting and gathering communities ensured ecological balance, which is now disturbed,
first o all, by technificated types of activity (mining, deep-ploughing agriculture, lumbering and etc.).
In a number of countries hunters and gatherers struggle for their traditional territories. The examples
of successful fighting in Australia, USA, Canada and Scandinavia were brought at V1 International
conference on examination of hunting and gathering communities that took place on May 27 – June 1,
1990 in Fairbanks (Shnirelman V., 1990, p. 142). It was permission for keeping traditional life in
national parks; concluding the agreements with states for mining and construction within their
territories. In the course of this conference appeals to the governments of India and Botswana with the
offer to reconsider plans of forced migration of some hunters and gatherers from their original
territories and resolution on rights of aborigines for the development of resources in their lands were
approved.
African hunters and gatherers have neither public organizations nor leaders that struggle for their
rights, but separate actions take place. Thus, the refuse to change the lifestyle – the only way to
preserve both original culture and ecological balance - is expressed in the “Letter of Pygmies to
Bantu” in Congo (Ngoie-Ngalla D., 1988) and letter of Hadzabe (see lower). But some years ago a
community “The first people of Kalahari ”was created in Botswana.
According to the opinion of many explorers, the loss of skills, traditional culture of gathering, refuse
from “insignificant”, “wild” activities may lead to double hard consequences: to loss of ecological
balance and to ecological crisis by uncontrolled use of resources from one side, and to the rise of
hunger (like the great draught in 1986-1994 in Sahel and in 1965-1970 in eastern Kalahari). Such
relation, for example, was recorded among the representatives of youth in Botswana, who think that
hunting and gathering is “the heritage of primitive tribal life”; they do not know more than 50% of 250
types of gathering, that elderly people know (Grivetti L.E.,1978,p.122).
It is possible, that today this “know-how” – empiric knowledge of resources of the surrounding
ecosystems, accumulated during the centuries, is of a great value and should become the subject of a
very thorough examination, until this knowledge is absolutely lost, as it happened, for example, with
the economy of sea hunters Tonar in Namibia.
P.S.

The text of Hadzabe in Tanzania (2006)
“ A brief history of the Hadzabe people”

We are Tanzanians, we are Hadzabe. Our people number about 1000 and we live in the lake Eyasi
valley and surroundinq hills. In our oral history we have always lived here. We have no record of
moving from somewhere else. Our language is not related to any of the many different languages of
our neighbors who have moved into the area more recently.
We have lived a good life for thousands of years in the Eyasi region even though it is a dry and harsh
land. In contact to the histories of our neighbors, we have no record of severe famine. Food have been
diverse and plentiful and we have mostly lived in harmony with our neighbors as well as our
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environment. The reason for this is our economy of hunting and gathering. This economy has
successfully provided for our needs and our wants because we rely on many different plants and
animals, all of which are adapted to the environment. They are planted and grown by God, Ishoko, not
by man. Our neighbors who try to grow such crops as maize in this arid land are faced with repeated
crop failures and are then dependent on famine relief for survival. The baobab trees we depend on
never have a total crop failure and if the harvest is poor, we can turn to many alternative plants, all of
which are planted by God.
Our culture has adapted so that we successfully and sustainably utilize the products of this traditional
economy in a sharing way. Our foraging lifestyle has led to gender equality and social to a degree anly
dreamed about in most societies.
Despite this, we face severe discrimination because we rely on an economy of hunting and gathering.
Most people, because they do not understand this economy, treat us as if we are backward. Because
we have maintained our environment I its natural state, they concider our land empty and unused. For
this reason our basic rights as Tansanians are denied. WE have lost over three-quarters of our land
within the last few decades. Most of this loss is to uses that are not appropriate and are not sustainable
in this dry bushland – such as agriculture, excessive livestock and the charcoal trade.
Contrary to popular opinion we Hadzabe are not opposed to development. WE too need education and
health care for our children and their mothers. But we believe it is possible to develop and still keep
our cultural heritage and our knowledge of natural resources. As we lose our land and the plants and
animals we depend on, we lose the only foundation which will enable us to develop as Nanzanian with
dignity. Loss of our natural environment will leave us homeless and its destruction will not benefit our
neighbors or our nation. And our fellow citizens will lose a rich culture and the store of special
knowledge accumulated over millennia – knowledge that can richly complement ours and your
children’s formal education.
As Hadzabe we wish to promote understanding of our culture and economy – an understanding that
will lead to a greater respect for our land our basic human rights. Of first priority is our rights over the
land which has sustained us over time and can allow us a future of dignity as Tanzanians. We are
Hadzabe, we are Tanzanians. Thank you (Gromova N.V., 2005, p.180)
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ACTIVITY OF SOIL UREASE IN SELECTED SOIL TYPES IN THE NITRA RIVER BASIN
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Abstract
The activity of soil enzymes as biocatalysts is necessary during all bio-transformations in the soil
ecosystem. The enzymatic activity of soil is closely related to important soil characteristics and it
serves as a microbial indicator of soil quality and health. It can be used as an integrating soil and
biological index reflecting land use. Urease is a stable enzyme in the soil ecosystem, used for the
evaluation of soil fertility, which catalyses the decomposition of urea. The research is focused on a
synthetic analysis of scientific findings on the activity of soil urease in selected soil types in
anthropogenic land in the Nitra River basin (Slovakia). The results of the research, carried out
between 2010 and 2012, showed the highest activity of soil urease in Fluvisols and Mollic Fluvisols
and the lowest activity was found in Cambisols. The statistical analysis found a correlation between
activity of soil urease and organic carbon content.
Key words: soil ecosystem, enzymatic activity, soil physical and chemical parameters
1. INTRODUCTION
There are a great number of enzymes in soil, depending on the diversity of soil organisms and the
conditions of organic substance transformation. Enzymes are present in the cells of living organisms in
soil (bacteria, fungi, algae, and soil fauna) and plant roots. Micro-organisms are a major source of
enzymes in soil. The amount and quality of enzymes in soil depend on their characteristics, volumes
and forms of organic matter and the activity of micro-flora. The enzymatic soil activity is higher in
fertile soils with a plenitude of organic matter. The highest proportion of various enzymes can be
found in the humus soil horizon (Pejve, 1966). The activity of soil enzymes can be enhanced by using
organic fertilisers (Burns, 1978, Iovieno et al., 2009, Chander et al., 1997). Urease belongs to the
hydrolase group of enzymes and is responsible for hydrolysis of urea fertiliser applied to soil into NH3
and CO2 with the concomitant rise in soil pH. This, in turn, results in a rapid N loss to the atmosphere
through NH3 volatilisation. Due to this role, urease activities in soils have received a lot of attention
since they were first reported. It is a process considered vital in the regulation of N supply to plants
after urea fertilisation (Makoi et al., 2008). Soil urease originates mainly from plants and microorganisms. It can be found as a free enzyme in soil solution, and yet more often firmly bound to soil
organic mass or minerals, as well as inside living cells (Klose et al., 2000, Alef et al., 1995). Its
activity depends on soil humidity (Baligar et al., 2005, Halaj et al., 2011), pH, humus proportion and
quality (Tabatabai et al., 2000) and the total nitrogen content (Nourbakhsh et al., 2004). At the same
time, an increased sensitivity to excess content of heavy metals (Kromka et al., 2000) and a negative
effect of triazine herbicides on the activity of enzymes (Beli ska et al., 2007) was shown.
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The research is focused on a synthetic analysis of scientific findings on activity of soil urease in
selected soil types in anthropogenic land in the Nitra River basin (Slovakia). Based on the achieved
results, correlations and their intensity between the activity of urease and selected physical-chemical
soil parameters are evaluated.
2. MATERIAL AND METHODS
2.1. Site description
The research was carried out between 2010 and 2012 in an observed area at the Nitra River basin. The
Nitra River springs in the southern slopes of the Malá Fatra Mountains, flows through the
Hornonitrianska Kotlina Basin, the Nitrianska Pahorkatina Highlands and gradually flows to the
Podunajská Rovina Plain. The river is 168.4 km long and the basin surface is 4,501 km2. The network
of the Nitra River is defined by a long main artery and several short slope tributaries from adjacent
mountains. From the spring to the town of Nitra, its direction is north-east – south-west, from the town
to the estuary at the Malý Dunaj River, the Nitra River flows in a north-south direction. The average
basin altitude is 326 m. Its highest point is the Vtá nik Mountain, which is 1,346 m above sea level.
The network of the Nitra basin is 3,655 km long, with a density of 0.81 km/km2. The long-term
average flow at Nové Zámky is 23 m3.s-1, the average breadth of the basin is almost 30 km and
the gradient curve fall curve reaches 4 ‰. The river network in the upper stream in
the Hornonitrianska Kotlina Basin has the shape of a tree, the middle stream in the area of the
Nitrianska Pahorkatina Highlands has only right-hand tributaries and the lower stream, after its
ameliorative adjustments, has no tributaries. The lowest forest coverage is found in the lower stream
(2.4 %), the highest in the higher part of the basin (47 %). The geological structure of the Nitra River
basin is characterised by the occurrence of four major rock units. The first is a Crystalline complex
with envelope sequences and mezozoic sheet, forming the Tribe Mts., the Považský Inovec Mts., the
Žiar Mts. and the Strážovské vrchy Mts. The second is a Flysch complex of Inner Carpathian
Paleogene in the Hornonitrianska Kotlina Basin. The third region consists of Neogene sediments and
volcanics. Neovolcanic rocks form the Vtá nik Mt., while Neogene sediments are typical for the
Podunajaská Pahorkatina Highland and partly for the Hornonitrianska Kotlina Basin. The Quaternary
period represents genetic variability of sediments from Early, Middle, Late Pleistocene and Holocene.
There are fluvial, proluvial and aeolian sediments which, at present, cover older geological formations
in the Podunajská Pahorkatina Highland and the Podunajská Rovina Plain (Mazúr et al., 1980,
Borgula, 2004). According to climatic regionalisation of the Slovak Republic, highlands and basins in
the range of the Nitra River are in a warm climatic area with an average of 50 or more summer days a
year with yearly precipitation from 550 to 750 mm, in the mountainous parts of the river-basin up to
1000 mm. The average yearly air temperature ranges from 9.9°C at the Podunajská Rovina Plain to
9ºC at the Hornonitrianska Kotlina Basin. In the mountainous part of the basin, the average yearly
temperatures are lower (6 – 7ºC). At the Podunajská Nížina Lowland and in most parts of the
Hornonitrianska Kotlina Basin, the sum of temperatures for the period of average daytime air
temperatures of 15ºC or above ranges from 2400 to 1600 and in the mountainous part of the basin
from 1200 to 2400 (Lapin et al., 2002).
Regarding the degree of environmental quality of the Slovak Republic, the actual flat of the Nitra
River and its wider upcountry is of the third degree (considerably disturbed area) and second degree
(disturbed area) of environmental quality. The rest of the Podunajská Nížina Lowland and the
Hornonitrianska Kotlina Basin are in the first degree (slightly disturbed area) of environmental quality.
The mountain slopes and their peaks are satisfactory or high quality areas. The environmental quality
of the region has been significantly affected by chemical, metallurgical, power and mining industry, as
well as by intense agricultural production.
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2.2. Soil sampling
Soil samples were taken from 111 sampling points (Fig. 1) from the top soil layer (0.15–0.20 m)
and sub soil level (0.40–0.45 m). The activity of soil urease and physical-chemical parameters were
observed. The activity of soil urease was determined in soil which had been air-dried and sifted
through a sieve (1 mm). In order to determine the activity of urease, a method modified by Galstjan
(Chazijev, 1976) was used. This method is based on spectrophotometric findings of the ammonia
content (at 410 nm in 1 cm cell), which is created, along with carbon oxide, in a hydrolysis of urea
(substratum) catalysed by urease:
CO(NH2)2 + H2O

2NH3+ CO2

In order to determine the content of ammonia by this method, toluene and phosphate buffer (pH 6.7),
2M KCl, Seignet’s salt and Nessler’s agent was used.
Physical soil parameters were determined by methodology commonly used in soil laboratories. Soil
granularity was determined by Ka inský’s pipetting method and bulk density was determined by
means of Kopecky physical cylinder with capacity of 100 cm3 (Fiala et al., 1999). With regard to
chemical soil parameters, soil reaction in 1N solution of CaCl2 was observed. Organic carbon (C ox)
was determined by urin’s method and the content of humus was calculated by means of the
coefficient 1.724 from the Cox value (Fiala et al., 1999).
The values of urease activity were calculated by the following linear equation: y = a + b.x. By means
of Statistica programme, correlations between the urease activity and selected soil parameters were
determined.
3. RESULTS AND DISCUSION
The most wide-spread soil types in the observed area of the Nitra River basin are Haplic Fluvisols
(34.7%). Chernozems represent 28.4% and Regosols 10.5%. A lower acreage is taken by Fluvisols,
Mollic Fluvisols, Stagnosols, Cambisols and Luvisols (Fig. 2).
Regarding lower taxonomic units, the following types prevail: Haplic Luvisols and Albi-Haplic
Luvisols, Mollic Fluvisols and Mollic Gleysols, Haplic Chernozems, Gleyic Fluvisols and Eutric
Fluvisols. According to the USDA triangle of textures (Fig. 3) it is obvious that, in the Nitra River
basin, silty-clay class (50% or more of silt and 12-27% of clay) prevails.
When monitoring and evaluating physical and chemical soil parameters, the focus was on the
following primary parameters: C ox, soil reaction and bulk density. The results showed that Cox values
in top soil (0.15-0.20 m) ranged from 1.21 to 2.23, which, in conversion to humus (using the
coefficient of 1.724), means moderate to good humus supply (Vil ek et al., 2005). The soil reaction in
the monitored soil types was mostly neutral. The measured values of bulk density were, in comparison
to average values of individual soil types according to Fulajtár (1986), mostly higher (Tab. 1).
In subsoil (0.40-0.45 m), the measured C ox values ranged from 0.59 to 1.65, which, in conversion to
humus, means predominantly poor humus supply (Vil ek et al., 2005). Alkaline soil reaction was
measured in Mollic Fluvisols. Soil reaction in Fluvisols, Chernozems, Haplic Fluvisols, Stagnosols,
Cambisols and Regosols was neutral. The measured values of bulk density were, in comparison to
average values of individual soil types according to Fulajtár (1986) mostly lower (Tab. 1).
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Fig. 1. Location of sampling points in the Nitra River basin (Slovakia).
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Stagnosols
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Luvisols
1%
Cambisols
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Haplic Luvisols
35%

Mollic Fluvisols
7%
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Chernozems
28%

Fluvisols
9%

Fig. 2. Representation of soil types [%] in the Nitra River basin.

Fig. 3. Classification of soil textures in the Nitra River basin according to the USDA triangle of
textures.
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Table 1. Selected soil physical-chemical parameters and soil urease activity in the observed soil types
in the Nitra River basin in 2010-2012.
Soil types

Depth [m]

Cox [%]

Humus [%]

pH/CaCl2

Bulk density
[t.m3]

Urease [mg
NH4+-N.g1
.24h-1]

Mollic
Fluvisols

0.15-0.20

2.23

3.84

7.2

1.47

0.39

0.40-0.45

1.65

2.84

7.4

1.49

0.21

Fluvisols

0.15-0.20

1.44

2.48

7.1

1.54

0.39

0.40-0.45

0.95

1.64

7.2

1.54

0.13

0.15-0.20

1.68

2.90

7.3

1.50

0.33

0.40-0.45

0.93

1.61

7,0

1.44

0.19

Haplic
Fluvisols

0.15-0.20

1.25

2.16

7.0

1.55

0.31

0.40-0.45

0.88

1.51

6.9

1.57

0.15

Stagnosols

0.15-0.20

1.21

2.08

6.9

1.55

0.28

0.40-0.45

0.59

1.01

6.8

1.55

0.08

0.15-0.20

1.27

2.19

6.7

1.41

0.24

0.40-0.45

0.99

1.70

6.9

1.44

0.15

0.15-0.20

1.25

2.15

7.0

1.64

0.34

0.40-0.45

0.72

1.24

6.9

1.56

0.12

Chernozems

Cambisols
Regosols

By monitoring the activity of soil urease in selected soil types, the highest average value in topsoil was
found in Fluvisols and Mollic Fluvisols (0.39 mg NH4+-N.g-1.24h-1) and the lowest in Cambisols (0.24
mg NH4+-N.g-1.24h-1). In subsoil, the highest average value was found in Mollic Fluvisols (0.21 mg
NH4+-N.g-1.24h-1) and lowest in Stagnosols (0.08 mg NH4+-N.g-1.24h-1; Tab. 1). Fig. 4 shows that the
activity of soil urease decreases with depth. The difference in enzyme activity is primarily caused by
the fact that each soil type, in dependence on its formation and development, has a different amount of
organic mass and different diversity and activity of living organisms, which results in different
intensity of biological processes.
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0,15-0,20 m

0,40-0,45 m

Fig. 4. Average activity values of soil urease in the observed soil types, in dependence on the soil
depth, in the Nitra River basin.
The greatest range of the soil urease activity at a depth of 0.15-0.20 m were found in Haplic Fluvisols
(from 0.09 to 0.52 mg NH4+-N.g-1.24h-1) and Stagnosols (from 0.12 to 0.55 mg NH4+-N.g-1.24h-1). At
the same time, the highest value of soil urease activity was found in Stagnosols (0.55 mg NH4+-N.g1
.24h-1). The lowest value was found in Cambisols (0.05 mg NH4+-N.g-1.24h-1; Fig. 5).
0.6

0.5

[mg NH4+-N.g -1.24h-1 ]

0.4

0.3

0.2

0.1

0.0

CA

CM

FM

HM
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PG

RM

Medián
25%-75%
Min-Max

Fig. 5. Soil urease activity in the selected soil types in the Nitra River basin at a depth of 0.15-0.20 m
expressed by descriptive statistics (Statistica program) - Mollic Fluvisols (CA), Fluvisols (FM),
Chernozems (CM), Haplic Fluvisols (FM), Stagnosols (PG), Cambisols (KM), Regosols (RM).
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In the subsoil, the greatest range of values was found in the soil urease activity in Chernozems (od
0.05 do 0.43 mg NH4+-N.g-1.24h-1). A minimum value of soil urease activity was found in Fluvisols
(0.03 mg NH4+-N.g-1.24h-1) and a maximum value in Mollic Fluvisols (0.45 mg NH4+-N.g-1.24h-1; Fig.
6).

0.50
0.45
0.40

[mg NH4+-N.g -1.24h-1 ]

0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

CA

CM

FM

HM

KM

PG

RM

Medián
25%-75%
Min-Max

Fig. 6 The activity of soil urease in the selected soil types in the Nitra River basin at a depth of 0.400.45 m expressed by descriptive statistics (Statistica program) - Mollic Fluvisols (CA), Fluvisols (FM),
Chernozems (CM), Haplic Fluvisols (FM), Stagnosols (PG), Cambisols (KM), Regosols (RM).
By applying statistical methods, correlations were found between soil urease activity and
monitored soil parameters. In Fluvisols, a negative correlation (P<0.05) was found between soil urease
activity and bulk density (Fig. 7); in Chernozems, a positive correlation (P<0.01) was found between
soil urease activity and organic carbon (Fig.8) and between soil urease activity and pH/CaCl2 (P<0.05)
(Fig. 9). In Haplic Fluvisols, a positive correlation (P<0.01) was found between soil urease activity
and pH/CaCl2 (Fig. 10). The activity of soil urease in Cambisols correlated positively (P<0.05) with
organic carbon (Fig. 11). In Regosols, a positive correlation (P<0.05) was found between soil urease
activity and pH/CaCl2 (Fig. 12). In Mollic Fluvisols, no statistically significant correlation between
soil urease activity and the monitored parameters was found.
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Fig. 7. Correlation between soil urease activity and soil bulk density in Fluvisols at a depth
of 0.15 to 0.20 m in the Nitra River basin.
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Fig. 8. Correlation between soil urease activity and soil Cox in Chernozems at a depth
of 0.15 to 0.20 m in the Nitra River basin.
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Fig. 9. Correlation between soil urease activity and soil reaction in Chernozems at a depth
of 0.15 to 0.20 m in the Nitra River basin.
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Fig. 10. Correlation between soil urease activity and soil reaction in Haplic Luvisols at a depth
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Fig. 12. Correlation between soil urease activity and soil reaction in Regosols at a depth
of 0.15 to 0.20 m in the Nitra River basin.
At a depth of 0.40-0.45 m, a statistically significant correlation was found between soil urease activity
and organic carbon in Fluvisols (P<0,05; Fig. 13). In Chernozems, a positive correlation (P<0,01) was
found between soil urease activity and organic carbon (Fig. 14). In Haplic Fluvisols, a negative
correlation (P<0,05) was found between soil urease activity and bulk density (Fig. 15).
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Fig. 13. Correlation between soil urease activity and Cox in Fluvisols at a depth
of 0.40 to 0.45 m in the Nitra River basin.
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202

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
2.0
1.8

-3

bulk density [t.m ]

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
0

0.05

0.1

0.15

0.2
+

-1

0.25

0.3

0.35

-1

urease [mg NH4 -N.g .24h ]

y = -0.8042x + 1.6686
2

R = 0.1697

Fig. 15. Correlation between soil urease activity and bulk density in Haplic Luvisols at a depth
of 0.40 to 0.45 m in the Nitra River basin.
A positive correlation between the volume of organic matter (Cox) and the activity of soil urease is
stated by Chander et al., 1997, Dilly et al. 2001, Jimenéz et al., 2002, Nourbakhsh et al., 2004, and
Roscoe et al., 2000. An influence of pH in the range between 4.5 and 7.0 on the activity of soil urease
was confirmed by Tabatabai et al. (2000). Kromka et al., (2002) found its increased sensitivity to an
excess content of heavy metals (Hg, Cu, As, Cd), whose presence causes decreased urease activity by
25%. A detailed study of soil urease activity including soil characteristics, using the buffer-free
method can be found in Zantua et al. (1977), who, in Iowa soils, determined soil urease activity in the
range between 0.0 and 2.71 mg NH4+-N.g-1.24h-1 and the average value of soil urease activity 0.94 mg
NH4+-N.g-1.24h-1 at soil pH 6.4 and Cox 2.6%. Fazekašová et al. (2012) found in long-term research
(1997-2009) carried out in Cambisols with an ecological farming system an average value of soil
urease activity 0.56 mg NH4+-N.g-1.24h-1 at soil pH 6.4 and Cox 3.2%. Dalal (1975) found the value of
soil urease activity 30.84 mg NH4+-N.g-1.24h-1 at soil pH 5.1 and Cox 4.17% in the soils of Trinidad. At
the same time, he found out that the activity of soil urease in the soils of Trinidad significantly
correlates with organic carbon, the exchange capacity of cations and heavy metal oxides Fe and Al.
Nevertheless, it correlates negatively with the total content of nitrogen, pH a CaCO3. Zantua (1977)
confirmed a significant correlation between the activity of soil urease in Iowa soils and organic
carbon, total content of nitrogen, the exchange capacity of cations, clay and sand; however, an
insignificant correlation was found with pH and CaCO3.
4. CONCLUSIONS
The activity of soil enzymes can be used as a primary indicator of changes in the quality and health of
soil. It can be used as a microbial indicator of soil quality, as the activity of soil enzymes is in close
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relationship to important soil characteristics. Enzymatic activity can show changes sooner than other
soil characteristics and can be an integrating soil-biological index reflecting land use. Urease is unique
among soil enzymes, since it significantly contributes to the dissolution and transformation of an
important fertiliser (urea). It is a highly stable soil enzyme, which is used to evaluate soil fertility.
Based on the research results obtained in the Nitra River basin (Slovakia), carried out between 2010
and 2012, it could be stated that the most wide-spread soil type in the observed area is Haplic
Fluvisols and Chernozems; Regosols, Fluvisols, Mollic Fluvisols, Stagnosols, Cambisols and Luvisols
are represented to a lesser extent. The values of organic carbon, in conversion to humus, constitute
moderate to good supply in topsoil in all observed soil types, while mostly poor humus supply was
found in subsoil. The soil reaction was predominantly neutral; the values of bulk density were, in
comparison to critical values for the soil type and class in question mostly higher. The value of soil
urease activity was highest in Fluvisols and Mollic Fluvisols and lowest in Cambisols and Stagnosols.
This fact is primarily caused by different amounts of organic mass and a varying number and activity
of living organisms. Using statistical methods, a correlation between soil urease activity and organic
carbon was found in Chernozems and Cambisols, between soil urease activity and soil reaction in
Chernozems, Haplic Fluvisols and Regosols as well as between soil urease activity and bulk density in
Fluvisols.
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Abstract
Bipolar distribution of marine organisms was connected with a history of fauna and changes in
hydrological regime. Bryozoa in Arctic and Antarctic are mainly eurybathial and play often a
dominant role in polar shelf biocenoses. Both eurybathial and deep water bryozoan cheilostomate
species inhabit deep waters of these regions. The deep water of Antarctic and Arctic bryozoan species
often relate to widespread genera and families in the World Ocean. Calcareous skeletons of common
Arctic and Antarctic species consist of calcite, which can have originated in coldwater conditions of
life. Number of Cheilostomata species higher in Antarctic waters, although Arctic fauna is more
diversified in systematic relationship. The shelf fauna possibly have penetrated in young oceanic
depressions such as Antarctic pseudoabissal and Arctic deep depths and probably have had deepwater
ancestors; therefore species in pseudoabissal could retrace characters of earlier ancestors. Hence the
bryozoan fauna could have an origin in deep and cold water conditions in the World Ocean.
Possible ways of evolution bipolar bryozoan families and genera can be explained by a model of
recent global oceanic circulation.
Key words: Antarctic, Arctic, Bryozoa, Cheilostomata, distribution, fauna, evolution
1.INTRODUCTION
Bipolar distribution of species is a questions, which is always considered in connection with the
history of fauna and its environments. L.S.Berg (1953) maintainted justly that the term bipolar
distribution should not be used for Arctic and Antarctic species, but for groups of species, but to the
groups of species of temperate latitudes: boreal and notal subregions as it stated from recent
biogeographical notion of latitude and climatic zonality. In connection with this circumstances it
should be mentioned as Berg wrote that bipolar distribution is characterized by taxa of higher level
than species, i.e., genera and families, although bipolar species occur. Bryozoa are always attached to
substrata hav short–living and often nonfeeding planktonic larvae. They are widely distributed in the
World Ocean and have a long (first representatives are known from the Ordovician) and well studied
paleontological record. Short life of a planktonic larva of Bryozoa can testify about a small area of a
habitation for each species (Gontar et al., 2004), although it can spread by streams of larva at long
distances (Gontar and Naumov, 1994, Gontar and Naumov, 2004). The distribution of Bryozoa in each
region of World Ocean, for instance, in shelf seas, as a best studied from the point of view of
composition and distribution of fauna, is always connected with available substrata and distribution of
water masses of different origin (Gontar et al, 2001, 2002, Gontar, 2003(a), 2003(b), Gontar et al.,
2004). Species, which inhabit boreal and Polar Regions, are eurythermal and eurybathyal forms often.
Bryozoa of the Arctic and Antarctic waters live at relatively low temperatures of water.
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2.MATERIAL
An information about the deep water fauna of the World Ocean is still incomplete. It can be asserted
that deep water species together with the eurybathial species live typically in deep depths; nevertheless
the deep water species belong to the widespread genera and the families in the World Ocean. We used
a collection of the German Antarctic Expedition in the Weddell Sea and a deep–sea collection from
the region of Clarion Clipperton for a comparison.
3.RESULTS
The forming of deep near–bottom waters of the World Ocean as the result of a sinking of shelf waters
down along the continental slope of the Antarctica contributes to the freshening, cooling and
enrichment of the water by oxygen. In our view it can give a possibility to explain some features of
evolution of the Bryozoa fauna in the World Ocean and in the Polar regions as well. Moss animals are
sestonophages and have enough of food resources in the World Ocean. It is interesting to note that the
calcareous skeletons of the widespread species of Bryozoa of the Arctic and Antarctic waters consist
of a calcite mainly, which can form only in coldwater conditions (Borisenko, Gontar, 1991). Only
species from the Antarctic waters Chondriovelum adeliense (Livingstone) from Family
Onychocellidae Jullien, 1882, Superfamily Microporoidea Gray, 1848 has an aragonite skeleton and
this testifies to its warm water origin. Calcite skeletons of relative cold water Bryozoa testify about an
origin of fauna in relatively cold waters. The fact that indirectly supports this point of view is that a
reproductive season of the Antarctic cheilostome bryozoa occurs during the Antarctic winter.
A.P.Andrijashev has developed the concept of the disjunctive areas of sea biota and proposed a new
type of an interrupted distribution – amphipacific (Andrijashev, 1939(a)). As he stated, a formation of
a larger part of the amphiboreal disjunctions has occurred during the Pliocene and the Miocene periods
(Andriyashev, 1939(b)). Probably, this is true for the bipolar distribution as well. It should mention
also that young deep cavities, i.e. pseudoabyssal (Andrijashev, 1953) and pseudobathyal zones
(Andrijashev, 1975), for instance, in the Arctic Ocean or in the Antarctic shelf accordingly, have an
altered fauna of continental shelf in a greater or lesser extent. These are eurybathyal shelf species, re–
deepwater species and some other fauna elements. According to Andrijashev thalassobathial is
characterized many different kinds of oceanic banks, underwater mountains (including guyots), chains,
and especially the all–world system under water middle–ocean ridges had to serve as an important
way to a distribution of bathial fauna in the World Ocean. As a result of comparison of the systematic
composition of Bryozoan cheilostomate fauna in the Arctic Ocean and the Antarctic seas it has
appeared that though in the Antarctic seas the number of bryozoans species is larger, than in the Arctic
ocean, the Arctic fauna is more various in systematic composition, as belongs to greater number of
genera and families (Gontar, 2006).
Superfamily Buguloidea Gray, 1848 is relatively young in the evolution and consisting of seven
families. The superfamily has the greatest number of species in two families, Bugulidae Gray and
Candidae d'Orbigny. Species from these families have vertical colonies; they inhabit both Arctic and
Antarctic waters. Vertical colonies have originated in Bryozoa evolution later than incrusting (Gontar,
1994, 1998); therefore it is very probable their bipolar distribution reflects last picture of such
distribution, i.e., it is possible to reject the with the certain share of confidence the assumption about
reinvasion of ancient species in the regions, which could cause incorrect conclusions (as it has taken
place, for instance, in some representatives of fishes (Andrijashev, 1953, 1987).
The thesis (Taylor's principle-cites following of Andrijashev, 1988) that the ancestral forms are
preserved on the periphery of an area, because they are superseded by more progressive phylogenetic
groups, in this case is hardly fair. It is interesting to note that four bipolar genera from these families in
the Arctic waters are distributed up to 800 m and in the Antarctic waters up to 650 m maximum.
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However, more typical they can be found up to 400 m in both regions. Strictly speaking, they can be
referring to relatively deep forms in these regions.
Genus Dendrobeania from family Bugulidae is widely distributed in marine water of the Northern
Hemisphere. The species registered for the Arctic Basin had three ways of migration: from the Pacific
Ocean in the East in the Atlantic and the Barents Sea; from the Pacific Ocean in the West in Russian
Arctic seas, and from the Atlantic Ocean directly. Genus Bugula had obviously common ancestors
with above mentioned genus Dendrobeania, and therefore both parallel evolutionary tendencies, i.e.,
from the multiserial colonies to biserial- and uniserial colonies (Gontar, 2006). Bipolar genus Bugula
is widely distriuted in shallow temperate and tropical water of an ocean, although only three species
were met in the Antarctic seas and five ones in the Arctic seas, that can be explained probably of their
relatively penetration into these regions. The genus Camptoplites Harmer, 1923, which species have
been determined by H.A. Kluge as Bugula Oken, 1815, can be found in the marine waters of the
Southern Hemisphere. Species of the genus are known from the abyssal waters of the Indian and
Atlantic and Pacific Oceans and they live on the shelf of Antarctic, where the species are the most
numerous, that confirms a conclusion of Darwin (1939). Apparently, if we compare these species with
the species of the above mentioned genera, they have non–stable reticulate form of colony. This can
testify in turn to relatively late settlement by them of the Antarctic shelf. They also have parallel
tendencies from multiserial to bi– and uniserial shape of colony (Gontar, 2006)
It can be supposed that evolution in the family Bugulidae derives through the way of parallel evolution
and, as should be stressed, through a contact or, perhaps, a migration of Arctic and Antarctic faunal
elements as well. Whereas fauna of a shelf has a capability to settle at young oceanic depth, so
respectively this shelf fauna could have an origin from the deep water elements (for instance,
Camptoplites). It is very probable that this shelf fauna has had deep water ancestors and therefore this
fauna returned back to the characters of earlier ancestor. All the above described has a good
connection with ideas of Vavilov (1935) about homologous lines, because characters which we used
for the identification, according to Darwin (1939), are a reaction of organism to environmental
conditions.
Analogical tendencies can be traced for the family Candidae D’Orbigny, 1851. Bipolar genus
Notoplites Harmer, 1923, which H.A. Kluge has considered as Scrupocellaria Van Beneden, 1845 in
the Antarctic collections, is characterized as deepwater around the World Ocean and it distributed in
bathyal and abyssal waters. By contrast, it distributes on a shelf in the Antarctic and Arctic waters and
has very large number of species in the Antarctic water, probably, owing to pseudobathyal depths.
Genus Scrupocellaria Van Beneden, 1845 is resident in marine waters of the North Hemisphere,
whereas the genus Amastigia Busk, 1852, a part of which Kluge has referred to Scrupocellaria Van
Beneden, 1845, is common in marine water of the Southern Hemisphere. Amastigia Busk, 1852 has a
species maximum on the Antarctic shelf; although behind the subtropical convergence some species
are known from abyssal depths only.
It is interesting to discuss a finding near Senegal, near Green Cape Islands, West Africa, 44–64 m
(Cook,1964, 1967) of species: these are Hippoporina pertusa (Esper), which can be regarded as
species with a tendency to bipolar distribution, because it was previously found in the Pacific Ocean
from Cape Code to California and Galapagos Islands, and in the Atlantic Ocean from the Shetland
Islands to the Mediterranean from 10 m up to 180 m; and typical Antarctic genus Cellaria (Ellis et
Solander), 60–80 m from the same place. The latter is widespread in the Antarctic waters, and it was
found in the Northern Hemisphere near Spain. Cellaria sp is known as fossil, for instance, near
Norwegian coast.
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4.CONCLUSION
High frequency climatic fluctuations of different nature heterodyne with long-term climate changes.
Modern science has data about the faunal composition for the last 170–180 years maximum. There
were essential changes in species composition of the fauna of different regions of the World Ocean,
which have been traced by numerous expeditions. This testifies that any short-term changes and
fluctuations in the hydrosphere of the Earth reflected at once on the composition and a distribution of
living organisms. It is probable, that deep Antarctic currents which had penetrated to more Northern
depths earlier, could influence of Arctic species diversity to a larger extent.

Fig.1. Camptoplites bicornis A – bottom of Clarion Clipperton,
colony on it, – the colony in Petri dish, – the colony

– manganese concretion with the

Possible ways of the evolution in families and bipolar genera can be explained also by the model of
global oceanic circulation. Camptoplites bicornis (Busk) is widespread in Antarctic shelf waters. The
species was discovered recently in the region of the eastern part of the Northern Pacific, known as
Clarion Clipperton, at the depth of 4,500 m, 13°N 134°W (see figures 1, 2 and map). Probably,
Antarctic Bryozoans’ fauna have had a larger influence on the Arctic fauna.
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Fig.2. Camptoplites bicornis A – avicularia,
currents.

– autozooids,

– autozooid,
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Abstract
The orchard meadows represent the last remnants of semi-natural meadow vegetation which have
been managed in a traditional way for a long time. The orchards represent an outstanding genetic
resource of original varieties of fruit trees. They create refugiums for some of protected and
endangered plant and animal species, the original habitats of which have been changed into
intensively utilised meadows. This article is focused on phytosociological characteristic and
description of the basic ecological functions of the orchard meadow vegetation at selected localities in
Myjavská pahorkatina hilly land, Biele Karpaty mountains and Malé Karpaty mountains.
Phytosociological material was collected from five localities during the vegetation period of 2011
using standard field methods of Zürich-Montpellier geobotanical school. The results of the vegetation
synthesis indicate that the orchard meadows of Arrhenatherion elatioris Koch 1926 alliance are the
most widespread meadow vegetation in the study area.
Key words: Pastinaco sativae-Arrhenatheretum elatioris, Ranunculo bulbosi-Arrhenatheretum
elatioris, vegetation, ecological function
1. INTRODUCTION
Orchard meadows are a specific biotope of Central European cultural landscape. The term “orchard
meadow“ has been in use since the mid-20th century, although this form of management of permanent
grasslands in Central Europe has been known for centuries (cf. Schneyder 1846; Gussmann 1896). The
“meadow orchard” has its origin mainly in the spatial arrangement of traditionally high-trunk fruit
trees, which appear to be more or less freely distributed in the country, whether in the form of solitary
trees, alleys, avenues or park-style fruit tree stands. To distinguish these traditional forms from
modern forms (intensively managed low-trunk fruit plantations), a comprehensive denomination
“scattered orchards” was established. Orchard meadow consists of two ecosystems: fruit tree and
meadow vegetation, among which there is a wide range of positive and negative interactions, which in
consequence means that orchard meadows can be seen as an integrated functional system with
characteristics different from traditional grassland ecosystems. Definition of an orchard meadow is
found in work of Niemeyer-Lyllwitz (1993), Hein (2003), Lott (1993), Stein (2003) and others. The
authors understand the term as a synonym for all high-trunk fruit orchards that have their understorey
used for different purposes. Important historical and economic basis of orchard meadows is made by
dual use, where production of fruits has only the secondary or additional use, while use of grasslands
(such as hay meadows or pastures) is the main way of the agricultural utilization.
Orchard meadows were not originally "meadows", but were arable land, on which different
agricultural crops were planted. Horticulture expansion beyond the urbanized areas initially
encountered strong opposition from farmers who feared that fruit trees could cause harm to
agricultural crops (Landwirtschaftliche Zeitung für Kurhessen, 1824). Agricultural crops under fruit
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trees were later replaced by permanent grasslands, because the cultivation of crops with the presence
of trees (and partly because of their location on the slopes) became more complicated. In other cases
orchard meadows arose from planting fruit trees on the flowery meadows.
During the existence of the Czechoslovak Republic, horticulture represented one of the most important
economic sectors in many regions of Slovakia, including regions of Biele Karpaty mountains and
Myjavská pahorkatina hilly country. The advent of the socialist establishment in 1948 was related to
the process of collectivization of agriculture and reclamation period, which consisted mainly of
plowing field boundaries, land consolidation and of the disposal of small-scale orchards. The process
has continued more intensively since 1969 resulting in a further reduction of small-scale orchards,
which were destroyed even in places where farmers were unwilling or unable to utilize agricultural
land (Mertan, 1997). Reclamation continued until 1990. A significant loss of orchard meadows can be
seen since the mid 50´s of the 20th century in Western European countries (EEC countries).
In Slovakia, the old orchards with high-trunk fruit trees occur for example in Javorniky mountains,
Strážovské vrchy mountains, near scattered settlements around Detva, Nová Ba a, near Banská
Štiavnica and around „kopanitse“ settlements of the Myjavská pahorkatina hilly land and the Biele
Karpaty mountains too.
Old orchards are, according to Ruži ková and Kalivodová (1997), the last areas of semi-natural
grasslands of Myjava-Biele Karpaty „kopanitse“ area. These grasslands are a typical feature of the
landscape and can be described as a sort of islands of biodiversity in intensively farmed agricultural
land. Their origin and survival are conditioned by human beings who determined the composition of
fruit trees and carried out an annual management of trees and the understorey. Due to the presence of
trees, this biotope differs from hay meadows and pastures of an open landscape and combines
conditions typical for grasslands and forest environment. The tree layer consists of fruit trees, which
affect the understorey by their litter and moving shadow. Their presence increases ecological diversity
of biotopes, what is proved by the variety of herb layer. Meadow, forest-edge and forest species are
common in the herb layer. The qualitative and quantitative occurrence of these species varies
according to the gradient of the main ecological factors, and the habitat management. Grassland’s
understorey of the orchard meadows was usually mowed twice a year, and after gathering of fruits it
was often grazed. This way of farming was justified because the harvest of high-trunk fruit trees was
often collected only by their shaking. It is assumed that there are often archaic types of grasslands,
which were well managed for many years (Ruži ková, 1997). According to Ruži ková et al. (2011),
the orchard meadows are even more important for fauna than for the vegetation. They represent the
last refuge for birds, butterflies, various species of insects and small mammals, because in here, they
find suitable conditions for survival.
2. NATURAL CONDITIONS
The study area is situated in the western part of Slovakia and it is a part of the three geomorphologic
units: Myjavská pahorkatina hilly land, Malé Karpaty mountains and Biele Karpaty mountains (fig. 1).
The bedrock of Biele Karpaty is built up by the Javorina flysch strata (sandstones, mikroconglomerates, gray and green claystones) in the north, and by Svodnik strata (claystones, calcareous
claystones silt, sandstone and greywacke sandstones) in the southern part of the study territory. The
bottoms of narrow river valleys were created by fluvial sediments (non-specific alluvial loams, alluvial
clay, sand and gravels, or clay) (Potfaj, 2005). The Myjavská pahorkatina hilly land is characterized
by the presence of calcareous sandstones, limestone and shales, spreading even to the north of the
study area. Flysch with the prevalence of marl, which occurs near the village Krajné, passes to the
flysch alternating calcareous sandstone, claystone and marl in the north (Began et al. 1984). The most
common soils in the area are Haplic and Stagnic Cambisols, and Stagnic Luvisols in a lesser extent,
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Figure 1 Geographical location of study area
located especially to the north and northeast from the village Krajné (Dlapa et al. 2005). Alluvial
sediments are covered by Haplic and Glayic Fluvisols. In addition, Rendzic Leptosols seldom occur in
the study area (Dlapa and uriš 2006). From the climatic point of view, the northern part of the
territory belongs to a moderately warm area with average July temperatures ranging between 12 and
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16 °C, the southern part of the area belongs to a slightly warm and slightly moist hilly-land district,
with mild winters and average July temperatures 16 °C (Lapin et al. 2002). The area is rich in
rainfall, with the total annual rainfall between 600 – 1000 mm (Faško and Š astný 2002). The altitudes
range from 189 m on the south to 970 m in contact with the Bíle Karpaty mountains in Czech
Republic.
3. METHODS
The research was focused on the vegetation of old orchards around „kopanitse“ settlements U
Mozolákov (localities 1, 2) in northern part of Malé Karpaty mountains, Konkušova dolina (locality 3)
in Myjavská pahorkatina hilly land, Horná Súš and U Otiepkov (localities 4, 5) in southern part of
Biele Karpaty mountains (fig. 1). The phytosociological material was collected in vegetation period
2011 from two plots per orchard, both 5 x 5 m. We used standard field methods of the ZürichMontpellier geobotanical school (Braun-Blanquet, 1964). The phytosociological relevés were stored in
Turboveg program (Hennekens and Schaminée 2001) and then analysed with Juice 7.0 program
(Tichý, 2002). The syntaxonomical classification and diagnostic species were based on the expert
system for identification of syntaxa of grassland vegetation in Slovakia (Janišová et al. 2007) and
syntaxonomical works published from the studied area (Ruži ková 1997; Škodová et al. 2011). We
used the following aggregate species in this paper: Achillea millefolium agg., Alchemilla vulgaris agg.,
Festuca pratensis agg., Festuca rubra agg., Galium mollugo agg., Glechoma hederacea agg., Myosotis
sylvatica agg., Pimpinella saxifraga agg., Ranunculus auricomus agg., Rosa canina agg. The names of
vascular plants follow Marhold and Hindák (1998). The nomenclature of grasslands follows Janišová
et al. (2007) and Jarolímek and Šibík (2008). Soils were classified according to the Morphogenetic soil
classification system of Slovakia (Collective, 2000).
4. RESULTS
The phytosociological material was collected from five localities around “kopanitse” settlements U
Mozolákov (localities 1, 2), Konkušova dolina (locality 3), Horná Súš (locality 4) and U Otiepkov
(locality 5). We distinguished two vegetation units, which floristic content and structure is captured in
table 1.
4. 1 Pastinaco sativae-Arrhenatheretum elatioris Passarge 1964
Mesophilous oat-grass meadows are the most common type of vegetation of the small-scale orchards
in the study area. They were described at localities 1, 2, 3, 5 (Fig. 1) around “kopanitse” settlements U
Mozolákov, Konkušova dolina and U Otiepkov. They are semi-natural grasslands, the original
extension of which has been gradually reduced in the process of agricultural intensification by plowing
or which were converted into intensive grassland vegetation with altered composition of species. This
habitat has been described in northern, northwestern and northeastern slopes with an inclination of 5°
– 20°, at an altitude of 327 – 485 m. Their soil’s representatives are deep and loamy Luvic Cambisols
(U Mozolákov, Konkušova dolina) and Haplic Cambisols (U Otiepkov) which mostly developed from
marl and flysch. The physiognomy of the grassland understorey is determined by tall grasses –
Arrhenatherum elatius, Dactylis glomerata, Festuca pratensis agg., Poa trivialis, which reach the
height exceeding 140 cm before the first mowing. From the shorter grassy species we can find
Trisetum flavescens and Anthoxanthum odoratum. Plenty of light and humidity at the ground
vegetation layers are used by many herbs, like Leontodon hispidus, Veronica chamaedrys, Prunella
vulgaris, Ajuga reptans, Trifolium pratense and Trifolium repens. Also some other species of the
Molinio-Arrhenatheretea class are common, like Galium mollugo agg., Campanula patula,
Ranunculus acris, Leucanthemum vulgare, Plantago lanceolata, Achillea millefolium agg. and others.
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The canopy and stratification of understorey provide increased moisture for the ground layers, even
during warmer days, which is convenient for subhygrophilous species, like Lysimachia nummularia
and Glechoma hederacea agg., altogether with mosses (dominance up to 5 %). The cover of herb layer
at all localities is 100 %. During the fieldwork, we observed 46 species per relevé on average,
confirming the assertion of Janišová et al. (2007) about higher richness of species of old orchards in
comparison to meadows of the open country (36 species on average). In old orchards of the Pastinaco
sativae-Arrhenatheretum elatioris Passarge 1964 association, the following varieties of fruit trees were
determined (Hri ovský in verb., 2011):
Apple: Malinové hornokrajské, Boskoopske obrovské, Kanadská reneta, Coulonova reneta, Banánová
reneta, Krasokvet žltý, Baumannova reneta, Batul, Champión, Banánové zimné
Pear: Pastornica, Merodova maslovka, Špinka, Parížanka, Boskoopova f aška, Hardyho maslovka
Plum: Bystrická slivka
The orchard meadows of the study area are mowed twice a year. The first mowing is carried out at the
turn of May and June, the second in late August and early September. Mowing was combined with
grazing of livestock, especially in the past. This is indicated by species tolerating intensive grazing and
trampling, like Trifolium repens, Bellis perenis and Cynosurus cristatus (table 1).
4. 2 Ranunculo bulbosi-Arrhenatheretum elatioris Ellmauer in Mucina et al. 1993
The association was observed in a mixed orchard with a predominance of plums (variety Bystrická
slivka) near “kopanitse” settlement of Horná Súš, at the foot of the Biele Karpaty mountains. Haplic
Cambisols are the prevailing soils in this region. They have developed from mineral-rich weathered
flysch. The orchard is located on NE slope, with steepness of 25° and at an altitude of 485 m. Due to
high slope, the terrain has been terraced in the past. The terracing caused a diversification of
ecological conditions and the presence of subxerophilous and mesophilous species at the locality. The
following grasses prevail in the floristic composition: Arrhenatherum elatius, Dactylis glomerata,
Trisetum flavescens, Poa pratensis and Briza media. The species of the Arrhentherion alliance are
abundantly present as much as in the Pastinaco sativae-Arrhenatheretum elatioris association and
common species for the whole Molinio-Arrhenatheretea class as well, e. g. Veronica chamaedrys,
Galium mollugo agg., Trifolium pratense, Leontodon hispidus, Plantago lanceolata, Ranunculus acris,
Achillea millefolium agg., Lotus corniculatus, Campanula patula and others. The density of trees per
area is lower compared to other studied orchards, which is reflected in the reduction of shading
understorey. In recent years, a generational change of some individual fruit trees contributed to this
fact. High insolation together with relatively rapid run-off contribute to faster desiccation of soils and
creates conditions suitable for the subxerophilous species Daucus carota, Salvia pratensis, Tithymalus
cyparissias, Anthyllis vulneraria, Pimpinella saxifraga agg. A relevé consists of 52 species on
average. These meadows are mowed twice a year, with the same mowing dates as with the previous
association.
Given the syntaxonomical classification, the association Ranunculo bulbosi-Arrhenatheretum elatioris
is represented by two relevés only. Besides diagnostic species, the floristic composition of the
association Ranunculo bulbosi-Arrhenatheretum elatioris includes higher number of subxerophilous
species of the Festuco-Brometea and Nardetea strictae classes. Nevertheless, this vegetation type is
similar to the vegetation of Pastinaco sativae-Arrhenatheretum elatioris association. A deeper
vegetation analysis would be needed to describe the association in more details in the study area.
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Table 1 Phytosociological table of Pastinaco sativae-Arrhenatheretum elatioris and Ranunculo
bulbosi-Arrhenatheretum elatioris
Altitude (m)

325 324 337 335 346 348 485 470

488 483

Aspect (degrees)

338 338 360 360 45

45

68

68

68

68

Slope (degrees)

5

3

5

5

20

20

2

3

30

20

Cover tree layer (%)

45

30

40

25

25

50

40

60

20

15

Cover herb layer (%)

100 100 100 100 100 100 100 100

2

2

3

4

5

6

7

8

Relevé area (m )

25

25

25

25

25

25

25

25

Number of vascular plants

36

44

57

45

47

41

46

51

9

10

Frequency

1

Constancy

Relevé number

100 100
25

25

46

58

Diagnostic species of Pastinaco sativae-Arrhenatheretum elatioris
Lysimachia nummularia

2

2

+

+

3

3

1

1

V

.

2

1

Glechoma hederacea agg.

1

2

1

+

1

1

1

+

V

.

+

1

Poa trivialis

3

3

.

2

1

3

+

1

V

.

1

1

Crepis biennis

+

+

r

r

+

1

+

.

V

.

+

1

Pastinaca sativa

.

+

+

+

1

.

.

+

IV

.

.

IV

1

1

2

r

+

2

Diagnostic species of Ranunculo bulbosi-Arrhenatheretum elatioris
Daucus carota

.

r

+

.

r

.

+

+

Salvia pratensis

.

.

.

.

.

.

.

.

Dactylis glomerata

3

3

+

1

2

2

2

2

V

1

2

2

Trisetum flavescens

2

3

2

3

2

2

r

1

V

1

2

2

Veronica chamaedrys

1

2

1

2

+

2

1

1

V

2

1

2

Galium mollugo agg.

+

1

1

+

1

2

+

1

V

1

+

2

Arrhenatherum elatius

3

2

1

1

.

3

3

3

V

3

4

2

Trifolium pratense

.

1

2

2

2

2

1

+

V

2

2

2

Campanula patula

.

1

.

+

+

+

r

+

IV

1

1

2

Leucanthemum vulgare

.

+

2

2

+

+

.

r

IV

+

+

2

Trifolium repens

1

+

3

3

2

+

.

1

V

.

+

1

Bellis perennis

.

+

r

r

1

+

.

r

IV

.

.

Cynosurus cristatus

2

+

.

.

1

.

1

+

IV

.

.

Leontodon hispidus

3

2

2

3

4

3

3

2

V

2

2

2

Plantago lanceolata

1

1

+

2

2

+

+

1

V

2

1

2

Ranunculus acris

1

+

+

+

1

2

1

2

V

1

1

2

Achillea millefolium agg.

+

+

+

+

1

1

+

+

V

1

1

2

Festuca pratensis agg.

2

1

3

3

2

1

1

1

V

.

+

1

Arrhenatherion

Cynosurion cristati

Molinio-Arrhenatheretea
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Lotus corniculatus

+

+

1

+

1

.

+

+

V

1

1

2

Acetosa pratensis

.

1

1

+

2

1

1

+

V

1

1

2

Prunella vulgaris

2

+

+

.

2

1

1

1

V

.

r

1

Ajuga reptans

.

1

+

.

2

2

1

r

IV

1

1

2

Alopecurus pratensis

1

+
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Trees and shrubs

Species occurring in one relevé
Agrimonia eupatoria 2: r; Aquilegia vulgaris 3: 1; Arctium lappa 2: r; Armoratia rusticana 7: +;
Artemisia vulgaris 10: +; Bromus hordeaceus 3: 1; Campanula rapunculoides 10: r; Carex
caryophyllea 9: +; Carex species 8: r; Cerasus avium 4: +; Chaerophyllum aromaticum 6: r; Cruciata
glabra 10: +; Fragaria viridis 5: +; Juglans regia 4: r; Knautia arvensis 9: r; Lathyrus pratensis 10: +;
Ligustrum vulgare 2: r; Myosotis arvensis 3: 1; Pilosella officinarum 9: 2; Plantago major 4: r;
Plantago media 5: +; Potentilla species 10: +; Stellaria media 3: r; Tragopogon orientalis 6: r;
Trifolium alpestre 10: +; Urtica dioica 7: r; Verbena officinalis 5: 2; Vicia cracca 8: r; Vicia sativa 1:
+; Vicia species 9: r; Vicia tetrasperma 3: r; Viola canina 9: 2; Viola hirta 10: 1; Viola odorata 3: 1.
Origin of the relevés
The entries are organised as follows: number of relevé, locality, longitude, latitude, description of the
orchard, date (year month day)
1. Malé Karpaty mountains, U Mozolákov, 48°41'29,0" E, 017°42'01,6" N, old mixed orchard, 2011
06 01
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2. Malé Karpaty mountains, U Mozolákov, 48°41'28,0" E, 017°42'00,1" N, old mixed orchard, 2011
06 01
3. Malé Karpaty mountains, U Mozolákov, 48°41'32,5" E, 017°42'15,6" N, old mixed orchard with
Sorbus domestica, 2011 06 01
4. Malé Karpaty mountains, U Mozolákov, 48°41'31,3" E, 017°42'14,3" N, old mixed orchard with
Sorbus domestica, 2011 06 01
5. Myjavská pahorkatina mountains, Konkušova dolina, 48°41'59,3" E, 017°38'39,5" N, old mixed
orchard, 2011 06 02
6. Myjavská pahorkatina hilly land, Konkušova dolina, 48°41'58,6" E, 017°38'38,7" N, old mixed
orchard, 2011 06 02
7. Biele Karpaty mountains, U Otiepkov, 48°49'20,1" E, 017°40'54,0" N, old mixed orchard, 2011 06
03
8. Biele Karpaty mountains, U Otiepkov, 48°49'20,94" E, 017°40'54,37" N, old mixed orchard, 2011
06 03
9. Biele Karpaty mountains, Horná Súš, 48°49'28,2" E, 017°40'06,1" N, old plummy orchard, 2011
06 02
10. Biele Karpaty mountains, Horná Súš, 48°49'26,3" E, 017°40'06,0" N, old plummy orchard, 2011
06 02
5. DISCUSSION
The first works describing the flora and vegetation of Biele Karpaty mountains go back to the 19th
century (Rochel 1821; Holuby 1888). Botanists have focused mainly on non-forest vegetation in the
mountains of Slovakia and the Czech Republic (Sillinger 1929; Tlusták 1972; Tlusták 1975; Perný
2007; Škodová et al. 2011 and others), but there can be find some works that mention the orchard
meadows. Ruži ková and Kalivodová (1997) represent the importance of orchard meadows of
Myjavská pahorkatina in terms of nature protection and conservation of genetic resources of plants
and animals. Ruži ková (1997) also offers syntaxonomical characteristics of orchard meadows in the
Myjavská pahorkatina hilly land and in lower foothills of the Biele Karpaty mountains. From other
regions in Slovakia, it was in region near Banská Štiavnica that the vegetation of orchard meadows
was described (Ruži ková and Halada 2005). A particular attention needs to be paid to the old sorts of
fruit trees, which were discussed by Mertan (1997). Although not much attention has been given to the
characteristics of orchard meadows in Slovakia until now, all the mentioned works were an important
starting point for our research.
The association Pastinaco sativae-Arrhenatheretum elatioris Passarge 1964 represents mesophilous
grassland vegetation occurring on deep, moist and nutrient-rich soils, spreading from lowlands to
highlands (Janišová et al. 2007). This association is also known from the orchard meadows in
Myjavská pahorkatina hilly land and Biele Karpaty mountains, where it was described by Ruži ková
(1997) as the association Dauco-Arrhenatheretum elatioris Görs 1974 (synonymous association to
Pastinaco sativae-Arrhenatheretum elatioris Passarge 1964 by Janišová et al. 2007; Jarolimek and
Šibík 2008). This association includes mesophilous meadows with a prevalence of grassy species
Arrhenatherum elatius, Dactylis glomerata, Trisetum flavescens, Festuca pratensis, Poa pratensis and
Alopecurus pratensis and other species of the Molinio-Arrhenatheretea class. Ruži ková (1997)
distinguished the two subassociations: typicum occurring mainly in Myjavská pahorkatina hilly land,
and more termophilous brometosum erectis subassociation, which occur especially at the foothills of
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the Biele Karpaty mountains. The association of Pastinaco sativae-Arrhenatheretum elatioris in
orchards of the Biele Karpaty mountains was also mentioned by Škodová et al. (2011). Ruži ková
(1997) also described the Poo-Trisetum flavescentis Knapp ex. Oberdorfer 1957 community in the
orchard meadows around the perimeter of Kraj anská hora, and even in the surroundings of Krajné
village. This is a community of rather colder mountain areas (above 500 m a. s. l.). In the study area, it
is largely related to the northern slopes with cooler and more humid climate. Shadow of the fruit trees
contributes to the humidity in orchard understorey and therefore allows the existence of the
community even at altitudes from 300 to 400 m (Ruži ková, 1997). Škodová et al. (2011) noted that
this association is not very common in the territory of the Biele Karpaty mountains, but the vegetation
of some stands of the Pastinaco sativae-Arrhenatheretum elatioris association is closely related to it.
Mesophilous and subxerophilous oat-grass meadows of the Ranunculo bulbosi-Arrhenatheretum
elatioris Ellmauer in Mucina et al. 1993 association grow on drier habitats with shallower and more
drained soils compared to the association of Pastinaco sativae-Arrhenatheretum elatioris (Janišová et
al. 2007). They are spreading from lowlands up to an altitude of 800 m. According to Škodová et al.
(2011) this association belongs to communities typical for orchard meadows, and frequently occurs on
sites with high content of carbonates. In addition to mesophilous species, termophilous species of the
Festuco-Brometea class are also presented in this vegetation, including Salvia pratensis, Pimpinella
saxifraga agg., Tithymalus cyparissias, Anthyllis vulneraria. The association has been also described
from the surroundings of Banská Štiavnica where it is developed on volcanic rocks (Ruži ková and
Halada 2005). The orchard vegetation near Horná Súš has developed on nutrient-rich flysch
weathering.
Drier soils with higher carbonate contents in orchards of the Biele Karpaty mountains create a habitat
for the Onobrycho viciifoliae-Brometosum erecti T. Müller 1966 association (Škodová et al. 2011).
The vegetation of this association was classified as Ranunculo bulbosi-Arrhenatheretum elatioris in
the past (Janišová et al. 2007).
The botanical research of the orchard meadows has a long tradition especially in German-speaking
countries. The research from SW (Baden-Württemberg, Saarland) and SE Germany (Bavaria) showed
that the oat-grass meadows are the most widespread orchard meadows of this area (Wiegand and
Schulz 1984; Breunig and König 1988; Wolf and Hemm 1994; Hölzel 1999; Eckstein 2001; Glück et
al. 2004). These conclusions are supported by Müller (1988) who expected the amplitude of the
orchard meadow habitat conditions to be nearly identical to the amplitude of the most widespread
grassland vegetation of the Arrhenatherum elatioris Scherrer 1925 association. Given the current
syntaxonomical reviews, the Arrhenatherum elatioris Scherrer 1925 association is considered to be
synonymous to the Ranunculo bulbosi-Arrhenatheretum elatioris Ellmauer in Mucina et al. 1993
association.
In addition to grassland species we can find also forest species in the understorey of orchards. Their
presence determines the shading effect of fruit trees, which affects microclimate of the habitat. Less
light and higher moisture is suitable for species like Ficaria verna, Anemose nemorosa, Aegopodium
podagraria, Brachypodium sylvaticum, Lamium galeobdolon, Geranium robertianum and in higher
altitudes for Chaerophyllum hirsutum too (Wiesinger and Otte 1991; Beier et al. 1995; Hofbauer
1998). Their increased participation is supported by forests occurring near to the orchards (both
localities near „kopanitse“ settlement U Mozolákov).
Fruit trees, with their old local varieties, are important components in orchard meadows. Although it
comprises only a few fruit-tree species, each single species includes considerable gene variability.
This is especially true for apple trees (Malus domestica). The major varieties of apple trees in
Myjavská pahorkatina hilly land and Biele Karpaty mountains are the following: Batul, Borinka
(Charlamovski), Cár Alexander, Syr ek, Broká , Myjavská zelienka and others. In addition to apple
trees, pear trees are frequently present in our orchards, including Solanka, Špinka, Bollvilleriana,
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Muškatelka turecká, Orešanka, Dobrienka, Madovka, Hajcarka ect. (Mertan, 1997). Orchard meadows
are also important for protection and conservation of genetic resource of these old fruit trees.
Orchard meadows are showing a concentration of many specific abilities in the small area, which is
probably not in common for any other biotope type, like:
- mosaic of various habitats which is offering a living space for plant and animal communities rich in
species,
- high floristic herb and grass diversity,
- high faunal diversity,
- unique landscape physiognomy created by orchard meadows,
- task of orchard meadows to preserve a genetic heritage of original fruit tree varieties.
Orchard meadows may be regarded as biotopes with high ecological and cultural importance.
According to Funke et al. (1986), the ecological importance of orchard meadows is the result of high
structural diversity. Tree trunks, leafs, branches, flowers and seeds, various and diverse tree top, tree
holes and rotten wood represent various habitats. Orchard meadows enrich cultural landscape, stabilise
high diversity of fauna and flora, and create valuable habitats and refuges for animal and plant species
that are not able to find living space in any other cultural land.
Orchard meadows influence the microclimate, directly in the orchard itself as well as in closely
surrounding areas. Mentioned by Weller et al. (1986) the trees reduce wind speed in low atmosphere
layers and decrease daily temperature amplitudes by 2 °C without disabling air circulation. This effect
is enhanced when shrubs occur in or around orchard meadows.
Using of herbicides and pesticides used to be almost unknown in orchard meadows. Traditionally
managed orchard meadows do not belong to intensively fertilized agricultural lands. Tree roots and
grass vegetation prevent soil erosion and fast water run-off. Permanent vegetation cover,
decomposition of leaf litter and fallen fruit enrich the soils with nutrients and minimize leaching of
these nutrients into deeper soil layers.
As pointed out by Simon (1992), missing tillage and presence of grassy understorey keep the soil
structure unaffected and wind and water erosion is reduced to minimum. Therefore, the orchard
meadows contribute to protection of natural resources, especially on steep slopes.
The diversity of the fruit-tree varieties plays an important role as a genetic reservoir, particularly in
case of new plantations or resistance against diseases. Especially important is to conserve these
varieties of fruit trees because of their natural pest resistance and their ability to acquiescence in
climate conditions. The original varieties represent a reservoir of genetic properties, which are not
occurring in conventional fruit species used in intensively managed orchards. Reproduction of the
original varieties has high importance for all forms of extensively managed pomicultures, because
only these varieties are suitable for hardly cultivable slopes as well as for other orchard areas. They are
also suitable for solitary usage in the landscape, because these trees in general do not need any type of
management (Weller, 1992).
Orchard meadows may be included among very species-rich biotopes of the middle Europe. This is
characterized not just by high biodiversity but especially by the high specialist species abundance.
Combination of mixed usage (fruit production and usage of grassy biomass), diversification of sunny
and shaded places creates ideal conditions for silvicol and pratinicol species.
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Abstract
Phosphate Biomining (microbial mediated phosphates mining from raw materials) from low grade
ores and numerous waste products can facilitate global agricultural’s and world resources’
phosphorus (P) deficiency. For this need the experimental device was developed for treating of several
kinds of phosphate containing materials (lowgrade Bryansk phosphorite) and phosphogypsum
(Egorievsk) in continuous flow conditions. Stable long-term P release under exposure of selected
microbial consortium was observed in column bioreactor with continuous conditions in all tested flow
rates. Microbial treatment was estimated to remove P from phosphate containing materials during 12 warm seasons. Our results suggest direct microbial mobilization of phosphates has great potential
as a technology for processing P-containing low grade ores and solid wastes to minimize the
ecological burden from mining and fertilizer production activities.
Key words: microbial phosphate solubilization, pollution of phosphate industry, phosphate poor ores
utilization, phosphogypsum utilization, in-situ continuous waste treatment, bioremediation
1. INTRODUCTION
Phosphorus (P) deficiency in soils is one of the most critical problems in agriculture. Fertilizer use to
correct for deficiencies is limited by availability of mineral phosphate ores and P in soil readily
precipitates into insoluble forms. Recent estimates of world phosphate reserves indicate only a 70-90
year supply for future use (Kirkby et al., 2006, Murrell et al., 2006). At the same time, less than 25%
of P applied as fertilizer is assimilated by plants, the remainder of the P becomes insoluble or is lost
from the soil (Harris et al., 2006). It is well known, that production of P-containing chemical fertilizers
is energy intensive and expensive. In addition, mining and production of P fertilizers creates non-profit
poor quality phosphate and phosphogypsum waste that can cause environmental pollution by releasing
excess phosphate. Phosphogypsum wastes release approximately 4.1-5.4 tons/ton of P2O5 (Levin and
Angelov, 2003, Hilton, 2006, Dawson, 2006). During the ten years the costs of P-containing
concentrate and P-fertilizers have increased 3-4 times (Review of world prices, 2007, Heffer and
Prud’homme, 2011). Thus, the low efficiency of P use from existing fertilizers and increased demands
of agriculture for a growing population, increases global ecological problems (for soil and
environment) from mining and production of phosphate ores for use in fertilizers, and accelerates the
depletion of non-renewable deposits of rich ores.
As a result, the development of cheaper and more effective P fertilizers is of paramount importance to
sustain agricultural production and decrease environmental impact. Biological P fertilizers, based on
the activity of phosphate solubilizing microorganisms (PSM), are capable of slowly releasing soluble
P directly from phosphate ore materials (Rodriguez, 1999, Goldstein, 2000, Zhigletsova et al., 2007,
Dunaytsev et al., 2008 Dunaytsev et al., 2010). These fertilizers may be more effective for agricultural
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production, have soil rehabilitation effect and have less environmental impact than alternative
chemical fertilizers (Vassileva et al., 2010, Zhigletsova et al., 2010, Miransary, 2011, Richardson et
al., 2011). Furthermore, direct microbial mobilization of P from phosphate containing wastes (poor
ores, phosphogypsum) can be used when chemical approaches are non effective (Goldstein et al.,
1993, Zhigletsova et al., 2010). Besides, historically in Russia hundreds of million tons of
phosphogypsum had been produced from world ecologically purest Khibiny apatite ores (Levin and
Angelov, 2003), and in case of remaining phosphates dismissal it could be secondary used for
industry.
Possibility of phosphate releasing from low grade ores from Russian phosphates ore mining and
wastes from manufacturing of chemical phosphoric fertilizers by microorganisms have been studied
basing on SRCAMB microbial collection of PSM.

Fig. 1. Design for set-up of laboratory equipment used for phosphate mobilization from wastes, where
1 – bioreactor, 2 – recalculating pump, 3 – feeding pump, 4 – sampling tube, 5 – wastes vessel.
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2. MATERIALS AND METHODS
For investigation of P mobilization from insoluble P-containing solid wastes and ores there was used
continuous flow laboratory column with static solid phase, presented on Figure 1. The mounted
column, filled by phosphate ore or P-wastes in 3-10 mm size of particles per 0,52 L of total volume,
was inoculated by three synergic-culture PSM association (kav-282, lhv-71 lhv-11b). Then, cell
immobilization in a reactor with the use of medium flow capacity and 40% recirculation for 2 weeks
(up to soluble phosphates output about 1-3 mcg/mL) was conducted. After that, the changed flow rate
modes of the reactor were turned on to obtain the experimental data. Flow rate mode was maintained
continuously for more than three months.
Initially for checking the operationability, phosphorite ore (Bryansk deposit) was used in process.
After successful P mobilization two P-containing materials were selected for investigation. They were
Bryansk ore sludge (4,7% of remainder P) and phosphogypsum as solid waste from mineral P fertilizer
production (Voskresensk fertilizer plant, 3,3% of remainder P).
The mineral medium contained: carbon source (0,5% glucose and 0,5% sucrose), 0, 11% ammonium
chloride, microelements and didn’t contain phosphates. The fresh medium was sterilized before
delivery to the system.
Drop irrigation of ore layer was conducted at every flow rate for 5-10 days on average, for
accumulation of the analytical solubilization data. Reactor aeration was carried out by contra flow
capacity that provides knowingly aerobic conditions in a bioreactor. In the daily selected samples, the
content of phosphorus,
and cells was controlled. The ambient temperature was measured. Overall,
continuous processes were carried out for about 3 months.
3. RESULTS AND DISCUSSION
Phosphorite (Bryansk deposit) was tested in column bioreactor during 3 months. Stable P release
under exposure to consortium of PSMs was observed in all tested continuous flow conditions for more
than three months, results are presented in table 1.
At all conditions investigated, the essential (tens mcg/ml) phosphate release from phosphatecontaining ore was observed. As flow rate increases, the obtained output of medium with soluble
phosphates was maximum at 3-4 L/days. Further increase in flow capacity decreased phosphate
release. Besides, the flood process in the reactor was observed.
Dependence between flow rate and medium pH wasn’t observed. While initiation (with the minor
biomass amount) was accompanied by neutral and alkali pH level; then at working conditions acidic
pH made up 3,8 – 4,7 that indicated microbiological phosphate mobilization from phosphoruscontaining raw material. At that time, the concentration of inoculated cultures in the output liquid
made up 106 – 108 cells/mL. Flow rate return to minor amount (for 51-87 days) has shown increased
amount of soluble phosphorus, that obviously reflects the result of essential biofilm growth in a reactor
for three-months initial period.
These regimes of flow conditions were used for testing of P-containing phosphogypsum (PG, Fig. 2)
and low grade ores (Fig. 3). Maximal output of P from PG was at flow rates 2-4 L/day and was 0,180,22% of P per day. The same parameters for ore sludge wastes was quite stable at rates 2-6 L/day
that was about 0,3% of P release per day. So, microbial treatment was estimated to remove all
reminder P from phosphate containing materials during 1-2 warm seasons. Opportunities of process
intensification are planed to be investigated by improving gas and mass transfer in the reactor.
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Table 1. Results of microbial treating of phosphate ore (Bryansk region) by microbial consortium.
Duration from
process
beginning, days

Medium flow
rate, L/day

Phosphorus in outlet
medium, mg/L

of outlet
medium

Note

0 – 13

1,43

Trace amount

6,73 ± 1,20

Biomass
immobilization

14 – 16

1,43

0,70 ± 0,49

7,37 ± 0,07

Biomass
immobilization

17 – 27

1,14

4,70 ± 3,76

4,70 ± 1,38

28 – 33

2,29

13,63 ± 0,68

3,90 ± 0,55

34 – 40

3,41

22,32 ± 10,47

4,60 ± 1,54

41 – 47

4,56

21,25 ± 10,01

4,11 ± 1,44

48 – 50

5,70

7,93 ± 2,76

4,03 ± 0,38

Layer flood in reactor

51 – 60

2,85

34,10 ± 19,89

3,86 ± 1,79

Flow rate reduction

61– 87

1,43

18,80 ± 9,02

3,69 ± 0,87

Flow rate reduction

a
18

Ph o sp h ates, m g /L

16
14
12
10
8
6
4
2
0
0

1

2

3

4

Flow rate, L/day
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Fig. 2. Phosphates outlet concentration (a) and daily phosphates output (b) depending of media flow
rate during microbial treating of phosphogypsum.
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Fig. 3. Phosphates outlet concentration (a) and daily phosphates output (b) depending of media flow
rate during microbial treating of wastes of Bryansk low grade ore sludge wastes.
4. CONCLUSION
Thus, the principal possibility of direct phosphate release from low grade ore material and Pcontaining wastes with the use of continuous flow bioreactor was shown. Our results suggest that
direct microbial mobilization of phosphates has great potential as a technology for processing Pcontaining low grade ores and solid wastes to minimize the pollution from mining and fertilizer
production activities.
ACKNOWLEDGEMENTS:
The present work was supported by several contracts in frames of State scientific programs of
Rospotrebnadzor Agency and by project #3107p of International Science and Technology Center.
REFERENCES
1. Dawson, C.J. Food, fertilizer and footprints – an environmental essay. International Fertilizer
Society, York, UK, Proceeding 623. 40pp.
2. Dunaitsev, I.A., Starshov, A.A., Perelygin, V.V., Klykova, M.V., Kondrashenko, T.N. (2008)
Efficacy of experimental samples of microbiological phosphoric fertilizers on barley. Agro XXI, 13, pp. 35-36 (in Russian).
3. Dunaitsev, I.A, Zhigletsova, S.K., Klykova, M.V., Kondrashenko, T.N., Baranov, A.M.,
Dyatlov, I.A. (2010) SRCAMB collection of phosphate solubilizing microorganisms as a long-term
bioresource. Proceedings of 12th International Conference on culture collections “ICCC-12”,
Florianopolis, Brazil, pp. 19-20.

231

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
4. Goldstein, A.H, Rogers, R.D, Mead, G. (1993) Mining by microbe. Bio/Technology, 11, pp.
1250–1254.
5. Goldstein, A. (2000) Bioprocessing of rock phosphate ore: essential technical considerations for
the development of a successful commercial technology. Proceedings of a Technical conference of
IFA. New Orleans, 21 p, http://www.sustainablecropnutrition.org/ifa/content/view/full/
4050/(offset)/1291.
6. Harris, J.N., New, P.B., Martin, P.M. (2006) Laboratory tests can predict beneficial effects of
phosphate-solubilising bacteria on plants. Soil Biology & Biochemistry, 38, pp. 1521–1526.
7. Heffer, P., Prud’homme, M. (2011) Short-term fertilizer outlook. Proceedings of 37th IFA
Enlarged Council Meeting Mayakoba, IFA, 7 p. http://www.sustainablecropnutrition.org/ifa/
content/view/full/4050.
8. Hilton, J. (2006) Phosphogypsum management and opportunities for use. International Fertilizer
Society, York, UK, Proceeding 587, 37 p.
9. Kirkby, E.A., Romheld, V. (2006) Physiological aspects of plant phosphorus in relation to its
acquisition from the soil by crop plants. International Fertilizer Society, York, UK, Proceeding
588, 48 p.
10. Levin, B.V., Angelov A.A. (2003) Ecological classification of phosphate mineral raw materials.
Khimicheskaya promyshlennost’ segodnya, pp. 41-49 (in Russian).
11. Miransary, M. (2011) Soil microbes and plant fertilization. Applied Microbiology and
Biotechnology, 92, pp. 875-885.
12. Murrell T.S., Fixen P.E. Improving fertilizer P effectiveness: challenges for the future. In:
V.M.C. Alves, C.T. Guimaraes, R.E. Schaffert, A.M. Coelho, A.F. de Castro B. Filho, Derli P.
Santana (Eds.) Proceedings of 3rd International Symposium on Phosphorus Dynamics in the SoilPlant Continuum. Uberlandia, Brazil, 2006, pp.150-151.
13. Review of world prices. (2007) World of N, P and K, 5, pp. 18-23.
14. Richardson, A.E., Lynch, J.P., Ryan, P.R., Delhaize, E., Smith, F.A., Harvey, P.R., Ryan,
M.H., Veneklaas, E.J., Lambers, H., Oberson, A., Culvenor, R.A., Simpson, R.J. (2011) Plant and
microbial strategies to improve the phosphorus efficiency of agriculture. Plant and Soil, 349, pp.
121-156.
15. Rodriguez, H., Fraga, R. (1999) Phosphate solubilizing bacteria and their role in plant growth
promotion. Biotech. Advances, 17, pp. 319-339.
16. Vassileva, M., Serrano, M., Bravo, V., Jurado, E., Nikolaeva, I., Martos, V., Vassilev, N.
(2010) Multifunctional properties of phosphate-solubilizing microorganisms grown on agroindustrial wastes in fermentation and soil conditions. Applied Microbiology and Biotechnology,
85, pp. 1287-1299.
17. Zhigletsova, S.K., Dunaitsev, I.A., Besaeva, S.G., Klykova, M.V., Aripovskiy, A.V.,
Kondrashenko, T.N., Kolombet, L.V. (2007) Phosphate solubilization by microorganismssuppressors of plant pathogens. Information bulletin of international organization for biological
control of noxious animals and plants, 38, pp. 140-142 (in Russian).
18. Zhigletsova, S.K., Dunaitsev, I.A., Besaeva, S.G. (2010) Possibility of application of
microorganisms for solving problems of ecological and food safety/Review. Agrokhimia, 6, pp. 8396 (in Russian).

232

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
CRIMINAL LIABILITY AS A TOOL FOR ENVIRONMENTAL PROTECTION
Ilona Jancarova,
School of Law, Masaryk University, Veve í 70, 611 80 Brno, Czech Republic

Abstract
At the end of 2008, Directive on the protection of the environment through criminal law was adopted,
stating in its Preambule, that „the existing systems of penalties have not been sufficient to achieve
complete compliance with the laws for the protection of the environment“. The Member states were
supposed to transpose this Directive till December 2010.
In the Czech Republic, only natural (physical) persons were liable for criminal offences up to the
beginning of 2012, when a new law was passed introducing the criminal liability of legal persons. Up
to 2012, offences of legal persons were subject to sanctions which were usually imposed in the
administrative procedure. The contribution will investigate the necessity to make natural and legal
persons criminally liable not only from the EU law transposition point of view, but also from
practical reasons. It will be focused on comparisson of administrative and criminal penalties and its
effectiveness as well.
Key words: environmental protection, criminal law, criminal liability,environmental law enforcement
1. INTRODUCTION
At the end of 2008, Directive on the protection of the environment through criminal law (Directive)
was adopted, stating in its Preambule, that „the existing systems of penalties have not been sufficient
to achieve complete compliance with the laws for the protection of the environment“. The aim of this
Directive is to ensure that criminal offences will be punishable with "effective, proportionate and
dissuasive penalties" throughout the whole European Union. It establishes a minimum set of criminal
law rules common in all Member States to ensure that serious breaches of EU environmental law will
be adequately punished and to prevent loopholes in Member States´ national legal regimes which
could otherwise be exploited by perpetraitors of environmental crimes.(see also Press Releases , June
2011)
As the other Member State, the Czech Republic had a duty to transpose the Directive till 26 December
2010. This requirement brought substantial changes to the national legal order. Not only new
environmental crime provisions have already been introduced to the former Czech Criminal Code
(Act. No. 140/1961 Coll. had been abolished), but after a new Criminal Code (Act. No. 40/2009 Coll.)
came into force in January 2010, the existing provisions have been reformulated to meet the EU
requirements. The most significant change to the existing legal order, however, was brought by the
new Act No. 418/2011 Coll., on the criminal liability of legal persons, inasmuch only physical persons
could be liable for a criminal offence in the Czech legal order so far. Up to 2012, offences of legal
persons were subject to administrative sanctions which were usually imposed in the administrative
procedure. The contribution is focused on comparisson of criminal and administrative liability of
physical and legal persons in the Czech Republic and since it is too early to compare and assess the
practical application and realization of criminal enforcement, possible advantages and disadvantages
of both enforcement approaches will be discussed.
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2. CRIMINAL LIABILITY IN THE EU AND THE CZECH NATIONAL LEGISLATION
Directive 2008/99 requires Member States to provide for criminal penalties in their national
legislation in respect of serious infrigements which are delimited as offences in the Art.3 of the
Directive. The legislation listed in the Annexes to this Directive contains provisions which should be
subject to criminal law measures in order to ensure that rules on environmental protection are fully
effective (Preamble, rec. 8). We have seen that EU have no competence to set quantum of criminal
penalties.(Gouritin, De Hert, 2009, p. 22) Moreover, the Directive creates no obligation regarding to
the application of such penalties. In this regard Ludwig Krammer stated: "As the Member state fix the
type of sanctions and their level, the Directive is not likely to change the status quo and have
significant impact on the protection of the environment". (Krämmer, 2011, p. 413) On the other hand,
the European Commission insists on precise transposition and addressed ´the reasoned opinion´ to 13
Member States , including the Czech Republic, and gave them two months to transpose the rules set
by the Directive in June 2011 (Press Releases, June 2011). Based on this reasoned opinion, the last
amendment to the Czech Criminal Code Act No. 330/2011 Coll.) was passed at the end of 2011.
Following criminal offences are encompassed in the Czech Criminal Code:
-

damage or threat to the environment and to its components (intentional or grosly negligent)
(§§ 293-294)

-

damage to the water resource (§ 294a)

-

damage to the forest (§ 295)

-

the operation of a plant in which a dangerous activity is carried out or in which dangerous
substances are stored or used without a permit (§ 296)

-

unauthorized discharge of polluting substances from a ship or other marine vessels (§ 297)

-

iIllegal waste management and transboundary transportation of the waste (§ 298)

-

illegal production and dealing with substances depleting the ozone layer (§ 298a)

-

illegal possession and treatment of protected species of wild animals and plants (intentional
or grosly negligent) (§§ 299-300)

-

unauthorized production and posession of radioactive and highly hazardous substance (§ 281).

2.1. Damage or threat to the environment and to its components
The first offence (damage or threat to the environment) is aimed at the protection of individual
environmental components. To commit this criminal offence, the wrongdoer must fulfill 2
preconditions:
a) he must behave illegally, e.g. he must breach the law or a duty set according to the law.
b) damage must be done in an extent specified in the Criminal Code; the damage must be directed to
health of persons or to the environment.
The kind of conduct that would cause the damage or its threat is not specified by the law. Principally,
each illegal conduct causing a death or serious damage to health, significant or a large scale damage to
the environment or environmental components including the parts of nature, is considered to be a
crime according to the Czech Criminal Code.
The damage may be caused either intentionally or by grosly negligent behaviour. The maximum
penalty of eight years imprissonment or prohibition of the activity may be imposed for intentional
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offence. If the conduct was committed with a serious negligence, the potential period of imprisonment
ranges up to two years or the activity may be prohibited.
2.2. Damage to the water resource
Among the offences against the environment, the conduct against the protected water resources is
specifically pinpointed. This offence may be penalized by up to two years imprisonment. This the only
environmental crime can be committed without the breach of environmental laws.
2.3. Damage to the forest
Even though the Directive is not directed to it, the illegal logging seems to be a very frequent offence
in the Czech Republic. To be criminally liable, specific conseguences anticipated by the law must be
fulfilled (for example damage to the forest ecosystem etc.) The penalty reaches up to four years
imprissonment or prohibition of the activity.
2.4. The operation of a plant in which a dangerous activity is carried out or in which dangerous
substances are stored or used without a permit
Illegal operation of a plant in which dangerous substances are stored or used or in which a dangerous
activity is carried out without a permit is considered to be a crime by itself. Such operation is posing a
threat or damaging the environment and therefore this conduct may be penalized as the damage or
threat to the environment and to its components (see 2.1.) by imprisonment up to eight years.
2.5. Unauthorized discharge of polluting substances from a ship or other marine vessels
Directive 2009/123/EC (amending Directive 2005/35/EC) on ship source pollution is a part of a set of
EU rules to reinforce maritime safety and help to prevent pollution from ships. It requires Member
States to consider serious and illicit discharges of polluting substances from ships as a crime. (Press
Releases June 2011) In the Czech Republic, this requirement is implemented by the provision § 297 of
the Criminal Code, setting the penalty of 6 months to 10 years imprisonment or the prohibition of the
activity or forfeiture of the offence-related object, depending on the "modus operandi" and the
consequences of the conduct. The offence may be committed both intentionally and with a gros
negligence.
2.6. Illegal waste management and illegal transboundary transportation of the waste
Illegal collection, transport, disposal of waste or another forms of illegal waste management belong to
the most important problems in the Czech Republic for quite a long time, even though it was
considered to be a crime already in the previous Criminal Code. According to the new Criminal Code,
wrongdoers can expect a maximum penalty for this offence of five years imprisonment, prohibition of
the activity, or a fine. Criminalization of the illegal shipment of waste is aimed at implementation of
the Directive´s requirements; the requirements of the Basel Convention, which the Czech Republic is a
party to, are complied with at the same time. Both conducts may be committed either intentionally or
with a gros negligence to create a crime. Illegal shipment of the waste is defined as a criminal offence
without the condition that it causes or is likely to cause significant damages to persons or the
environment, because this breach is considered a danger in itself. The second conduct - illegal waste
management must lead to the significant damage or its threat to the environment for the wrongdoer to
be criminally liable.
2.7. Illegal production and dealing with substances depleting the ozone layer
The Article 3 (i) of the Directive was transposed by the new provision § 298a added to the Criminal
Code, according to which the illegal production, importation, exportation, placing on the market or use
of ozone depleting substances should be considered as a crime. The penalty reaches up to three years
imprisonment, prohibition of the activity or forfeiture of the offence-related object.
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2.8. Illegal posession and treatment of protected species of wild animals and plants
The killing, destruction, damage to, possession or taking of specimens of protected wild flora and
fauna species along with trading in specimens of protected wild flora and fauna species belongs to the
most serious criminal offences worldwide. According to the Czech Criminal Code, it can be punished
up to 8 years of imprisonment in the most serious cases, depending on the grosly negligent or willful
character of the conduct, consequences of the conduct and its "modus operandi". Other sanctions, such
as prohibition of the activity or forfeiture of the offence related object are also anticipated by the law
with the aim to meet requirements set in Articles 3 (f)-(h) of the Directive. The criminal law protection
relates to habitats within a protected sites, as well. Moreover, the protection directed to specified parts
of nature is not limited to especially protected sites, resp. to areas within the scope of EU legislation
(Directive 79/409/EEC on the conservation of wild birds and Directive 92/43/EEC on the conservation
of natural habitats and of wild fauna and flora). It also relates to monumental trees, significant
landscape components or to caves.
2.9. Unauthorized production and posession of radioactive and highly hazardous substance
The provision of Article 3(e) of the Directive dealing with the production, processing, handling, use,
holding, storage, transport, import, export or disposal of a nuclear materials or other hazardous
radioactive substances is implemented by § 281 Criminal Code. Similarly to the illegal shipment of the
waste, but unlike the Article 3(e) of the Directive, no damage to persons or to the environment must be
done to commit this offence.To constitute criminal liability, the production and posession of the
radioactive and other hazardous material must be illegal. The penalties range from 2 to 16 years of
imprisonment or confiscation of the property.
Inciting, aiding and abetting of the above mentioned conducts will also be considered a criminal
offence. To constitute a criminal offence, all the conducts covered by the Criminal Act must be
unlawfull. They must be committed either intentionally or with at least serious negligence, inasmuch
criminal law requires a measure of blameworthiness and the blameworthiness depends in large
measure on the actor´s state of mind and could range from willfulness to negligence. One who lacks
the required state of mind is not criminally liable for the conduct. (see also Brickey, 2008, p. 13-16)
Some offences require a serious damage to be caused to persons or to environment, while the others,
such as the illegal shipment of waste, unauthorized discharge of polluting substances from the marine
vessel, illegal production and management of substances depleting the ozone layer and illegal
posession and treatment of protected species of wild animals and plants, constitute the crime without
causing anticipated negative consequences.
3. CRIMINAL LIABILITY OF LEGAL PERSONS
Traditional criminal law focused on wrongfull acts committed by persons aware of the wrongfull
nature of their actions. It sought retribution, reformation, incapacitation and deterrence of similar
future actions by corporeal punishment or imprisonment. Corporations and other organizations are
incapable of criminal intent. This follows from the fact that corporations are theoretical and legal
constructs, not physical beings. They lack minds, bodies and souls. In themselves, they cannot think or
have knowledge. Thus, while their real people corporate employees may act with a criminal intent, the
artificial entities cannot. The organizations are also incapable of experiencing classical criminal
sanctions: corporeal punishment and imprisonment. Thus they are immune from retribution,
incapacitation or deterrence through traditional criminal sanctions. (Miller, Justice, 2011, p. 171-172)
This legal doctrine was characteristic to the former Czech criminal law for quite a long time.
According to it, crimes could be related to physical persons only, while legal persons cannot be held
criminally liable under the Criminal Code. For crimes that can be imputed to the legal person, only the
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physical person who was acting on behalf of the company could be penalized according to the
Criminal Code. This construction, however, was changed quite recently. The Act No. 418/2011 Coll.
on the criminal liability of legal persons was passed by the Czech Parliament, which is in force since
1.1.2012. This act is a primary law in relation to the Criminal Code, which means that the provisions
of the Criminal Code will be supplementary to provisions encompassed in the Act on the criminal
liability of legal persons.
According to the Pavel Samal, the Act on the criminal liability of legal persons does not represent a
shift from the principle of culpability; the fault of the legal person is derived from the fault of the
physical person. Based on this theory, a willful or negligent act or omission of a physical person
acting on the behalf of a corporation is attributable to that corporation as a "fault of the management"
and can be imputed to the corporation itself. Thus, the criminal liability of a legal person is established
by the actual act of a person, who has a „leading position“ within the legal person. The criminal
liability of the company can be established even if it is impossible to designate the specific person,
whose conduct resulted in commitment of a criminal offence. On the other hand, the criminal liability
of the legal person does not preclude the possibility to establish a criminal liability of a physical
person and vice versa. (Samal, 2011, p. 25-28) Therefore, when a corporate behaviour has been
determined to constitute a crime, it is possible to punish not only individual perpetraitor but also the
enterprise itself.
The 2008/99/EC Directive applies to both natural and legal persons. Art. 2d of the Directive defines
"legal person" as any legal entity having such status under the applicable national law, except for
States or public bodies excercising State authority and for public international organizations.
The liability of legal persons is foreseen in Art. 6 of the Directive. Art. 6(1) enumerates three
conditions:
Firstly, an offence according to Art. 3 or 4 of the Directive must have been committed.
Secondly, the offence must have been committed "for their benefit".
Thirdly, the offence must have been committed "by any person who has a leading position
within the legal person, acting either individually or as a part of an organ of the legal person",
based on (a) a power of representation of the legal person, an authority to take decisions on
behalf of the legal person (b), or an authority to exercise control within the legal person (c).
Hence, the ability to engage the legal persons´ liability is restricted by the requirement that the
natural person susceptible to engaging the legal persons´ liability must have a "leading position"
within the legal person. Nevertheless, the possibility to identify such a leading position "either
individually or as part of an organ of the legal person" could mean that such a leading role could be
determined by relying on the law (e.g. on the statutes of the legal person) or by identifying a de facto
leading role. Art. 6(2) covers the liability of legal persons on the ground of a lack of supervision or
control by the natural person having a leading position when this lack of supervision or control "has
made possible the commission of an offence reffered to Art. 3 and 4. (Gouritin, De Hert,, 2009, p.
22-27) This requirement is fully complied with in the Czech law, moreover, the Act on criminal
liability of the legal persons established the criminal liability of a legal person which took advantage
of another legal or physical person to commit the crime. This situation is called "indirect
perpetraitorship".
According to the Czech law, different sanctions can be imposed on the legal person for the criminal
offence. These are :
-

abolishment of the legal person

-

forfeiture of the property
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-

monetary penalty

-

forfeiture of crime – related objects

-

the ban on engaging in public commissions

-

ban on accepting subsidies

-

publication of judicial decisions. (See Kalvodová, 2011, p. 69-78)

When imposing the criminal sanction to the legal person, the court must take into account the nature
and seriousness of the offence and the situation of the legal person including previous activities and
current financial conditions. The effort of the company to compensate the damage and corrective
measures taken to fix the negative consequences of the conduct may influence the kind and the scope
of a sanction in the positive way.
4. ADMINISTRATIVE AND CRIMINAL SANCTIONS - COMPARISSON
The EU Member States are in charge of enforcement of EU environmental law. To enforce the
environmental law requirements, states use their administrative and where necessary, criminal law
sanctions. The procedures to impose those sanctions differs substantially in the Czech legal system.
Accordingly, there is a significant difference between administrative and criminal liability principles,
as well as between the definition of administrative and criminal offences, even if they can be
costituted by the same kind of behavior. The difference between the administrative and criminal
offence consists in the seriousness of the threat or damage caused to the environment and/or to the
whole society. Notwithstanding, if the conduct is considered to be a crime, it can never be treated as
an administrative offence at the same time according to the Czech legal order.
The administrative offence is often based purely on infrigement of administrative law with no specific
damage to the environment or healt of persons. The administrative liability can have a character either
of a strict liability (without regard to fault) or a fault based liability. It may be constituted regardless
of whether the infringement caused a negative effects on the environment or persons in an individual
case. On the other hand, criminal liability is a fault based liability. Willful or at least negligent
infringement of administrative law and negative effects (damage or its threat) must be proved in most
of the criminal offences.
The fact that the applicable environmental law in a specific situation is infringed will determine the
existence of environmental offence, either administrative or criminal one. For example, illegal
dumping of waste is prohibited by administrative law. If someone dumps waste, he breaches that
provision of administrative law and commits an administrative offence. If illegal dumping has caused
serious damage to the environment which is defined as a criminal offence, a crime was commited.
This approach consists in defining particularly serious breaches of environmental legislation as
criminal offences, if they caused or are likely to cause significant negative effects on the environment
or persons. In addition, some breaches of environmental legislation are defined as criminal offences
without the condition that they cause or are likely to cause significant damages to persons or the
environment, because these breaches are considered as a danger in themselves. Thus, the criminal law,
as the "last resort", deals only with the most serious infringements of the legal order, while
administrative law tackles a much larger variety of infractions with the ambition to cover all the
possible fields of protection of the environment. Moreover, various international instruments, such as
the Basel Convention on the Shipment of Hazardous Waste and the Convention on the International
Trade in Endangered Species (CITES) oblige the contracting parties to provide for criminal sanctions
for breach of the conventions' provisions. (Commission staf working document (2007/022(COD))
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The fact that the big majority of serious environmental offences are committed by corporations and
enterpreneurs while doing business must be higlighted in the necessity to introduce effective and
dissuasive penalties applicable to those cases. What is at stake here is what kind of sanctions, eg.
whether administrative or criminal ones, can have better preventive, deterrent, repressive and
reparative effect on possible perpetraitors.
The administrative sanctions relay mainly on fines, prohibition or limitation of the operation and
corrective measures, such as the reinstatement of the environment or revocation of the licence and
confiscation of the infringement – related object . The aim of administrative sanctions is to put a
pressure on persons to behave in compliance with the law. Monetary sanctions, for example have a
potential to fulfill this role when set in an adequate scope. When set too low, the costs of compliance
may exceed the fine, in which case the penalty would loose its preventive and deterrent effect
completely. Sometimes even substantial fines for environmental offences may be viewed as merely
costs of doing business. (See also Gaynor, Bartman, 1999, p. 2) If fines are set too high, they may
threaten the economic situation of the perpetraitor. This seems to be politically unacceptable,
inasmuch the Czech Supreme Administrative Court ruled that when assessing the fine, the economic
situation of the person should be taken into consideration (MŽP,2008, p. 51). Therefore, the repressive
and deterent effect of fines may be diminished in specific cases.
The financial impact of a fine may be augmented by the stigma of a criminal conviction. The degree of
stigma associated with such a conviction will vary with the circumstances of the defendant, but it can
be significant, even enormous especially for legal persons; a significant portion of a corporation value
is attributable to its reputation. Criminal conviction may bar organizations from securing permits or
from receiving government grants and contracts. They may cause customers, suppliers and financiers
to avoid doing business with the convicted organization. In the most serious cases, the stigma
associated with a criminal conviction may even drive corporation out of business. Administrative
penalties can have the same effect as criminal fines, subject to the same conditions. But the stigma
associated with successful administrative enforcement actions is far less than the stigma associated
with criminal convictions. The combination of criminal fines and stigma, therefore, makes criminal
prosecution a much more potent detrrent than civil enforcement. (Miller, Justice, 2011, p. 178)
The detrimental effect of administrative fines can be aggravated by imposing corrective measures.
These may be applied either independently or along with fines in case of a breach of administrative
law. Corrective measures have significant repairing function and thus serve as a very important tool of
environmental protection. Nevertheless, above mentioned administrative sanctions are not always
sufficient to effectively enforce the environmental law. Especially, they often do not have sufficient
dissuasive effect in cases where the offenders are impecunious, or, on the contrary, financially very
strong. The biggest problem experienced in the Czech republic is the insolvency of the perpetraitors,
often followed by termination of the existence of the legal persons with the aim to avoid
administrative liability. In such cases, fines and corrective measures are fully ineffective.
Both administrative and criminal law penalties must be prosecuted within a certain time limit. The
subjective and objective time limits are distinguished by the Czech administrative law. The
administrative environmental offences may be mostly prosecuted within one year after the competent
authority discovered the breach of the law (subjective time limit), but within three years after the
administrative offence was committed at the latest (objective time limit). The statute of limitation of
criminal penalties range from three to ten years depending on the seriousness of the offence.
Both systems of sanctions are designed to achieve compliance with the law by deterrence from
infringements and sanctions aimed at reducing the risk of repetition of offences. The difference
between administrative and criminal sanctions is gradual. Both systems have recourse in a certain
margin to fines and other corrective means. However, criminal sanctions generally are adopted after a
procedure with more onerous investigatory procedures, and generelly carry more severe penalties.
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(Hoffmann, 2009) On the other hand, criminal conducts comitted by "white collars" are not perceived
as a serious threat to the society. These persons are presented as respectable citizens and the courts are
traditionally indulgent in assessing their conducts. The success of criminal penalties is thus dependent
on the social recognition of environmental offences as a serious crimes. Moreover, a low level
punisment in case of environmental criminal conducts creates the perception of low risk of those
crimes for the society and therefore the perpetraitors are usually sentenced to symbolic or alternative
penalties. (Bej ek, 2009)
Even if the ultimate level of fines might not differ between criminal and non-criminal ones, criminal
law has a much stronger deterrent effect because of the moral disapproval that is connected to it and
the inclusion of judgments in criminal records. Moreover, if offences are not prosecuted in criminal
proceedings, this limits the investigation techniques that are available to the police. Criminal
prosecution and investigation as well as the assistance between Member States in criminal matters are
in some cases more powerful than the means of administrative or civil law. Assuring that those serious
offences are considered as criminal offences throughout the Community and not purely as
administrative infringements has a greater dissuasive effect on potential future offenders. This is
mainly due to the greater social stigma linked to a criminal penalty and particularly given the growing
range of innovative sanctions which might be imposed. Finally, the possibility of terms of
imprisonment for individuals, especially officers of corporations, is a very powerful deterrent in cases
where financial sanctions may not be dissuasive because the offenders are impecunious or, on the
contrary, financially very strong. (Commission staf working document (2007/022(COD))
4. IS THE CRIMINAL LIABILITY OF LEGAL PERSONS NECESSARY?
As mentioned above, Directive 2008/99/EC requires Member States to ensure that the legal persons
can be held liable for offences referred to in Articles 3 and 4 . The penalties to be applied are provided
for in Art. 7 of the Directive: " legal persons held liable pursuant to Art. 6 are punishable by effective,
proportionate and dissuasive penalties". As can be seen from different explanatory documents, (for
example Proposal for a Directive 2007/0022 (COD)) Member States are not oblidged to impose
criminal penalties to legal persons inasmuch some Member States´ legal orders do not foresee such
possibility (e.g. Czech legal order up to 1.1.2012). In this article, the Directive leaves the choice of
the sanctions´ nature (criminal or administrative) to the Member States. (See also Gouritin, De Hert,
2009, p. 27)
Since most serious violations occur in business settings, violations committed by or through
businesses are among the most frequently prosecuted. (See also Brickey, 2008, p. 62-63) Considering
the fact that the big number of environmental crimes are committed by legal persons with
complicated organizational structure, it becomes more and more difficult to identify a natural person
in such complex corporate structures who may be criminally held responsible for the offence. (see also
Commission staf working document (2007/022(COD)) This could result in the impossibility to punish
the environmental offence entirely, because under the traditional legal doctrine, employees of
organizations violating the environmental statutes can be prosecuted criminally but the organizations,
on whose behalves they violate, cannot. (Miller, Justice, 2011, p. 171-172) And once the conduct
fulfills the characteristics of a crime, it must be prosecuted as a crime according to the Czech law with
no possibility to impose administrative penalty either to physical, or legal person.
The criminal liability of legal persons allows to engage in criminal proceedings against both legal
persons and natural persons "who are perpetrators, inciters or accessories in the offences refferred to
in Art. 3 and 4". The fact that corporations can be held liable for environmental crimes does not
exclude the individual liability of those acting on behalf of the legal person.
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5. CONCLUSION
According to the Directive, the environmental offences should be punishable by effective,
proportionate and dissuasive criminal sanctions for natural persons, whereas criminal or non-criminal
sanctions shall be applied to legal persons. (See also Proposal for a Directive 2007/0022 (COD)) It is
not specified whether the liability of legal persons should be a criminal one. Thus, it does not oblige
Member States that do not recognise the criminal liabillity of legal persons in their national law to
change it. Despite to it, many countries including the Czech Republic have accepted the criminal
liability of legal persons.
The environmental authorities have a number of administrative responses at their disposal. They have
the power to revoke or suspend a licence, which has low costs and allows a quick response to
problems. However, it has extremely serious consequences, shutting down an installation and probably
depriving individuals of their livelihood. This corporate capital punishment seems to be little used
either as the administrative sanction, or as the criminal penalty. (See also Holder, Lee, 2007, p.372401)
The threat of criminal prosecution is an important part of ensuring compliance. And yet, the low
likelyhood of prosecution reduces the strenght of this threat. A combination of a inadequate sanctions
and the heavy resource burden of prosecution reduces likelihood, and so deterrence. For the criminal
liability, to fulfill its preventive and deterrent effect, certain conditions must be met:
a) Police, prosecutors and judges should be well oriented in environmental problems and legislation.
Very often, the persons involved in examining criminal offence lack the expertise and experience in
this field. This fact increases the possibility that the case would be dismissed. So far, the greatest level
of expertise reside in supervisory environmental agencies. Police and prosecutors are usually coping
with legal-technical problems, such as difficulties in proving environmental offences have taken the
place, and in investigating the question of responsibility; technical problems, such as difficulties
measuring and analyzing suspected offences; difficulties in handling complicated legislation and
organizational problems in the context of collaborations with other authorities.
b) Environmental crimes do not usually generate a concrete victim in the form of a physical person (as
in the case of assault offences), or one that can be represented by a physical person (as in frauds
committed against insurance company), who is able to report the offence. The number of crimes that
are discovered is thus dependent on the supervisiory agencies. In combination with the low level of
inspections, this means that the risk of being caught in connection with an environmental offence is
likely to be low. The low risk of discovery, in combination with a low risk of conviction, means that
the likelyhood of receiving some form of sanction in connection with environmental crime is also
going to be low.
c) Severity of sanctions - the sanctioning scale for environmental offences ranges between fines at one
end and a prison term at the other. (Du Rées, 2009, p. 640) The most common form of sanction for
those convicted of environmental offences is a fine. Prison sentences are very rare. This suggests that
the severity of sanctions is also relatively low. Even in context of natural persons acting on behalf of
the company, the most common criminal sanction would be the fine because courts will probably be
reluctant to sentence these persons to jail. There may be still perception that environmental crime is
different from ordinary crime. (See also Holder, Lee, 2007, p. 372-401)
The detrrence may occur when fear of a sanction causes an actor not to behave in a prohibited manner.
Whether a sanction is sufficient to deter depends on the violators´ perception of whether the violation
will be detected, whether the violator will be successfully prosecuted, and whether the likely sanction
will be sufficiently large. For fines to deter, however, they must be in a sufficient amounts to make
violating a legal requirement more expensive than complying with it. (Miller, Justice, 2011, p. 178)
Generally, even huge fines would not solve the problem of deterrence. Fines are ineffective against
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companies with enormous resources, and those with very few. In the latter case, because there is no
alternative sanction such as imprisonment, fines only deter up to solvency - once the company has run
out of funds, no further punishment or deterrence is available. In the former case, a fine that hurts
would have to be so large that it seems either absurd or unfair. (Holder, Lee, 2007, p. 372-400)
Moreover, fines as the only traditional criminal sanction that can be imposed on legal entities,
punishes the wrong person. It deprives innocent stakeholder of fund available for dividends and of
the value of their investments. (Miller, Justice, 2011, p. 171-172)
Criminal law is one essential, but not the exclusive tool in the fight for efficient environmental
protection. It complements other tools such as the civil liability for environmental damages,
administrative sanction regimes, or better information rights for citizens in environmental issues.
It must be observed that the criminal liability approach only tackles the most serious forms of
environmental crime and establishes an obligation to impose criminal sanctions. It takes into
consideration that not every breach of an administrative provision requires criminal sanctioning, and
that criminal law should always be considered as a "last resort". Routine and relatively minor breaches
of regulation are not criminal. Often environmental offences are strict liability and require no evidence
of environmental harm.
In compliance with the Directive, the criminal liability relates to those offences which cause or are
likely to cause a particularly serious result (death or serious injury of a person, substantial damage to
the quality of air, soil, water, animals or plants). Only in few cases, such a result is not a constitutive
element of the offence, the reason being that in those cases (trade in or use of ozone-depleting
substances, trade in endangered species and illegal shipment of waste) a result or even the likelihood
of a result is nearly impossible to prove, either because they show in third countries or because the
effects will appear long-term and on a cumulative basis. Therefore, the authorities of the Member
States remain free to decide whether all offences must be prosecuted or whether criminal penalties
may not be imposed in minor cases or where the environmental damage is insignificant. In such cases,
they could also choose to apply administrative sanctions. (Commission staff working document
2007/0022 (COD) .
Czech environmental laws along with the Criminal Code authorize both criminal and administrative
enforcement actions for the same violations of environmental laws provisions. However, if the
conduct has serious consequences described in the criminal code, the offence must be prosecuted as
the criminal one and it cannot be considered as an administrative offence at the same time. In this
regard, with the previous absence of the criminal liability of legal persons, the only one who may be
punished in this case is the natural person, while the company escapes the punishment, not only
because it is not liable for the criminal offence, but because the conduct cannot be persecuted as the
administrative offence as well. In this case, the only perpetraitor is considered to be the natural
person. It is not possible to penalize the corporation by imposition of a fine. As far as the legal person
is concerned, only corrective measures or other means of civil injuction may be adressed to it to
prevent further environmental harm and to commence clean up procedures, but not a fine or other
sanctions.
The introduction of the criminal liability of legal persons into the Czech legal order has lead to
termination of this situation. Nowadays, if the conduct has a character of the administrative offence, it
may be prosecuted by the environmental administrative authority (Czech Environmental Inspectorate).
If the conduct is serious enough to constitute a crime, both legal person and natural persons acting on
behalf of the company may be penalized by criminal sanctions, including fines which can be marked
as a substantial achievement to environmental law enforcement. The other positivive result of the Act
on criminal liability of legal person is the general ban on abolishment of the legal person during the
proces of criminal prosecution. Previously, this out-of-business tactic was used by companies to
escape the liability in practice very often.
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On the other hand, the biggest problem related to insolvent companies remains. The imposition of the
criminal liability to legal persons is not capable to make those companies to pay fines neither to make
them to comply with the law. Moreover, courts should consider the financial situation of the
perpetraitor when imposing the criminal sanction. In those cases, the low effect of monetary sanctions
could be enhanced by sentencing the physical person who was acting on behalf of the corporation to
jail.
So far, conducts resulting in environmental crimes were rare in the Czech Republic. During 1995 2008, only natural persons had been prosecuted and convicted for environmental crimes. In practice,
penalties did not exceed 5 years imprissonmnet. Based on the research commenced in the Masaryk
University School of Law in 2009, the most freqent crime was the damage to the environment as a
consequence of illegal logging. This criminal offence was penalized by exceptional penalty (4,5 years
imprissonment due to the worst case of willful conduct). Out of 5 cases of illegal waste and
management, the perpetraitors were convicted in 3 cases with the highest penalty 1 year
imprissonment. No illegal shipment of the waste was prosecuted in the Czech Republic as
environmental crime.
Nevertheless, in regard to a serious environmental offences, criminal liability represents a significant
enforcement tool. There are several reasons for that:
-

First, the imposition of criminal sanctions demonstrates a social disapproval of a qualitatively
differen nature compared to administrative sanctions or compensation mechanism under civil
law

-

Secondly, administrative or other financial sanctions may not be dissuasive in cases where the
offenders are impecunious or, on the contrary, financially very strong. Prison penalties might
have stronger deterrent effect in such cases (See also Proposal for a Directive 2007/0022
(COD))

-

Thirdly, administrative penalties can equal or exceed criminal fines and can be assessed more
easily than criminal fines. However, monetary sanctions are more potent deterrents in criminal
convictions than in civil or administrative actions, because of the greater stigma attached to
criminal convictions. For individuals, the prospect of jail time and the stigma of criminal
conviction have bigger deterrent effect than administrative sanction. (Brickey, 2008, p. 25)

Furthermore, the means of criminal investigation and prosecution (and of mutual legal assistance
between Member States) are more powerful than tools of administrative or civil law and can enhance
the effectiveness of those procedures. Finally, there is an additional guarantee of impartiality because
investigating authorities, i.e. other authorities, than those administrative authorities that have granted
exploitation licences or authorisations to pollute, will be involved in a criminal investigation. (See also
Proposal for a Directive 2007/0022 (COD))
Based on the above mentioned, it can be cocluded that the criminal liability for environmental crimes
can be considered as an unavoidable enforcement instrument and the criminal liability of legal persons
is presumed to be a positive step forward in the fight against environmental crimes.
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IMPLEMENTATION OF BIODEGRADABLE WASTE MANAGEMENT
IN THE REGIONAL AND NATIONAL WASTE MANAGEMENT SCHEMES –
THE CASE OF LATVIA
In ra Teibe
Department of Environmental Management, University of Latvia
19 Rai a Blvd., Riga, Latvia

Abstract
The treatment of biodegradable waste in accordance with the demands of the European Union,
national legislation and waste management planning framework binds more and more new and strict
obligations for all stakeholders involved in the waste management system. Those common demands
lay emphasis on the efforts to implement the most suitable waste treatment technologies for local and
regional territory, taking into account the impact on the environment, sustainability and economical
facets.
In this paper there has been estimated and evaluated the total amount of produced biodegradable
waste in Latvia, the capacity of treatment facilities to implement the regional waste management
plans, the partnership of the private sector with composting and biogas production plants, an ability
of the municipalities and inhabitants to act voluntary in the biodegradable waste treatment in their
local territories and to reduce the unsorted waste stream in the landfills.
Key words: biodegradable waste management, municipal, regional, national
1. INTRODUCTION
Alike the others European Member states Latvia at present is facing a big challenge, to be in line with
the demands of Landfill Directive 1999/31/EC, which sets the direct binding targets for reduction of
unsorted waste stream and diverting from landfill: by 2013 to reduce biodegradable municipal waste
landfilled by 50% and by 2020 to reduce biodegradable municipal waste landfilled by 35% of the
amount produced in 1995. To comply with Waste Directive 2008/98/EC Member States shall move
forward re-use and recycling of households’ waste and possibly from other origins similar to waste
from households and must achieve the following targets: by 2015 separate collection shall be set up in
the waste management system for at least such waste materials as paper, metal, plastic and glass and
by 2020 to prepare for re-use and the recycling of waste materials such as at least paper, metal, plastic
and glass to a minimum of overall 50 % by weight. The expected recovered waste proportion could be
30 % bio- waste and 20% paper, plastic, metal, and glass waste materials.
The treatment of biodegradable waste in accordance with the demands of the national legislation and
waste management planning framework meanwhile is weak in our country. The explanation of such
situation is not only the insufficiently developed infrastructure of the bio-waste separate collection and
treatment facilities and the high collection and transporting costs, but also the deficiency of the local
research in the municipal and regional level, lack of operative data and best practice examples,
unknown market conditions and distribution possibilities for compost and, certainly, poor awareness
of the bio-waste treatment necessity in the society.
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Total energy use in 2007 accounted around 5045 million tons of CO2 equivalent produced in EU 27
Member States. The waste management special landfills is one of the six branches, which produces
green houses gases (GHG), and this indicator is increasing. The total of GHG emissions breakdown by
sector in Latvia in 2008 in comparison with the European Union 27 Member States (EU27) in 2007 is
the following: energy industries - 40.2 % (31.9%), manufacturing industries - 18.9 % (12.7%),
transport - 30.4% (21.2 %), waste management- 7.7.% (2.8%), agriculture -2.4% (9.2%), solvent and
other product use - 0.4% (0.2%), industrial processes (8.5%) and other (energy) (13.4%), (LASA,
2011, Eurostat, 2010). The total GHG emission in the waste management sector in 2008 was around 1
300 Gg in Latvia. These emissions, mainly, are produced by bio-waste degradation under anaerobic
conditions in landfills. In this process the landfill gases are produced and the main GHG is methane
(CH4), which is around 21 times more powerful than carbon dioxide (CO2).
The biodegradable waste management provided in improper manner, precipitates filling of municipal
landfill cells, the presence of bio-waste in the total unsorted waste amount reduces or totally rejects
recycling possibilities, increases the environmental impact as GHG and pollution of underground
water, as well as stimulates spreading of different infections with an existing hazardous pathogens and
microorganisms.
DESCRIPTION OF SITUATION
In order to implement and administrate the centralized waste management system, which was accepted
in 2005 with ‘State waste management plan 2006-2012’, the whole territory of Latvia has been divided
into the eleventh regions: Viduskurzeme, Ventspils, Liep ja, Piej ra, Dienvidlatgale, Zemgale,
Austrumlatgale, Zieme vidzeme, Maliena, Vidusdaugava, Pier ga and Riga city, with separately
elaborated regional waste management plans.
According to the information of each regional waste management plan, in 2005 was estimated the
medium produced waste per capita per year, but there was no explanation about how precise are these
data and the methodology used to estimate these figures. The statistical data indicate that most
insignificant waste producers are inhabitants in the rural areas in Dienvidlatgale with 72 kg per capita
per year, Maliena with 66 kg per capita per year and Austrumlatgale with 65 kg per capita per year, to
compare with the inhabitants of Riga, which live in the multi - apartment houses and are largest waste
producers in the country 282 kg per capita per year, after them follow the inhabitants of Liep ja with
263 kg per capita per year and Ventspils with 233 kg per capita per year, if the density of unsorted
waste is ~ 150 kg/m3. The average produced waste in the EU27 Member States in 2008 was 524 kg
per capita per year (Eurostat, 2010).
The average structure and changes during the period from 2000 to 2011 of landfilled waste material in
Latvia has been estimated in the research project ‘The assessments of dissolved organic carbon
parameters in the landfilled waste material’ by local environmental experts. As shown below in Figure
1 in the last decade significant changes made in the part of packaging materials, for example, plastic
waste increased from 4.8 % to 11.96%, a paper and cardboard from 14.5 to 18.2%; compared to glass
decrease from 13.3% to 10% as well as a bio –waste from 49.5% to 38.5%, and metal, which kept
their proportion by 4% by weight in the total amount (Virsma, 2011).
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During the period from 2003 to 2010 Latvia finally have received positive waste treatment balance
between disposal and recovery as shown in Figure 2. However, households’ activity is still very weak
indeed. The average of separate collected waste amount such as paper, cardboard, plastic, glass and
metal for re –use and recycling is around 7-10%. The assertion of these data is based on various case
studies in the municipalities done by Waste Management Association of Latvia.
The statement of INTERREG III program RECO research project in 2007 describes the municipal
waste management situation in Piej ra region municipality Tukums with 19 535 inhabitants and the
average produced solid waste amount around of 13 068 ton per year. The percentage of total produced
municipal waste structure by waste producers was the following: inhabitants -31%, services and
institutions – 33% and production enterprises – 36%. Although this proportion of produced waste was
similar, there is significant difference between each waste producer activity in the common separate
waste collection system. The RECO project research results exhibited that involvement in separate
waste collecting by waste producers in fact was only1.5% by inhabitants, but services and institutions
contributed around 26% and production enterprises up to 86% from total produced solid waste
amount.
This example characterizes quite well the situation in Latvia in general. As shown in Figure 2, the
balance of waste recovery is positive in 2010, but in average in the municipalities separately collected
waste amounts at around 20 % from all produced municipal waste and mainly is composed from bulky
construction and demolition waste, metal and similar to waste from households waste from
production enterprises, but participation of small enterprises, institutions and inhabitants meanwhile is
weak.
COMPOSTING
Composting is most popular and rather widely used bio- waste treatment method in EU, at least 95%
from all bio - waste treatment methods are composting (Green Paper, 2008). Therefore, to give a
scientific proof of the compost quality is a logical process due to growing compost industry. However,
the demands of compost quality are not guided by the end-users and on a global scale there are no
joint compost quality system, because there are a lot of the volunteers, who are composting their own
bio - waste in their own territory. Another reason is that compost quality standards and guidelines are
promulgated by various sponsors from private and public sector. The only recommendation, to supply
compost for abroad as a good, is to comply with the country demands of compost standards, where
compost is going to be sold. Meanwhile there are different approaches in the world, various states
have been chosen to adapt the quality standards made by other countries to use in their territory, but
such states as Austria, Belgium, Germany, Italy, Netherland are promulgating their own standards and
guidelines into accordance with the local legislation framework, existing situation and compost has a
quality seal (Brinton et al., 2000). The main condition of consumption is that using of compost shall
not be hazardous for the human, animals and plants (UCD, 2008, LASA, 2005).
As Commission staff working document ‘On future steps in bio-waste management in the European
Union’ indicates the main bio-waste treatment methods should be in accordance with the waste
management hierarchy, but each Member State fulfills their own legislation framework, manages
centralized or decentralized composting system and facilitates the biogas production and uses for
power and heat or transport sector.
The composting application is most suitable technology in the municipal as well as in the regional
level for bio-waste treatment in Latvia from technical and economical point of view, considering the
comparatively low investments needed for implementation, common produced municipal waste
amount and low inhabitant density. The wider implemented technologies in Latvia are open air
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composting using windrows or piles, but there is also urban composting with the closed bioreactor,
which prevents smells and reduces different hazardous components in the compost.
At present in the municipalities of Latvia separate bio-waste collection and treatment system is very
weak or not organized at all. Therefore, in practice according to each household’s environmental
education and awareness uncontrolled back yard composting takes place. Municipal green waste
usually has been operated by waste operator, composted in parks or in the local compost sites, which
quite often are not available for local inhabitants.
Mainly, in EU compost is used in agriculture (about 50%), for landscaping (up to 20 %), to produce
growing media (blends) and manufactured soil (around 20%) and by private consumers (up to 25%)
(Green Paper, 2008). For today Latvia does not implement the strict standards for usage and quality
of compost, therefore the largest part of compost is used in agriculture, for land restoration or landfill
cover and some amount for landscaping. In the municipalities garden or park waste in not treated
properly, therefore it does have not practical application.
OVERVIEW OF COMPOSTING CAPACITY IN THE REGIONS OF LATVIA
There are a lot of small size municipalities in Latvia, such as 39 municipalities with a number of
inhabitants up to 5 000, 39 municipalities up to 10 000 inhabitants, 17 municipalities with a number of
inhabitants with up to 20 000 and only 11 municipalities with up to 30 000 inhabitants and 4
municipalities with up to 30 000 inhabitants. But after summarization of waste management
infrastructure, which has been given in the regional waste management plans in Latvia and R ga city,
by 2013 there should be installed up to 72 composting sites for bio – waste treatment. There are quite
big differences of composting facilities among regions, seeing that, only Zemgale and Zieme vidzeme
regions municipalities are aware of the demands of waste management hierarchy and are going
implement bio-waste treatment close to production place. For example, in Zemgale region will be
installed 5 large composting sites near the towns and 14 small capacities composting places from 500
to 2000 m3 per year in the populated areas with more than 1 000 inhabitants.
To estimate the total bio – waste treatment capacity in Latvia and by regions the average amount of
produced waste amount 192 kg per inhabitant per year has been chosen, bio-waste density around 288
kg per m3 (LASA, 2007) and common part of bio- waste in total produced amount of 38.5 % by
weight. For the total produced household bio- waste amount of 174 thousand tons per year, the
treatment capacity mentioned in the regional waste management plans is 69 thousand tons per year
and uncovered bio – waste treatment capacity in 2013 will achieve around 32 thousand tons per year
(see Fig.3). As follows, the EU landfill demands: by 2013 to reduce biodegradable municipal waste
landfilled to 50%, will provide only Viduskurzeme, Zemgale, Maliena and Dienvidlatgale regions,
insignificant problems will be in Austrumlatgale, Ventspils un Vidusdaugava regions, but Riga city
will not be able to comply with bio- waste tretament demands. The next EU landfill target is: by 2020
to reduce biodegradable municipal waste landfilled to 30%, in this case the total uncovered bio-waste
treatment capacity will achieve already 53 thousand tons per year and the bio- waste treatment
problems will not be only in the three regions – Maliena, Zemgale and Viduskurzeme.
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In practice, the situation in landfills is much worse, as it has been observed in the ‘Latvia's national
greenhouse gas emission inventory report’ in 2011, where landfilled waste composition was
researched in four regional landfills: Zieme vidzeme regional landfill Daibe, Liep ja regional landfill
Granti i, Riga city and Pier ga regional landfill Getli i and Ventspils regional landfill
tes, the biowaste part in the landfilled waste amount was up to 52% (see Fig. 4) in the three landfills. The results
from landfill Daibe is rather different, because there unsorted waste is pretreated before it is landfilled
(Virsma, 2011). This research lays emphasis on total bio-waste amount disposal in the landfills and
this is around 15 % more than we are expecting from households. Generally, producer of this waste is
municipality and this is garden, parks and cemeteries green waste as well water treatment sludge.
For the calculation of different assumptions on the biogas implementation, location and capacity, the
uncovered bio-waste amount and additional part from municipalities green waste in landfills, should
be taken into account as raw material potential for biogas production.
BIOGAS PRODUCTION
According to the Directive 2009/28/EC on the promotion of the use of energy from renewable
sources included in EU Climate and Energy Package, Latvia have to increase the consumption share to
use of energy from renewable sources from 34.9% in 2005 up to 42 % in 2020 as well as increase
energy savings and energy efficiency. Therefore, more and more biogas potential has been evaluated
as potential energy source, which could increase renewable resources proportion in the total national
energy consumption. These factors play significant role in security of energy supply and in long term
leads to reduction of environmental impact as GHG.
The total biogas potential in Latvia was evaluated by Latvian Environment, Geology and Meteorology
Centre and it was 1.22 million tons of organic waste in 2006 and 1.42 million tons in 2009.
The national statement of Biogas Production and Utilization Development Program 2007-2011 has
mentioned that total evaluated biogas potential is around 174 million m3 per year in Latvia. The
overview of biogas potential shares are following: agriculture manure 95 million m3 per year (53 %)
and energy crops 16.8 million m3 per year (9%), food processing and catering (food waste) 23 million
m3 per year (13%), animal origin wastes / by products 10.65 (6%), waste water treatment (sludge) 10.8
million m3 per year (6 %), biological waste (from households and industry) 23 million m3 per year
(13%) (Kalni š, 2009).
The latest research results proves that there are only two regions - Zemgale and Latgale - in Latvia,
which could play significant role in the implementation of new biogas facilities. As a raw material for
biogas production in Zemgale region there could be used agricultural waste, but in Latgale region
there is high raw material potential from secondary agricultural waste and food processing organic
waste materials (Epp Ch. et al, 2008). According to evaluated dates of the composting capacity by
regional waste management plans, in the same regions Zemgale and Latgale the biological waste
treatment infrastructure will be implemented satisfactory with produced bio-waste amount.
Selecting suitable regions and available substrates for biogas production there are very important
assessments of transport costs and location of heat user. Due to the low energy content per volume and
large quantities needed for biogas production, from economical and energetically point of view not
useful to transport raw materials more than 15 km from the available biomass source and not farther
than 1 km from opportunities to sell heat and feed power into the grid (Epp Ch. et al, 2008, MartínezBlanco et al, 2010).
However, not only transporting distance prevents biological waste from households and industry for
being used in the biogas production as a raw material. In practice often separately collected bio- waste
consists of different components such us glass, metal, plastic sacks, therefore, this input material must
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be pretreated before using. There must be strict requirements for bio- waste quality and the
composition must be expected to be used as biogas production potential.
Nowadays Latvia does not have a big experience in the biogas production and we are still only
beginning to invent this growing sector. There are only some biogas plants, where as raw material is
used agricultural waste and energy is used for the needs of owners.
CONCLUSION
In order to implement and administrate centralize waste management system the whole territory of
Latvia has been separated into eleven regions. According to the information of each regional waste
management plan in 2005, where was estimated a medium produced waste per capita per year, there
are quite big differences among them: from 65 kg per capital per year in rural areas of Austrumlatgale
to 282 kg per capita per year in Riga city in the multi-apartment houses.
Although Latvia has reached positive waste treatment balance between landfilled and recovered
amount in 2010, however the activity of the inhabitants in separate waste collection is weak. As
example, in Tukums municipality the separate collected waste amount from households was only
1.5% from total produced waste, compared with production enterprises, which activity separate
collected waste reach up to 86% from total produced waste amount in 2007.
The average household bio – waste amount in total produced waste composition is around 38.5 % by
weight, according to results estimated by composting capacity according to regional waste
management plans in Latvia and by regions, only three of them Maliena, Zemgale and Viduskurzeme
have been implemented bio - waste treatment capacity according to EU landfill demands. Provided
uncovered bio- waste composting capacity in 2013 will be 32 thousand tons, but in 2020 up to 52
thousand tons in Latvia. The statement of other research made in 2011 on establishing landfilled waste
composition says that for today at least 50 % of bio- waste disposal is in the landfills. The producer of
this waste part is municipality and these are garden, parks and cemeteries green waste as well water
treatment sludge. Hereby, could be hold a view, that most of Latvian regions are not ready to comply
with the bio- waste treatment demands by landfill Directive.
The separate bio- waste collecting and treatment in municipalities is very weakly developed or not
provided at all, therefore, it is hard to determinate inhabitants separate collecting skills and expecting
bio - waste quality, which could be counted as biogas potential. The low inhabitants density, not
developed bio - waste separate collecting system and suggested transport distance, not far than 15 km
from biomass producing source, gives an indication that biogas facilities practically could be
implemented only near the big cities or in the Zemgale and Latgale region, where already exist big
food production enterprises and developed agricultural sector, where good quality bio- waste could be
used as one part of raw material.
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Abstract
The article tells about the ecological assessment of wild populations of oregano. This plant is not
registered in The Red Book of Latvia, but the conservation of local genetic resources is vital as there
is a threat of diminishing of wild populations and loss of valuable clones. It is necessary to cultivate
oregano for keeping a biodiversity of Latvian nature. That is why ex situ conservation of genetic
resources of oregano is very important.
Key words: oregano, wild populations, genetic resources, ex situ conservation, collection
1. INTRODUCTION
Spice- and medicinal plants growing is one of the most popular spheres of untraditional horticulture
in Latvia. Oregano (Origanum vulgare L.) is a paramount medicinal and aromatic plant in Europe,
including Latvia (Asdal et al., 2009). It is classified as a medicinal, spice and ornamental plant
(Hammer and Spahillari, 2000). Oregano has been used in production of essential oil, in perfumery,
culinary, food and beverage production. It has also been used for colouring wool red. Oregano is an
excellent plant for attracting bees. The apiculturists uses it for smearing the hives to keep the ants off.
It is considered that aroma of oregano is frightening the moth off (
,
, 1994).
‘Herba origani’ are the flowering tops of the herb. It is used in herbal teas, in the homeopathic and
pharmaceutical industries (Spice- and..., 2006). Oregano have a lot of effects on the human body, it is
antiseptic, antispasmodic, carminative, cholagogue, diaphoretic, diuretic, stomatic, emmenagogue,
expectorant, stimulant and midly tonic. It is used to treat muscular pain, arthritis, sprains and stiff
joints. Oregano is taken internally in the treatment of bronchial complaints, tension headaches,
insomnia, anxiety, minor digestive upsets and painful menstruation. However, it should not be
prescribed to pregnant women (
,
, 1994). It is proved that oregano increases the
organism endurance in case of high nuclear radiation.
Oregano has been utilized in folk medicine for thousands of years in the Baltic countries. It is
frequently used by acute and chronic bronchitis, as an anti inflammatory agent, by different digestive
complaints, by weak or lack of appetite, as an antispasmodic agent, as a diuretic, as a stimulant of the
uterus, for calming the nerves. In Latvia, oregano tea is used against hangovers (Spice- and..., 2006).
Oregano essential oil has been used in aromatherapy for calming and fear overcoming, for indoor
microclimate sanitizing, for oral inhalations, in cosmetic industry (Ciekure, 2012). Oregano extract has
been used for bathing. Oregano has also been used in sauna switches composition. It is believed that
oregano helps to get rid of cellulite and skin imperfections.
Each person has also individual reaction to oregano. That is why the usage of this plant in a medicine
is possible only after the consultation with a therapeut.
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Fresh or dry flowering plant tops and leaves can be used as a spice. Oregano pleasant and strong
aroma, as well as its bitter taste are well combinated with parsley, basil, caraway, thyme, garlic, olive
and rapeseed oils. Oregano has been used in a spice mixes for salad dressing and roasted vegetables.
Oregano is excellent in pasta sauces, vinegars, herb butters, pizzas, meals, eggs, wild games, pancakes
(Brila, 2007). Some beverages (for example, tea, lemonade, home beer) are aromatized with oregano
,
, 1994). Historically the Latvians used oregano as an ingredient in production of
sausages (Spice- and..., 2006). It has also been used in pastry cooking (Garšaugi. Garšvielas, 2003).
Wild populations of oregano in our country are too little. It is necessary to cultivate oregano for
keeping a biodiversity of Latvian nature. It is important to use local genetic resources in agrocenosis
as they are adapted to concrete climate conditions and possible stress situations in a specific
environment. Oregano cultivation needs to get as rich and qualitative yield as possible. Oregano
populations have to be explored with the aim to select the most valuable clones as well as to study
their morphological differences and agrobotanical properties for cultivation, selection and
conservation.
2. BASIS OF RESEARCH
Biodiversity of nature is very important condition of long-term development of agriculture and rural
environment. All over the world the intensification of agriculture production, destructive technologies,
the development or rural infrastructure and construction are leading to environment pollution, climate
changing, soil erosion and diminishing of plants` genetic diversity (Spice- and..., 2006). All these
processes lead to disbalance in nature. In contrast with other European countries, there are some rural
territories with low intensity of agricultural activity in Latvia. Thanks to this fact, the biodiversity of
local ecosystems is stable. However, today`s ecological conditions are not favourable for local flora
and normal vegetation. Some types of human activities have changed the species composition of
forest, lake and river ecosystems (Dabas aizsardz ba..., 2000).
During the 20-th century the biodiversity of local spice- and medicinal plants, including oregano, had
been influenced by following factors:
-

land-reclamation measures,

-

farm dams building and lands` flooding (building of hydroelectric power stations),

-

forests and meadows transformation into fields,

-

changes in rural technologies,

-

use of invasive species that are crowding out the local genetic resources,

-

intensive and irrational use of meadows as grazing lands,

-

forest fires,

-

environmental pollution,

-

industrialization and urbanization,

-

uncontrolled gathering of natural spice- and medicinal plants,

-

lack of information and recordings (Vides aizsardz bas..., 1995).

Starting from 1995 Latvia has been participating into more than 20 different international projects for
nature conservation and for solving a problem of diminishing of biodiversity of spice- and medicinal
plants. About 12% of territory of Latvia is covered by protected lands. The formation of these national
parks and reservates started about 100 years ago. Rare species of spice- and medicinal plants are
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conservated in situ and ex situ (ex situ in vivo and ex situ in vitro). However, in Latvia genetic
resources conservation in vitro is considered less important (Baricevic, 2010). Oregano is not
registered in The Red Book of Latvia, but the conservation of local genetic resources is necessary as
there is a threat of diminishing of wild populations and loss of valuable clones.
Local genetic resources of spice- and medicinal plants are defined as local or foreign species that are
grown and used in Latvia during long period of time. Cultivated species with their closely related or
initial forms adapted to Latvian agroclimatic conditions are also ranked among local genetic resources.
Despite the participating of Latvian scientists in several international projects of conservation of
genetic resources of spice- and medicinal plants, including oregano, the researches of such a type are
still innovative (Žukauska, 2008). In Latvia there is a lack of a low that could regulate the
conservation of genetic resources.
3. OREGANO WILD POPULATIONS IN LATVIA
In Latvia only Origanum vulgare L. ssp. vulgare could be found in nature (Baricevic, 2010). Oregano
is a common plant in certain areas of Latvia, but the plant density is quite low. Oregano is found in dry
and middle humid meadows, at field borders and on dry hills.

Figure 1. Distribution map for oregano in Latvia (Spice- and..., 2006).
Place of distribution

Kurzeme

Vidzeme

Zemgale

Latgale

The majority of the populations are concentrated into three regions: Vidzeme, Latgale and Kurzeme.
In central area, Zemgale, oregano is found only in a few places. The number of clones in populations
varies. The wide use of oregano in a local folk medicine and culinary is the main reason why the
populations are severely depleted. Participation in the scientific expeditions showed that there are no
significant differences between plants collected within one site. The variability is slightly higher
between accessions collected in different district within a region (Spice- and..., 2006).
In 2011 the author has explored the morphological diversity of wild populations of Latvian oregano.
The results of this research showed that some characters (plant height, length and width of
inflorescence) have high variability. There may be prostate, semi-erect and erect plant growth habit in
local populations. The differences in colour of stems, petals, bracts, calyx and leaves had been
revealed. The populations differ in number of glandular and non-glandular trichomes, as well as in
dates of beginning and full flowering of clones.
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In 2010-2011 Latvia has been participating in research of oregano wild populations within the
international project “Conservation and characterization of oregano (Origanum vulgare L.) wild
populations in Europe”. In this project, the author made the scientific herbarium specimens of oregano
from three wild populations (Cesvaine, Vietalva and Pure). These specimens have been made
recording to the methodology of Herbarium RNB and Plant Identification Service by University of
Reading (UK). The plants for the herbarium had been selected so that to present the morphology of
oregano as well as the qualitative and quantitative indications of vegetative and generative organs at
most. One complete set remained at the Institute of Agrobiotechnology of Latvia University of
Agriculture. Another complete set was sent to the Institute for Applied Botany of the University of
Veterinary Medicine in Wien.

Figure 2. Example of herbarium specimen, Cesvaine wild population (by I. Sivicka, 2011).
The research of genetic structure, carried out within the project, revealed that local populations of
oregano are very closely related to populations from the West Balkan countries and do not have their
next relatives in populations from Central Europe (Lukas et all., 2011). This fact can be explained by
intricate history of oregano arrival to Latvia from European countries (Žukauska, 2008,
, 2000, Sulzberger, 1995).
The results of this international project showed that the essential oil composition of oregano is variable
with obvious appearances of different chemotypes: carvacrol and/or thymol type, linalool type or
sesquiterpene type (Lukas et all., 2011).
Latvian oregano populations belong to the sesquiterpene type. Local populations are rich in
sesquiterpenes with the main predominant sesquiterpene compounds B-caryophyllene (till 11.6%),
germacrene D (till 15.3%) and caryophyllene oxide (till 13.9%). Populations are also rich in
germacrene B-4-ol (till 4.1%). Although Latvian oregano does not belong to linalool type, the linalool
content in local oregano is sufficiently high (till 2.5%) in comparison with populations of other
countries (Lukas et all., 2011). This index of content shows that local oregano has calming and
distressing effect (Scott, 2010). Local populations are not rich in carvacrol and thymol. The content of
these components is not more than 0.2% (Lukas et all., 2011). The summary of biochemical analysis
of Latvian oregano shows high essential oil variability in clones. Thus, it is necessary to continue the
research and selection of clones with the highest oil content and the richest oil composition.
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4. OREGANO EX SITU CONSERVATION IN LATVIA
In Latvia, the purposeful creation of ex situ collection of spice- and medicinal plants practically has
not been carried out till the beginning of 21-st century (Žukauska, 2002, 2007). The separate
accessions are growing in private collections, in the National Botanic Garden of Latvia, in the Botanic
Garden of the University of Latvia, at Bulduri technical school of horticulture (Žukauska, 2008).
There are quite many units of plants in these collections. However, usually all species, including
oregano, are presented by one or a few clones. These collections are created with a purpose to acquaint
the interested people with specific diversity of spice- and medicinal plants in Latvia.
The similar collection had also been created in the Institute of Agrobiotechnology of Latvia University
of Agriculture since 1960s. Since 1994, this collection is purposefully supplemented with genetic
resources of spice- and medicinal plants. The most intensive work in this direction started after the
year 2000. For now this ex situ collection of spice- and medicinal plants is a fundamental collection in
Latvia. Its GPS coordinates are 23º45`13``E/56º39`47``N. The collection is attached to the laboratory
of cultivated plants and apilogy (Jelgava, Strazdu Street, 1).
There are 120 clones of 13 species of spice- and medicinal plants in this collection. In 2001-2006,
thanks to different international projects the resources of oregano had been added to this collection.
The plants had been collected using the method of E. Muižar ja. The main point of this method is the
initial visual division of an area into squares and zigzag passing though these squares, as well as the
random gathering of accessions.
The oregano collection had been planted in 2008 and reconstructed in 2009. There are 3 rows of
oregano and 3 repetitions of each clone. The oregano ex situ collection scheme is presented in Table 1.
Table 1. Oregano ex situ collection scheme
Direction

1st row

2st row

3st row

9
27
17
1
18
12
19
4
2
14
26
16a
28
42
7
13
24
15

45
11
11a
34
29
29a
30
39
43
40
36a
37
31
16
36
22
41
3

8
44
10
5
6
32
20
38
23
33
25
21
35

For a year 2012, there are 45 clones of oregano in ex situ collection. The scheme shows that a-named
clones transplanted separately. These clones are considered to be potentially the most productive. In
the process of selection of wild clones the GPS coordinates had been registered, the topographic
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descriptions of places as well as the morphological descriptions of plants had been made. All these
data are registered in a system of Nordic Gene Bank.
The collection visually shows the morphological diversity of clones. Variations of plant growth habit
and height, number of stems per plant, branching density, density of foliage, number of internodes,
stem pubescence, colour of stems, leaves, flowers, bracts and seeds, shape and texture of different
plants` parts, resistance to diseases and pests, biotic stress susceptibility, date of beginning of
flowering and others characters can be studied using this collection. The variations of oregano in
flower colour is shown in Figure 2.

Figure 3. Oregano variation in flower colour, ex situ collection`s clones (by I. Sivicka).
5. TASKS FOR FUTURE
In comparison with other European countries, oregano genetic resources in Latvia are explored
insufficiently. Despite existing ex situ collection at Latvia University of Agriculture, it is necessary to
monitor the wild populations so that to notice and fix all the changes of their structure.
It is necessary to give more consideration to ex situ collection, therefore the following tasks are
suggested for nature:
-

to study the morphological, biochemical and genetic diversity of clones using Draft Descriptor
List of oregano;

-

to study genetic structure of clones by exploring their genetic covariance;

-

to study the content of vitamin C in fresh leaves in spring and autumn;

-

to study the changes of content and composition of essential oil in vegetation period;

-

to study the changes of content and composition of tanning agents in vegetation period;

-

to study the possibility of in vitro propagation of a clones;

-

to select the most productive clones for their future cultivation.

The implementation of these tasks will make a valuable contribution to researches of local genetic
resources of oregano. These researches will help to reveal and prove the diversity of oregano clones in
Latvia as well as the importance of oregano conservation.
6. CONCLUSIONS
This article summarizes the old and the latest information about oregano wild populations in Latvia
and includes the author`s personal results. It defines the importance of ex situ conservation of oregano
as well as the necessity to continue the researches of selection of the most productive clones. The
suggested tasks for future are the basis for next experiments.
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MEASUREMENT TOLERANCE ANALYSIS OF SOLAR RADIATION
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Abstract
Solar radiant energy is basic and almost the only one source of heat for Earth´s surface and for
atmosphere, and almost the only one source of energy for physical processes. Solar energy is one of
the most available and the most ecological energy source. Currently the firm Kipp&Zonen belongs to
prominent producer of sensors for measuring of global radiation. These sensors are the most used in
our country and also in network of meteorological measurements of WMO. Therefore the two types of
measuring sensors for global radiation (pyranometer PMP6, CMP11) in comparison with calculation
method Savin-Angström are analysed.
Key words: global radiation, pyranometer, Savin-Angstöma method
1. INTRODUCTION
One of the most important agricultural requirements is information about condition and progress of
atmospheric environment, which influences evolution of vegetation, diseases and pests and other
prognosis. One of the most important and the most monitored component is global radiation, which is
the main subject of our study on meteorological station Nitra. Global radiation is sun radiation which
incidents on Earth´s surface. As it is introduced in Kanuk, J (2007) solar radiation is the most
important energy source, following the most processes in land to work. Radiation input power to
biological systems determines a lot of processes in system soil-plan-atmosphere. Besides biological
processes (photosynthesis, respiration, water and substances transport in plants, and others) underlie
through the energy balance also evapotranspiration and by that influence the total water balance.
2. MATERIAL A METHODS
Systematically monitoring of atmosphere condition started on Slovak Agriculture University in 1961.
The original localization of meteorological station did not fulfil the conditions for meteorological
observation activity; therefore the new automatic meteorological station was initiated into running in
Botanical Garden of Slovak Agriculture University in Nitra, in 2007. Later, in 2009 were additionally
to it built a specialized centre for measuring UVA, UVB and global radiation. Measurement and
registration of global radiation is systematically done with using two separate datalogers situated at
each station. Pyranometers from leading producer Kipp&Zonen are used. Automatical meteorological
station AWS 200 is equipped with pyranometer CMP6 and specialized centre for global radiation is
equipped with pyranometer CMP11 (fig. 1).
CMP 6 has a similar detector to CMP 3, but has improved performance due to the increased thermal
mass and the double glass dome construction. It is recommended for cost-effective, good quality,
measurements in meteorological and hydrological networks and agriculture.
CMP 11 uses a different detector design with temperature compensation. It is a step up in performance
from CMP 6 and particularly suitable for upgrading meteorological networks. The faster response time
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meets the requirements for solar energy research and development applications. CMP 11 is also ideal
for use in sun tracker based solar monitoring stations.
Table 1. Kipp&Zonen sensor specification
Specification

CMP 3

CMP 6

CMP 11

CMP 21

CMP 22

ISO CLASSIFICATION

Second Class

First Class

Secondary
Standard

Secondary
Standard

Secondary
Standard

Response time (95%)

18 s

18 s

5s

5s

5s

Zero offsets
a)

Thermal radiation

15W/m2

12W/m2

7W/m2

7W/m2

3W/m2

b)

Temperature
change

5W/m2

4W/m2

2W/m2

2W/m2

1W/m2

Non-stability (change/year)

1%

1%

0,5%

0,5%

0,5%

Non-linearity
W/m2)

1%

1%

0,2%

0,2%

0,2%

20W/m2

20W/m2

10W/m2

10W/m2

5W/m2

5%

4%

1%

1%

0,5%

(0

to

1000

Directional error
(up to 80°with 1000 W/m2
beam)
Temperature dependence
of sensitivity

(-10°C to +40°C)
2

Tilt error (at 1000 W/m )

1%

(-10°C to +40°C)
1%

(-10°C to +40°C)
0,2%

(-20°C to +50°C)
0,2%

(-20°C to +50°C)
0,2 %

Other specifications
Sensitivity

5 to 20 V/W/m2

5 to 20 V/W/m2

7 to 14 V/W/m2

7 to 14 V/W/m2

7 to 14 V/W/m2

Impedance

20 to 200

20 to 200

10 to 100

10 to 100

10 to 100

Level accuracy

1°

0.1°

0.1°

0.1°

0.1°

Operating temperature

-40°C to +80°C

-40°C to +80°C

-40°C to +80°C

-40°C to +80°C

-40°C to +80°C

Spectral range (50% points)

300 to 2800 nm

285 to 2800 nm

285 to 2800 nm

285 to 2800 nm

200 to 3600 nm

Typical signal output for
atmospheric applications

0 to 20 mV

0 to 20 mV

0 to 15 mV

0 to 15 mV

0 to 15 mV

Maximum irradiance

2000W/m2

2000W/m2

4000W/m2

4000W/m2

4000W/m2

Expected daily uncertainty
Recommended applications

10%
Economical
solution for
routine
measurements in
weather stations,
field testing

10%
Good quality
measurements for
hydrology
networks,
greenhouse
climate control

10%
Meteorological
networks, PV
panel and thermal
collector testing,
material testing

10%
Meteorological
networks,
reference
measurements in
extreme climates,
polar or arid

10%
Scientific research
requiring the
highest level of
measurement
accuracy and
reliability

For measurement evaluating accuracy of different pyranomters types in comparison with used
methodology of modified method for radiation calculation following the Savin-Angström we came
from Kipp&Zonen data, so the pyranometer CMP 11was determined as standard for measurement
accuracy. This pyranometer reaches aberration less than 0,2% on 1000 W/m2 (Tab. 1). Several chosen
months were analysed (March, April, May, June, July and October) in 2010 and 2011 and values of
global radiation were monitored and recorded in 1-minute step. Consequently the recorded values of
global radiation were compared with calculated values (from sunshine) according mentioned Savin-
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Angström modified method for calculation of global radiation. Sunshine duration was observed with
heliograph Campbell-Stokes.

Gi

G 0i . . 1 l 1

s
so

[k.Wh.m-2]

Gi – global radiation in month i [k.Wh.m-2]
G0 – global radiation of clear sky in month i [k.Wh.m-2]
k – coefficient of reflection and diffusion
s - sunshine [h]
so – astronomical sunshine [h]

Fig. 1 Demonstration of pyranometer CMP 11 and CMP 6 on meteorological station

Fig. 2 Demonstration of Campbell-Stokes for measurement of sunshine
3. RESULTS AND DISCUSSION
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Experimental measurements processing of global radiation in Nitra were obtained several
characteristics. Values of global radiation according modified Savin-Angström methodology and by
direct measurement with using CMP 6 and CMP 11 are listed in figures 1- 12.
6

6

March 2010

4

G [kWh.m-2]

G [kWh.m-2]

4

2

2
0

March 2011

1. 3. 5. 7. 9. 11. 13. 15. 17. 19. 21. 23. 25. 27. 29. 31.

CMP-6

0

1.

Days

3.

5.

7.

9. 11. 13. 15. 17. 19. 21. 23. 25. 27. 29. 31.

Days
CMP-11

CMP-6

Fig.1 and 2. Comparison of global radiation course measured with CMP 6, CMP 11 and SavinAngström calculation method (March; 2010, 2011)
10

10

G [kWh.m-2]
5

0

April 2011

G [kWh.m-2]

April 2010

5

1.

3.

5.

7.

9. 11. 13. 15. 17. 19. 21. 23. 25. 27. 29.

CMP-6

0

Days

1.

3.

5.

7.

9. 11. 13. 15. 17. 19. 21. 23. 25. 27. 29.

CMP-6

Days

Fig. 3. and 4. Comparison of global radiation course measured with CMP 6, CMP 11 and SavinAngström calculation method (April; 2010, 2011)
10

10

5

0

May 2011

G [kWh.m-2]

G [kWh.m-2]

May 2010

5

1. 3. 5. 7. 9. 11. 13. 15. 17. 19. 21. 23. 25. 27. 29. 31.

CMP-6

Days

0

1.

3. 5.

7. 9. 11. 13. 15. 17. 19. 21. 23. 25. 27. 29. 31.

CMP-6

Days
CMP-11

Fig. 5. and 6. Comparison of global radiation course measured with CMP 6, CMP 11 and SavinAngström calculation method (May; 2010, 2011)
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From calculated and measured values may be seen differences between CMP 11 standards and data
measured with pyranometer CMP 6 and calculated values of global radiation. We made sure, that
values measured with CMP 6 in comparison with secondary standard CMP 11 (Table 2 and 3) are
lower about 20 % what correspond with level of accuracy established by producer (first class) of
sensor CMP 6.
Tab. 2. Percentage difference of global radiation values CMP 6 sensor and Savin-Angström method
compared with CMP 11 sensor values (2010)
Sensor
CMP 11 vs. CMP 6 (%)
CMP 11 vs. S-A (%)

III.
20,2
7,0

IV.
24,7
11,3

V.
18,0
4,6

2010
VI.
23,7
5,5

VII.
25,2
8,9

X.
15,9
8,4

Sum
22,1
7,5

Tab. 3. Percentage difference of global radiation values CMP 6 sensor and Savin-Angström method
compared with CMP 11 sensor values (2011)
Sensor
CMP 11 vs. CMP 6 (%)
CMP 11 vs. S-A (%)

III.
16,3
7,0

IV.
19,7
5,7

V.
21,7
6,5

2011
VI.
16,9
2,0

VII.
19,7
4,0

X.
20,5
12,5

Sum
19,2
5,5

Differences of measured values between each sensors may be caused by greater non-linearity mistake
of sensor (1% - (0 to 1000 W.m-2), or mistake caused by sunrise and sunset i.e. directional error (up to
80°with 1000 W.m-2 beam), but also because the sensor CMP 6 do not have integrated temperature
compensation and therefore it has higher temperature dependency.
Similar situation is comparison of global radiation which was calculated according modified SavinAngström method and CMP 11 sensor. Presented difference was 5% in adversum to the measured
values of CMP 11 standard (table 2). These differences may be caused by input data about sunshine.
Entering value of sunshine (in hours) with using Savin-Angström methodology do not take into
account the intensity of global radiation in different time period during the day.
4. CONCLUSION
At the end it is possible to say that in comparison with pyranometer CMP 11, which is used within
World Meteorological Organization seems mentioned calculation method of Savin-Angström for our
geographical latitude more accurately for determination of global radiation than measurements make
with using pyranometer CMP 6.
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Jaroslav Morkus 1, Rudolf Kampf1
1

University of Pardubice, Jan Perner Transport Faculty, Department of Transport Management,
Marketing and Logistics, Studentská 95, 532 10 Pardubice, Czech Republic

Abstract
The paper is based on the theoretical foundations of generally accepted conclusions within the study
area. Another starting point will be documents in the problematic area published in the Czech issued
in the Czech Republic, or possibly in the European Union. Other sources are also Internet resources
due to a lack of professional publications in this field. The overview of the development situation of the
cycle tracks takes aim this article in the Czech Republic.
Key words: cycle path, cycle track, cycle tourism, politics, project
1. INTRODUCTION
Recreational cycling and cycle tourism as an active part of our lives reach up during the last years
huge popularity and it undoubtedly ranks among the most popular forms of recreational sports and
family and individual tourism. The bicycle has evolved in sports equipment from the previous
cheapest transport vehicle and it has become an ideal way to spend a leisure time. The cycling is not
only way to travel from place to place for many people but they have chosen the cycling as an ideal
way of spending holidays in the countryside. The biking combines the ability to move over the
countryside, visits tourist attractive and interesting places, takes care of our health and is
environmentally friendly.
The cycling is a kind of sport which is known as a recreational physical activity component forming
the leisure time and lifestyle. It performs the functions of health and relaxation, includes moments of
competition, power, ventilation controlled aggression, belonging to the group. Cycling belongs to
physical activity that has a great influence on the intellectual, physical and social development of
personality. It is an active and expanding concept of leisure time, than it is about the harmonious
formation of personality, its development in the somatic mental and psychosocial areas. Sport is not
only important for mental and physical development of the individual and then the whole society, but
also has its economic benefits. This sector has a significant role in the state, which can be considered
share of the sport in the gross domestic product, ranking sports among sectors, employment, which it
has raised in the number of active athletes, sports organizations and the number of household
expenditures on sports products and services or expenditures of state budget requirements company in
the field of sport.
2. SUPPLY AND DEMAND OF CYCLE TOURISM IN THE CZECH REPUBLIC
This part analyses the behaviour of individual economic entities (individuals, households, businesses,
public sector) in the market associated with the construction of bicycle paths. The demand side in our
case is primarily used individual expenses, i.e. expenses from the family budgets, but also those others
entities operating independently in the market - companies, local budgets and expenditures from the
state budget. Supply side is represented by a low level of business sector, with increased participation
of NGOs and the largest share of state and local authorities. Products (i.e., a conflict results in supply
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and demand in terms of new places for cycling) are the newly built miles of trails, or if in-line paths.
The microeconomic research also includes analysis and related support activities related to production
of final goods and services in-line skating: Skate manufacturers, utilities, clothing, as well as
equipment and buildings (e.g. specialized shops with skates, specialized in-line ovals) or Tourism
associated with skating (accommodation, catering facilities).
2.1. Cycle tourisms supply in Czech Republic
The cycling in the Czech Republic has experienced a huge boom in recent decades. Prerequisites for
the development of specific forms of tourism have been great our republic. It has quite a varied and
rugged topography with different types of landscape - plains, hills and mountains, as well as numerous
cultural, historical and technical monuments and natural beauty. Distances are not great, for one day
when you can get a sportier driving pace from Prague to the northern border of Bohemia, just it is
possible to cross from sunrise to sunset a large part of the Šumava along the border or make a whole
range of Jizera mountains. It isn’t certainly an impossible goal to pass all parts of Bohemia whether in
day or overnight trips and to discover the magic of all regions and sunken places.
The public sector provides the construction of the nature of cycle paths as a public good and therefore
the supply curve is shifted to the right and down, which leads to higher consumption of „the product”
under consideration than in the current market environment. However, for small parts the business
sector has involved in the construction of trails, which seeks to maximize profits.
Cycling can be categorized according to the environment in which it will be operated. This is related
to the use of different types of bicycles:
Road bikes - for cycling on the roads;
Mountain bikes – specially designed bikes for movement in the terrain;
Trekking - an intermediate step between the two previous;
City bike - for urban cycling.
According to the publication (Bartos, 2007) can be as basic distributions of cycling include:
Driving to work, employment, school;
Recreational cycling;
Hobby cycling landscaped;
Sports.
2.2. Transport infrastructure for cycling in the Czech Republic
Primarily roads except motorways and forest, field and mountain roads can be used for normal
cycling. The net of asphalt roads in the Czech Republic is very extensive. They are obviously ideal
those that have a smooth surface without holes, a sufficiently clear and safe. In this direction the
Czech Republic has lagged behind the western world, roads are often broken. Likewise, special
asphalt trails for bikers is minimum.
2.2.1 Definition of bicycle lane and cycle path
The bicycle lane is a road or a lane marked by a traffic sign and reserved only for cyclists. Automobile
and motorcycle traffic is excluded from it. Rules of the road, however, allow the use of cycling as an
in-line skaters and skiers. A comprehensive network of bicycle lane can be found in many countries of
Western Europe and in some, in terms of field conditions, favourable Czech cities (e.g. Hradec
Kralove, Pardubice, Olomouc). In accordance with the modern trend of reducing private car traffic in

269

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
cities in favour of public transport, cycling and walking to cycling gradually begin to appear in all
cities Republic (including Prague and Brno) and their surroundings. Cycling regions concept then
calculate with a gradual linking isolated into a comprehensive network of bicycle lane and the
emergence of major and minor regional cycling corridors.
The cycle path is a transport route runs along roads, local roads and purpose road , which is in terms of
safety and traffic flow suitable for cyclists and traffic is marked according to the law on road traffic
and its implementing regulations and relevant technical regulations for traffic signs cyclists. As cycle
path we will be also indicate sometimes self-definition cycle tourism path, which represents the
transport route by road, local and special-purpose road, which is the conservation of nature and
practicability suitable for running and cycling, cycle is marked by signs. Cycle path are marked in the
CZ since 1997, marking the belt. Since 2001, special directional signs are used for marking bicycle
routes established by Decree No. 30/2001 Coll.
2.2.2 System of marked cycle routes in the Czech Republic
For the needs of cycle tourism are most suitable marked trails and bicycle paths. A relatively dense net
of uniformly signposted cycle routes is used for orientation in the field. Bicycle paths and trails are
located, according to recent surveys, over 1,900 km in the Czech Republic, which it is about as much
as 4.5 times higher in Germany. Czech Republic is with its density routes with bicycle markings
unique in Europe. After all the neighbouring Austria is indicative around 10 thousand, Switzerland
8500 and Slovakia 5500 km of bicycle paths and trails.
The organization Czech Tourist Club (KCT) performs most of the signs marking the bicycle, which is
subsidized by the Ministry for Regional Development CZ. KCT in the Czech Republic coordinates a
whole net of hiking and biking trails, and he takes care of manufacturing and installing signs and signs
for off highway stretches along the bike trails and bike maintenance he provides throughout the Czech
Republic in cooperation with regional representatives and sponsors KCT. Routes and trails are not in
the CR that are created by other entities such as the Partnership Foundation (Greenway Trail),
individual municipalities or private entities. Determine the actual length of routes is difficult, because
some are not integrated into the national system. In particular local cycling routes and often arbitrarily
based on grants received by municipalities and micro regions. The result of this activity is a net of
marked cycle routes in different ways and doesn’t follow each other stretches of cycle paths. Recently,
this lack of awareness of regional authorities and actively take on the role of coordinators cycling
infrastructure on its territory.
Fig. 1. Views of marking cycle routes in Czech Republic

Source: http://www.kct.cz/turisticke-znaceni/cykloznaceni
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2.3. SWOT analysis cycling in Czech Republic
•

•
•

•

•
•
•
•

•
•
•
•
•
•

•

•
•
•

•

Strengths
support for cycling and mountain biking
Czech Republic in international agreements,
policies of individual ministerial departments
support for cycling in regions and cities
inclusion of bicycle transport in the newly
processed territorial plans of cities and
villages
willingness to participation of a large number
of partners (government, local government,
academic community, NGOs, foundations
and others)
cycling and cycle tourism is the most
common leisure activity
existence of conditions bicycle transport for
the application of research
good internet promotion of cycle tourism
involvement in international cooperation

Opportunities
noise and emission reduction, especially in
cities
developing the principle of partnership
between different organizations
extension of the system prevention of road
traffic safety
increasing visitor numbers previously
overlooked areas through new bike trails
possibility of draw financial means from EU
funds
possibility of using country roads to build
cycle paths within the complex land
consolidation
in building up new cycle paths create
opportunities for sport activities for disabled
citizens
support for promotion and marketing cycle
buses
bicycle transport participation in integrated
transport systems
support for small and medium enterprises in
the production of spare parts and service
bicycles
economic revival of rural areas through new
services
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•
•
•
•

•
•

•
•
•
•

•

•
•

Weaknesses
absence of a comprehensive net of cycling
routes
insufficient total length of some routes
insufficient research of an intensity bicycle
transport, accidents
unresolved question of stewardship and
maintenance of cycle routes information
signs
unresolved issue of coordination of
investment in cycling routes
high accident rate of cyclists

Threats
poor communication strategy to promote
cycling strategy
unused dikes and territory along the rivers for
cycling
damage to the ecological stability of the
territory
insufficient supply of additional services
along cycle routes (accommodation, catering
and other services)
unregulated development of cycle tourism
with a negative influence on the specific
protection localities
unresolved question of some negative
legislative conditions
lack of will to build supporting services
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2.4. Analysis of the demand
Destination marketing organizations have to conduct on going market analysis to find, develop and
use marketing opportunities, which includes collecting and evaluating information from the macroenvironment, task environment and the company's own destination marketing. Research needs,
desires, attitudes and preferences of the client is the foundation of marketing planning.
If we want to know how and why visitors choose a destination, we must understand the external
factors that influence their decisions. One of the tasks is the identification and evaluation of
information regarding the status and developments on the demand side of the tourism market. Demand
is mainly due to interest tourists and day visitors to the different types and forms of tourism, the tourist
potential of individual regions, attendance destinations, and marketing characteristics of groups of
clients in tourism, their interests and needs.
Demand for cycle tracks is developed based on the following decisions:
the structure of the demand preferences of cyclists;
the price level of goods and services demanded (in our case, the price for the use of trails in
the CR is zero, but the operation and use of trails and indirectly affect the price of equipment,
i.e. bicycle, tools, etc.);
the type, quality, technology and spatial distribution of bicycle trails;
Information about other physical activities and sports;
the scope of available free time;
the amount of income;
depending on the institutional conditions.
This demand doesn’t display too high elasticity due to the use of the trails is free in the Czech
Republic, i.e. the price is fixed and the number of paths used is still dynamically changing. However
the positive effects of increasing the elasticity of demand have other factors, for example the prestige,
style and trends that characterize the current cycling boom.
3. MACROECONOMIC ASPECTS OF CONSTRUCTION BICYCLE LANE
From a macroeconomic point of view it is important to examine the influence of sports sector (hence
the cycling) to gross domestic product, employment, balance of payments deficit and inflation.
According to several studies demonstrated that the stimulation of demand for physical culture (i.e.,
stimulation of demand for skaters use bike paths) is in turn to stimulate investment in physical culture
(i.e., construction of trails) and consequently an increase in GDP, employment and positive effects on
the deficit of balance of payments. Improving the investment patterns, which are an integral part of the
technical and social infrastructure at the local level, there is a quantitative change in the base which is
reflected not only in satisfying consumer needs better quality goods of physical culture, but also a
connecting changes in production related disciplines that make up his own production chain. These
eventually stabilize local GDP higher than the original level.
Aggregate demand can be directly influenced by the different incentives that lead directly to
consumers of products of physical culture, whether in the form of employer contributions to certain
sports (especially fitness, swimming, etc.) or the provision of such services free of charge to clients of
health insurance.

272

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
However the demand for bike paths is increasing regardless of the stimulation from the outside, so this
form of support aggregate demand is not as important as aid for the supply side. Considerable shifts
precisely that the aggregate supply curve to the right is based on a variety of aid, subsidies and grants
in the construction of bicycle lane play a big role. The interaction of aggregate demand and supply
cycle paths is therefore strongly affected by various aids, which has further influenced mainly by the
consumption of goods (the use of bicycle trails).
3.1. Construction of bicycle lane and its impact on GDP
The physical culture in general is an important factor affecting GDP, but if we include in this area all
the factors that created a multiplier effect, its importance is even greater. In-line skating and the
associated construction trails but do not constitute a substantial proportion of the total volume of
physical culture in the Czech Republic, primarily because of the youth of the sport.
A recent review of the Ministry of Education, Youth and Sports on the financing of sport in the Czech
Republic shows that the volume of the sports market in our country is calculated at 2% of gross
domestic product, according to a study on the European White Paper on Sport. Based on this study is
determined the size of the sports market in the Republic in 2008 in the range 46 to 60 billion Czech
crowns. The key revenue side of the state budget in the sport is the value added tax. Total government
revenue from the sports environment, take the amount of 8.8 to 11,400,000,000 Czech crowns, and
while expenditure from the state budget for the sport reach the absolute amount of 7.7 billion crowns.
Sporting environments are therefore acts as a net payer to the state budget with a balance of 1.1 to
3,700,000,000 Czech crowns. This analysis is the first comprehensive attempt to map the size of the
sports market and its benefits for the state budget. It is obvious that sport contributes significantly to
the state budget, although not nearly as financially supported, as should. These data and conclusions
can be seen in the following chart.
Fig. 1 The state budget income from sports market (2008)

11,4 mld.
CZK

Source: MŠMT a OV, Analýza financování sportu v eské republice, 2009

From the above graph and text highlights the need for greater promotion of the sport sector of the state
mainly due to revenues that can generate this area. It offers the chance to promote the market with
innovative sports, which have great future potential. Investment in construction of trails for bikers and
skaters are one of the possible options that would allow not only building quality facilities for the birth
of new athletes.
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If we take a closer look at the total direct impact of physical culture, respectively sport sector to GDP
using the expenditure approach, it is the sum of consumption spending, investment spending,
government spending and net exports.
Consumption spending expenditure for each mean by physical activity in its broad sense, i.e. different
groups of products, from sports and gymnastic equipment, tools, instruments, to sports clothing and
shoes of various kinds, to the special nutritional or medical products. The most common consumer
spending expenditures are directed to the most popular sports. Because in-line skating in these years
experienced its peak, expenditure on purchasing skates, equipment, clothing, cost of service skating,
skating school hours, the expenses of traveling away for in-line path, etc. are still growing, however,
despite the below is not particularly large share of total expenditure in the field of physical culture.
The investment costs can sort any investments gym and recreational nature, investment performance
and top sports investment or commercial character. Inherently to these expenses include the provision
of technical infrastructure, which is organizationally linked with investment in physical culture. For
example, cycling is primarily an activity building, so the actual construction of trails, parks, ovals and
recreational areas. Government spending on cycling is the most important item in the field of cycling,
without these expenses would not be possible to build trails. I mean expenditure primarily from
municipal budgets, which play an essential role in the construction of trails. Due to the nature trails as
a public good is the activity of local authorities is necessary.
Net exports are calculated as the difference between exports and imports of goods and services to
protect the physical education, sport and physical recreation. In the Czech Republic is a considerable
overlap of imports over exports because of the large number of branded and sports and leisure
clothing, shoes, tools, equipment, etc. produced in specialized multinational companies (Nike, Adidas,
etc.). The opposite is a positive influence on the general balance of payments, by contrast, the influx of
funds from the recreation movement of services (tourism) and organize various kinds of international
sports competitions and championships. As regards products related to cycling, are the products from
foreign competition are more desirable.
3.2. Construction of cycle paths and its impact on employment
Due to changing lifestyles and the ensuing growth of the importance of sport and recreation this area
has a significant influence on the existence of new jobs. According to a study of T. Dohnal in the
sports sector divide work profession (occupation) into two categories: sports and activities related to
sport. In the area of cycling as well as in many other sectors of sport dominated by the second category
is related to sports activities.
In terms of changing lifestyles and the ensuing growth of the importance of sport is an integral part of
leisure time and also one of the most globalized activities. The highest employment in the EU on the
field of sport has Great Britain and Ireland - about 0.95 % respectively 0.65 % of total employment
population of the country. The Czech Republic is the EU average with 0.33 %. For better illustration I
attach a table of states and their share of employment in the sport to the total employment. [3]
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Table 1 Share of employment in sport
0.1 – 0.3 % employment

Upwardly: Poland, Hungary, Slovakia, Italy, Greece,
Luxemburg, Estonia, Portugal, Latvia, Lithuania

0.3 – 0.6 % employment

Germany, Czech Republic, Belgium, Spain, France,
Austria, Finland, Denmark, Cyprus, Netherlands,
Malta

0.6 – 1.0 % employment

Sweden, Ireland, Great Britain

Source: DOHNAL, T., HOBZA, V., Sport jako perspektivní potenciál rozvoje zam stnanosti v EU, T lesná kultura Recenzované periodikum Fakulty t lesné kultury, Univerzita Palackého, 2. vydání, Olomouc 2008, str. 23-28

Generally we can say that the Czech Republic reached its employment level in the sport more
advanced countries of Europe (especially Germany, France, Finland), but really only a fraction of the
area may consist of cycling. Still, it is a positive trend that should continue to go well because the
current political parties have begun to address the issue of promoting more sports, which became one
of their political priorities.
The tourism is motivated by sports experts considered one of the most promising emerging economies
and an important area of European states. The immediate reason for this assertion is a demonstrable
change in habits of consumers and tourists, which is subject to long-lasting lifestyle changes. Tourism
motivated sport is an innovative product offering across regions and companies to adapt existing
products and services to new conditions and in the region to attract more newcomers. This direction of
travel allows regions to reduce extreme seasonal fluctuations in traffic and also to capture clients with
exceptional purchasing power. The expansion of cycling as a new sports phenomenon converges and
thus supports the dynamics of development of tourism related to sport. Options cycling can become an
innovative element in the services offered by tourism.
According to a study (Felderer et al.) conducted in Austria in 2006 is created a quarter of all tourism
impacts in Europe by sport. In this study it was also stated that it was possible in Europe to create 1.75
million jobs. The indirect effects by adding the number of jobs increased to about 4 million (Dohnal).
It is obvious that the sport sector and by extension, cycling has an impact on employment, even if
cycling does not excel a large share but still growing importance.
Table 2 Total length of cycle tracks 2009 – 2010
NUTS III

absolute
difference in km

Percentage to
total [2010,
%]

2009 [km]

2010 [km]

Prague

168,240

224,300

56,060

11,786

Central Bohemian Region

136,607

215,613

79,006

11,330

South Bohemian Region

88,745

105,878

17,133

5,564

Plze Region

82,861

119,556

36,695

6,282

Karlovy Vary Region

73,550

75,867

2,317

3,987

Ústí nad Labem Region

88,025

96,651

8,626

5,079

Liberec Region

42,644

44,277

1,633

2,327

129,625

139,768

10,143

7,344

Hradec Králové Region
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Pardubice Region

134,688

143,736

9,048

7,553

Vyso ina Region

42,710

47,883

5,173

2,516

South Moravian Region

127,909

161,638

33,729

8,494

Olomouc Region

158,407

171,290

12,883

9,001

Moravian-Silesian Region

148,166

181,164

32,998

9,520

Zlín Region

166,170

175,438

9,268

9,219

1588,347

1903,059

314,712

100,000

Total

Source: http://www.cyklostrategie.cz/strategie/info-statistiky/cyklostezky/

Fig. 2 Graph of percentage of total length of cycle tracks (2010 in %)

4. POSSIBILITIES FOR FINANCING CONSTRUCTION
Financing of cycle paths is very costly. A much cheaper option, which the city is a resort that currently
want to build cycle paths and bike lanes take place directly on the roads. However, the financial
demands of new construction are associated with a lack of support for sport in general. In the Czech
Republic has a long-term trend already inadequate public expenditure directed to the sport.
The average price per kilometre of new cycling route is about four to five million. According to the
Centre for Transport Research new cycling kilometre price is up to 6.81 million. It is not definitely a
small amount; it is possible financial support for their construction to obtain from several different
sources. This is the reason why many resort to the construction of bicycle paths and lanes, which are
much cheaper alternative development cycle net.
Even though it may seem at first glance, that funding is only trails in the hands of the public sector, it
is not. There have been cases of construction of cycle paths, behind which is a private investor who
financed the construction of bicycle paths only from its own resources.
The basic sources of funding can be included:
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National Resources
o

State budget

o

County Budget

o

City Budget

o

State Fund of Transport Infrastructure (SFDI)

European sources
o

European Regional Development Fund (ERDF)

Finally, I would like to suggest that during the processing of the article I came across an interesting
problem and that is lack of information and their total fragmentation. There is a place where all the
necessary information about the trails to collect. All the information is found on the web site of the
National cycling strategy, but even here the information is incomplete.
5. CONCLUSION
Czech Republic is a country cycling directly promised. The landscape offers a variety of natural,
technical, cultural and historical monuments. Almost half the population in the Czech Republic uses a
bicycle for recreational purposes, and this number continues to grow. As a means of transport are used
much less round residents. Development of cycling saw the greatest expansion after expansion of
mountain and trekking bikes. Sections were formed biking, travel agencies dealing with this subject,
began to publish a map of cycle routes, bike rentals and created a Web site focused on cycling. The
development of cycling has helped an increasing number of bike trails and cycle paths, which in recent
years originated in the Czech Republic. Looking at the cycle paths we see two different concepts.
Bicycle paths, which are part of cycling. Lead mostly on roads and roads and are intended to move
people from one place to another, such as the way to work, school, etc. On the contrary, cycling,
leading landscape around a variety of natural scenery serves to distract people from the cities.
The development of cycle paths were built in the Czech Republic over the past 20 years, many miles
of bicycle trails. The Czech Republic has considerable development potential cycling. I hope that this
potential will be further developed so well that the bike was not only seen as a tool for sporting
purposes, but also as a means of transport.
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Abstract
Study of the transformation of forest vegetation of Eastern shores of lakes Baikal and Kotokel has
been carried out to estimate the influence of recreation for these communities. Distinctions of trends of
anthropogenic successions due to the different environmental conditions of coastal forests are shown.
Increase of recreation impact for coastal forests may result in their total degradation.
Key words: coastal forest ecosystems, recreation, Lake Baikal, Eastern Siberia, indicator value
1. INTRODUCTION
At present time tourism and recreation business and corresponding infrastructure are under intensive
development in the Baikal region, especially in central part of Eastern shore of Lake Baikal (Buryat
Republic). Meanwhile unregulated tourism exerts destructively, particularly in recent decades,
therefore coastal forest ecosystems are exposed to strong recreation effect. Recreation impacts on all
structural and functional components of ecosystems, specifically vegetation suffer from it. In addition
vegetation has an important value as indicator of destructive processes in ecosystems (Rysin &
Polyakova 1987).
The purpose of this study conducted in 2006–2008 years was to estimate the recreation transformation
of coastal forest ecosystems of Eastern shore of Lake Baikal, especially flora and vegetation, as well
as to reveal the peculiarity of this transformation in connection with special environmental conditions
of Baikal’s shore. The study of recreation transformation of flora and vegetation of shore Lake
Kotokel, which is separated from Baikal by isthmus 1 km wide, was undertaken for comparison.
Nonetheless the geographic location plays leading role in differentiation of recreation successions of
coastal forest communities of Baikal and Kotokel lakes because climatic conditions and soils of their
shores are distinctly different, and floras and plant associations differ respectively. The climate
characteristics are shown in Table 1. Vegetative season on Baikal coast is short, the mean annual
temperature is lower, air humidity is higher in comparison to Kotokel coast. Permanent strong winds
are feature of Baikal coast (Agroclimatological directory 1960). Baikal coastal forests are developed
on sandy soils, while Kotokel coastal forests grow on loamy soils (Burenina et al. 2008).
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2. MATERIALS AND METHODS
The continental climate of Eastern Siberia becomes more temperate on the Baikal coast. Maritime
features predominate in summer and autumn and continental ones in winter when the lake is iced over
(Tjulina 1976). The climate characteristics of coasts of lakes Baikal and Kotokel are shown in Table 1.
Table 1. Climate characteristics of coasts of lakes Baikal and Kotokel
Study area

Temperature (average), C

Precipitation, mm
annual

XI-III

IV-X

Snow
cover,
cm

annual

June

January

Sum of
temperatures
above 10C

Kotokel

-3.0

14.0

-19.4

1179

398

62

336

16

Maksimikha

-1.5

10.6

-18.9

1106

438

123

315

26

Ust-Barguzin

-2.6

10.8

-22.6

1216

389

105

284

32

Chivyrkui

-2.0

13.5

-18.2

658

306

91

215

33

The study of vegetation transformation was performed on the sample plots. These sample plots were
located along transects from undisturbed native sites (control area) to strongly disturbed sites (bivouac
area) across intermediate stages (one or two). Information about condition and structure of tree, shrub,
grass and moss-lichen layers, condition and structure of forest floor and soils was assembled for
analyses. The areas of disturbed plots, intensity of recreation impact (relative density of recreants)
were taking into account too (Burenina et al. 2008). The floristic composition and cover-abundance of
vegetation layers were selected as basic indicators of vegetation conditions. The Braun-Blanquet scale
(r, +, 1, 2, 3, 4, 5) was used to estimate species cover-abundance in the releves.
Main types of Baikal coastal ecosystem are represented by Scots pine forests with undergrowth from
Rhododendron dauricum L. The dwarf shrub layer includes cryophilous and oligotrophic species as
Empetrum nigrum L., Ledum palustre L., Vaccinium vitis-idaea L. The moss layer is strongly
developed and generally represented by Pleurozium schreberi (Brid.) Mitt., Dicranum polysetum Sw.,
Hylocomium splendens (Hedw.) Schimp. These plant communities are related to middle boreal
subzone (Hamet-Ahti 1981). Our study was conducted in three areas of Eastern Baikal shore: coast of
Barguzinskij bay, Maksimikha village (later denoted as 2 – Maksimikha); coast of Barguzinskij bay,
Ust-Barguzin village (3 – Barguzin); coast of Chivyrkujskij bay (4 – Chivyrkui). Forests ecosystems
on the coast of Civyrkujskij bay are exposed to recreation impact weakly in comparison with ones of
Barguzinskij bay, because of the out-of-the-way location. Main types of Kotokel coastal (1 – Kotokel)
ecosystem are represented also by Scots pine forests with undergrowth from Rhododendron dauricum
L. But Vaccinium myrtillus L. and Pyrola rotundifolia L. are the dominants of dwarf shrub layer, and
the moss layer is weakly developed. These plant communities are related to southern boreal subzone
(Hamet-Ahti 1981).
Plant names follow Cherepanov (1995) for vascular plants, Ignatov and Afonina (1992) for mosses.
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A

B

C

D

Fig. 1. Strongly disturbed plant communities (A – stage 2 in Kotokel, B – stage 3 in Ust-Barguzin, C –
stage 2 in Maksimikha; D – stage 2 in Chivyrkui)
3. RESULTS AND DISCUSSION
Floristic composition and cover-abundance of vegetation layers are especially representative indicators
of the recreation impact on the plant communities (Rysin & Polyakova 1987). In addition the vector of
the succession is also very indicative as the plant communities are transformed under the influence of
recreation, because plant succession is performed as complex, but strongly directed gradient.
Cover-abundance of dwarf shrubs on the Baikal shore under increase of recreation impact is reduced
almost to zero but it is not followed by replacement with weeds and meadow anthropogenic herb
species (Fig 2). It can be explained by specificity of soil-environmental conditions of Baikal coasts,
because flora of Baikal region has few plant species which are capable to abundant growth on the
sandy soils (when the forest floor is destroyed) when climate is cold and moisture. In contrast the
extension of the recreation impact on the Kotokel shore leads to the elimination of Vaccinium
myrtillus L. and Pyrola rotundifolia L. and subsequent substitution with Trifolium repens L. and Poa
supina Schrader (Fig. 1A), which are usual dominants of disturbed habitats in Baikal region. That
scenario of recreation transformation of forest plant communities is repeatedly described in the
scientific literature (Rysin & Polyakova 1987).
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Fig. 2. Change of grass layer cover under the recreation impact
Cover-abundance of mosses and lichens is also always reduced under the recreation effect (Fig. 3),
because mosses and fruticose lichens (typical for boreal forest communities) are very unstable under
the mechanical actions.
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Fig. 3. Change of moss-lichen layer cover under the recreation impact
Species diversity of Kotokel coastal forest ecosystems is twice higher than the Baikal’s ones (Fig. 4).
Number of species is increasing by the first stage of degradation, because weed species penetrates to
vacant places on the pathways and bonfire sites. When the recreation impact increases (second and
third stages), many vulnerable plant species disappear, substantially forest perennial herbs.
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Fig. 4. Change of general floristic diversity under the recreation impact
When the recreation impact on the forest ecosystems of Baikal coast is moderate and short-term, there is
small expansion of floristic diversity due to penetration of plant species from adjacent meadows as it occurs
in Maksimikha village and Chivyrkujskij bay. When the recreation impact is considerable and long-term,
floristic diversity can be reduced strongly, as it may be seen in Ust-Barguzin village (Fig. 4). In such
places one can find the sparse plant communities consisting of Pinus sylvestris L., Rhododendron dauricum
L., Vaccinium vitis-idaea L. and Festuca ovina L. only (Fig 1B).
The main factor of recreation succession is trampling down, therefore its effect is similar with effect of the
grazing digression (Mirkin et al. 1989). In addition the solidification of upper soil horizons can lead to
their dehydration and respectively to decreaseavailability of soil moisture for roots especially of herbs
and dwarf shrubs (Burenina et al. 2008). The ordination of all releves were implemented in IBIS
software (Integrated Botanical Information System: Zverev 2007) using indicator value scales of
I.A. Tsatsenkin et al. (1978).
Ordination scatterplot of 13 releves (floristic composition of communities) of native and disturbed plant
communities is shown in Fig. 5. Humidification conditions of the coastal forest ecosystems are almost not
changed under the recreation impact, because annual sum of precipitation is sufficient and ground water is
close to surface of sandy soils. In Chivyrkujskij bay increase of humidification of disturbed
communities is occurring across by decrease of a shore relative to the water level. As a whole Baikal
coastal forest ecosystems are located by compact groups on the grazing digression scale due to the fact
that elimination of native forest species is not accompanied by the penetration of weed, meadow and
steppe species, which are tolerant for trampling down. In contrast the increase of recreation impact on
the Kotokel coastal forest ecosystems is resulting in the replacement of dominant plant species. The
transformation of vegetation is increasing, replacement of plant communities is occurring as it is
showing on the scatterplot (Fig. 4).
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Kotokel - stage 2
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Fig. 5. Ordination of plant communities under the recreation impact based on indicator values of
moisture and grazing digression(control – undisturbed native sites; stage 1 (in Ust-Barguzin – 1 and 2)
– weakly disturbed sites; stage 2 (in Ust-Barguzin – 3) – strongly disturbed sites
4. CONCLUSION
Thus our study shows that increase of recreation impact for the coastal forest ecosystems of Baikal
leads not to transformation of coastal forest ecosystems into the transitional anthropogenic
communities but is resulted into the irreversible destruction of plant communities and expansion of the
beaches (as near the Ust-Barguzin village). If the rate of the recreation impact will increase in near
future this phenomenon may involve the considerable part of Eastern shore of Lake Baikal. The
special experimental studies are necessary for assessment of feasibility of reconstructive succession of
coastal forest ecosystems. The effect of recreation on the forest ecosystems of Eastern shore of Lake
Baikal (time of attendance and number of tourists) must be limited.
REFERENCES
Agroclimatological directory for Buryat Republic (1960). Leningrad: Gidrometeoizdat (in Russian)
Burenina T.A., Spicyna N.T., Boloneva M.V., Balsanova L.D., Mikheeva N.A. & Skosyrskaya O.A.
(2008) Recreation consequences to forest ecosystems of eastern shore of Lake Baikal. In:

284

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
A.A. Onuchin (Ed.): Forests of Baikal Basin (condition, application and conservation). Krasnoyarsk:
Sukachev Institute of Forest SB RAS, pp. 77–112 (in Russian)
Cherepanov S.K. (1995) Vascular plants of Russia and neighbouring countries. Saint Petersburg: Mir I
Sem’ya (in Russian)
Hamet-Ahti L. (1981) The boreal zone and its biotic subdivision. Fennia, 159, pp. 69–75
Ignatov M.S. & Afonina O.M. (eds.) (1992) Check-list of mosses of the former USSR. Arctoa 1: pp.
1–85 (in Russian)
Mirkin B.M., Rozenberg G.S. & Naumova L.G. (1989) Dictionary of conceptions and terms of
contemporary phytoc enology. Moscow: Nauka (in Russian)
Rysin L.P. & Polyakova G.A. (1987) Influence of recreation application for vegetation. In: Natural
aspects of recreation application of forest. Moscow: Nauka, pp. 4–26 (in Russian)
Tjulina L.N. (1976) Humid Baikal type of altitudinal vegetation pattern. Novosibirsk: Nauka. (in
Russian)
Tsatsenkin I.A., Savchenko I.V. & Dmitrieva S.I. (1978) Methodical directions for environmental
assessment of forage lands in tundra and forest zones of Siberia and Far East. Moscow (in Russian)
Zverev AA (2007) Information technologies in studies of vegetation: Tutorial. Tomsk: TML Press (in
Russian)

285

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
RESEARCH AND EVALUATION OF THE ANTHROPOGENIC ACTIVITY IMPACT
ON THE SMALL RIVER BASIN WATER QUALITY
Lina Bagdži nait -Litvinaitien
Vilnius Gediminas Technical University, Saul tekio av. 11, LT –10223 Vilnius, Lithuania

Abstract
One of the main river water quality and environmental problems in Lithuania ispollutionwith biogenic
and organic substances. Urban wastewater and non-point source pollution from agricultural areas
are the main sources of river water pollution with biogenic substances. Hydrochemical indicators of
tendencies of change for the period of 1992-2010 were analyzed as well as thechange of point
pollution for the period of 2000-2010. The study included a field study, assessing the impact of point
pollution in Šilut town on the river Šyša water quality. The FYRIS model estimated the change in the
impact of general nitrogen on the river Šyša non-point and point water polution for the period of
1997–2006. Statistical correlations between the observed concentrations in the water quality and
those modeled were made.
Key words: water quality, surface water, modelling, biogenic substances
1. INTRODUCTION
Global research and analysis of the occurrence and level of water quality problems has shown that the
critical region in the world is Central and Eastern European countries. Lithuania also falls within this
category; therefore, the following relevant goals of surface water quality assessment arise: water
object quality state assessment, surface water quality prediction, regulation, rational distribution,
management , introducing measures aimed at reducing water pollution, etc. (Staniškis & Vincevi ien
1996). The constantly increasing impact of human activity on the environment and international
protection requirements growing stricter encourage the development of the management mechanism
for the interaction between human and nature. The main source of river pollution with biogenic
substances is urban wastewater and non-point pollution. The relative importance of the different
nutrient sources varies greatly between different catchments depending on anthropogenic pressures
and discharge (Stålnacke et al. 2004; Kronvang et al. 2005; Withers & Jarvie 2008). Therefore,
qualitative and quantitative determinations of nutrients (i.e. concentration and loadings) are required in
order to characterize and predict system responses. Rivers are particularly vulnerable due to their
proximity to population centres and sensitivity to land use changes (Withers & Jarvie 2008). Regional
differences in weather and the hydrological regime in catchments together with local variations in
nutrient emissions from various point and non-point sources have a great impact on the accuracy of
estimating the riverine loadings (Kronvang et al. 2007). The aim to reduce the N loading to
groundwater and marine areashas led to a number of national and international initiatives. In Europe,
the European Union has introduced two major directives to mitigate the effects of N emissions to the
environment. Firstly, the Nitrates Directive (1991/696/EC) was introduced in 1991, aiming at reducing
nitrate water pollution in the Nitrate Vulnerable Zones (NVZs) of Europe. Secondly, the Water
Framework Directive (2000/60/EC) was introduced in 2000 with the aim to preserve groundwater
resources and all surface waters in a state with only minor anthropogenic interference. As a result, N
transport has declined in many streams and rivers in Europe, although an upward trend has been traced
in some rivers, primarily in Eastern Europe, due to the recent intensification of agriculture (Kronvang
et al. 2008). Lithuania, similarly to other European countries, undertook to ensure good river water
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quality by 2015. Moreover, in the Helsinki Commission Ministerial meeting on environment that took
place in November, 2007 in Krakow, Lithuania, like other countries, undertook to drastically reduce
the entry of nitrogen and phosphorus to the Baltic Sea (HELCOM 2007).
Loading and retention of nitrogen and phosphorus in river basins are calculated by applying certain
mathematical polluter balance calculations or models. The mathematical calculation methods are
described in OSPAR and HELCOM manuals (OSPAR 2000) and HELCOM (HELCOM 1994;
HELCOM 2006; Brandt et al. 2006). These methods are applied in order to calculate loadings from
various pollution sources in medium and large river basins. Non-point pollution is determined by a
number of variable and fixed factors; therefore, it is very difficult to calculate it mechanically.
Recently, various methods have been used in order to calculate pollution loadings and balance in river
basins. River basin water quality management models can be grouped into two groups, according to
the description of impact and result relationship in the model: semi-empirical conceptual models and
physical (process-oriented) dynamic models (EUROHARP 2003; SWAR 2005).
Semi-empirical conceptual models are based on simpler empirical or statistical correlation functions
that possess physical grounds or use empirical coefficients only; therefore, their abilities to describe
water flow processes in the soil and those of nutrient leaching metabolism are limited (MIKE BASIN,
AGNPS, FYRIS). Therefore, semi-empirical conceptual models are more frequently applied in order
to solve basic water quality management problems.
Physical dynamic models describe processes in differential equations written considering the main
physical laws, which requires abundant and precise primary data on the time and space scale;
therefore, they are more frequently applied in analysing field or small river basins. Nitrogen and
phosphorus leaching into soil is simulated by separately modelling water catchment and the change in
nitrogen (mineral or organic) or phosphorus concentration. All main biological and chemical
processes of soil are simulated. Some models only simulate processes taking place in the surface soil
layer since it is here where the most intense leaching and erosion take place; these include CREAMS,
SOIL-N/SOILDB models. Other physical dynamic models also simulate the input of nutrients into
groundwater as well as surface water basins and, as a result, are applied for larger river basins; these
include N-CAT and SWAT. These models are usually applied in scientific analysis, while assessing
the impact of land cultivation, crop rotation and fertilization on surface and groundwater quality.
The number of globally applied conceptual and physical models is very high. Leslie Shoemaker et al.
(2005) describe 33 basin-type models applied in the USA.EUROHARP project report (EUROHARP
2003) describes 8 models applied in Europe. A number of models are also described in scientific
articles (Behrendt et al. 2002; Johnssone et al. 2002; Shoumans et al. 2000; Dam 2000; Simmelsgaard
2000; Šileika 1997).
The dynamic FYRIS model of the balance of nitrogen and phosphorus pollution was designed by Hans
Kvarnas (1996) for the river Fyris in Sweden. Later this model was improved many times until in 2008 a
FyrisNP 3.1 version was approved, which is suitable for the applicationin order to calculate the pollution
source identification in medium and large river basins.
The aim of this paper is to analyse and evaluate the river Šyša water quality that is determined by point and
non-point pollution, and to carry out the analysis of the change of nitrogen and phosphorus balance
elements in the river Šyša basin applying the Fyris model.
2. RESEARCH OBJECT AND DATA
The paper analyses the river Šyša basin. It belongs to the Western Lithuanian hydrological area. The
average annual catchment hydro module is approximately 12 l/s km2, the average yield in Šyša mouth
is approximately 4.7 m3/s. The watercourse length of the river is 56.9 km and the total basin area
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covers 391.5 km2 . The river concerned is attributed to the Nemunas river basin and the sub-basin of
Nemunas minor tributaries (including Nemunas).
In total, 14 named larger rivers and 5 nameless rivulets flow into Šyša. In dry summers the basin river
abates significantly and the lowest day yields in Šyša by Jonai iai are then 0.15 m3/s. The only slightly
larger (0.7 ha) lake of the old riverbed lies in the suburbs of Šilut town. The lower reaches of Šyša
belong to the Nemunas River Delta Regional Park that has now been extended significantly. The river
basin is distinguished by its asymmetry. It shows that two thirds of thebasin consist of the basins of the
left-hand side tributaries and only one third consists of the basins of the right-hand side tributaries.
According to Gailiušis et al. (2001), the left-hand side of the river Šyša covers 85 km2, and the righthand side covers 307 km2, the river asymmetry coefficient s is 0.57 and the asymmetry coefficient a is
0.28. The asymmetry of the basin shape influences the river water regime, since it takes longer for the
water of an asymmetric basin to reach the river and the catchment is longer compared to that of a basin
of a symmetric shape. Economic activity in the river Šyša basin varied in the period of 2000-2010;
some production companies went bankrupt and new ones appeared instead. According to the data of
the Environmental Protection Agency, in 2000-2010 there were 25 point pollution sources present,
their gully beingthe river Šyša.
Methods of Physical and Geographical Characteristics Evaluation
In order to evaluate physical and geographical characteristics, the influence of deposits and
agricultural areas on the distribution of catchment within the basin of the river Šyša was assessed. For
this purpose, the ground infiltration and agricultural area permeability coefficients were used (Kaunas
1996) as well as the vectoral data base of the cosmic view map of the Republic of Lithuania of the
scale of 1:50.000 (Cosmic... of the Republic of Lithuania LTDBK50000-V) and the Lithuanian relief
cadastre data (Baubinien et al. 2002).
The litological structure of the river basin as well as the composition of the soils may have impact on
the hydrologic river regime, namely, the higher the soil permeability to water, the greater the
accumulative ability of the river basin and the more stable the underground river recharging.
Therefore, when calculating the infiltration distribution in types of various deposits, the ground
infiltration speeds, otherwise called infiltration coefficients, and storage coefficient are evaluated. In
order to evaluate the impact of rainfall on the catchment when the deposit distribution varies
throughout the basin and agricultural areas prevail, the amounts of infiltration were calculated in two
cases: the one present during one of the strongest downpours and the average annual rainfall according
to the method presented by esnulevi ius (1998).
Field Study Methods
Having analysed the point pollution data collected by the Environmental Protection Agency during the
period of 2000-2010 in the Šyša basin, it was noticed that the majority of point pollution dischargers
are located in Šilut town. In order to evaluate what impact the wastewater releasedat the point
pollution sources in Šilut town has on the Šyša river water quality and to learn more about the actual
concentration of polluting substances in the river water before and past the dischargers, a field study
has been carried out. The largest pollution sources located in Šilut town were selected for the study.
These were UAB “Šilut s vandenys”, urban wastewater treatment company, AB “Biofuture” drainage
well system and UAB “Šilut s vandenys” Macikai urban wastewater treatment company (Fig. 2.1–
2.3).The measurement was carried out in January, 2011. During the research, 12 water samples were
taken in the river.
The first point pollution discharger selected was the biological treatment discharger in Macikai town
(located 11.8 km from the river mouth) (Fig. 2.1). Wastewater was discharged to the old riverbed and
it reached the river from there. Therefore, the first samples taken were the following: 500 samples 20
m upstream from the old riverbed and 20 samples 200 m past the old riverbed. In this area arable land
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and grazing land prevail, private vegetable gardens are located nearby the river and the bank is
covered in sparse trees. All these factors might influence the river water quality.

Fig. 2.1.The first point pollution object: UAB “Šilut s vandenys“ urbanwastewater treatment facility
in Macikai town (Maps.lt 2011) (Photos by Širvinskait )
The second point pollution object was UAB “Biofuture” (located 8.5 km from the river mouth) (Fig.
2.2). This company releases 4 dischargers into the river Šyša. One is a rainwater treatment facility
“Tera–16”, and the others, apart from wastewater treatment facilities, are used for cooling equipment
or discharge rainwater. The samples were taken approximately 200 m upstream from the dischargers
and around 50 m, 100 m and 200 m past the dischargers. The company is located in the town centre,
the river flows between residential houses, so the dischargers should affect the water quality in the
river.

Fig. 2.2 The second point pollution object: AB “Biofuture“ (Maps.lt 2011) (Photos by Širvinskait )
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The third and the last object, UAB “Šilut s vandenys” (Fig. 2.3), is the main discharger that deposes
nitrogen and phosphorus and has the largest number of biological wastewater treatment facilities. It is
located 5 km upstream from the river mouth. The samples were taken around 200 m upstream from the
discharger and around 5 m, 100 m and 200 m past the discharger. The area is flooded during floods,
which was the case on the day of sampling. Grazing land and arable land prevail, which should have
influence on the water quality.

Fig. 2.3The third point pollution object, UAB “Šilut s vandenys” urban wastewater treatment facility
(Maps.lt 2011) (Photos by Širvinskait )
The Application of the FYRIS Model in Evaluating Point and Non-Point Pollution
In order to evaluate the impact of the sources of pollution with general nitrogen on the river Šyša
basin, the conceptual FYRIS model was chosen. This model allows for sufficiently precise evaluation
of river water quality, identification of the impact of point and non-point pollution on the river water
quality as well as the evaluation of the amounts of a polluting substance from point and non-point
pollution objects. This model works by using average monthly data (water quality, temperature, yield)
and average annual data (point and non-point pollution). The model application scheme is presented in
Fig. 2.4. The process in the model is divided into several stages. Firstly, the basin concerned is divided
into sub-basins with water quality observation stations in them. Then point and non-point pollution
sources are identified in the sub-basins concerned. The last stage consists of the calibration of the
model and data submission.

Fig. 2.4 The principal scheme of the model FYRIS (Hansson et al. 2006)
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The data of the year 1997-2006 was used for the modelling since water quality parameters were
measured in the river Šyša upstream from Šilut until the year 2007 only.Temperature and yield data
were received from the Lithuanian Hydrometeorological Service (LHMS) and water and
pointpollution data were received from the Environmental Protection Agency. The data on the
agricultural areas in the sub-basins was received with the help of the vectoral data base of the Cosmic
View Map of the Republic of Lithuania of the scale 1:50.000 (Cosmic... of the Republic of Lithuania
LTDBK50000-V).
The changes of the amounts of biogenic substances in the river due to water self-purification through
the processes of denitrification and sedimentation are modelled by evaluating surface air temperature,
catchment and river surface area. The retention of polluting substances is evaluated in the polluter
retention coefficient RT:
Ta kvs
,
q s kvs

RT

(2.1)

Herekvsis empirical calibration coefficient indicating polluter sedimentation, qsis annual catchment
module of the river,Tais temperature correction factor established according to the following formula:
Ta

c0

0, T 0
T (1 c 0 )
,0 T
20
1, T 20

20,

(2.2)

here T is the average water temperature, c0is empirical calibration parameter indicating the reduction
of water self-purification in case of weather temperature dropping below 20 oC (Fig. 2.5).

Fig. 2.5 The dependence of empirical coefficient coon temperature Ta
One of the last stages of modelling is the calibration of the model. While carrying out the model
calibration, two parameters are changed, namely, the empirical self-purification coefficient indicating
polluter sedimentation kvs andcoefficientc0 indicating how much the self-purification decreases in case
of weather temperature dropping below 20 °C. In order to establish whether the results obtained
through the application of the FYRIS model correspond to the ones observed and aiming to properly
evaluate the reliability of the values received, model efficiency coefficient E as well as correlation
coefficient r are used.
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Model efficiency coefficient E is calculated according to Nash and Sutcliffe (1970) formula:
n

(
E 1

i 1
n

stb, t

mod,t

)2

(2.3)

,
(

stb ,i

vid
stb

)

2

i 1

here n is thenumber of observations (vnt),

vid
stb

isthe averages of all general nitrogen concentrations in

the river water established during the observations,

stb,t

and

mod, i are

observed and modelled general

nitrogen concentrations in the river water. When the model efficiency coefficient E = 1, it means that
the observed and modelled polluter concentrations coincide perfectly. When E> 0.5, the model
efficiency is very high, when Evaries between 0.4 and 0.5, the model efficiency is high and when it
varies between 0.3 and 0.4, it is satisfactory. When E< 0.3, the observation data row has to be
increased or mistakes in the data have to be found. When E = 0, it shows that the data of modelling
correspond only to the average of the data observed (according to linear response).
Statistical Evaluation of Water Quality Concentration Variation Data
Inoder to establish the relation between river water quality concentration variations, we calculated the
correlation coefficient and its reliability with an error of 0.05.

3. RESEARCH RESULTS
3.1. Influence of Physical and Geographical Characteristics on Catchment
The evaluation of the deposit distribution in the river Šyša basin showed that sand makes 43 % of all
basin area, glacial loam makes 53 %, sandy loam and clay make 2 % each. Sandy ground and that of
glacial loam prevail in almost the entire territory where Šyša flows (including below it). The
establishment of agriculturalarea distribution in the basin revealed that from the territorial aspect,
arable land dominates, taking up 77.9 % of all basin area. It prevails throughout the entire basin area.
Other agriculturalareas are not equally distributed in the basin: forest areas are located in the northern
part of the basin and take up 16.7 % of all basin area, while urbanized territory covers 5.39 %. Having
combined the maps of prevailing deposits and agriculturalareas (Fig. 3.1), it shows that the type of soil
basically determines the land use; namely, arable land areas prevail in the fertile territories of glacial
loam as well as in the sandy areas characterised by good infiltration features. Sandy soils and glacial
loam prevail throughout the entire Šyša basin.
The evaluation of the dependence of infiltration on various permeability features of the ground
revealed that the greater the ground permeability, the greater amount of precipitation could soak in it
(the filtration speed was higher). The calculations carried out showed that out of the maximum
precipitation amount during one downpour (during the period of 1979-2009, the highest level of
precipitation was registered on the 26th of July, 2007)as much as 94.66 % of precipitation is soaked in
and only 5.34 % remain forming surface catchment.
Therefore, the most part of precipitation goes down to the groundwater, melting various chemical
substances, and later it reaches surface waters too.
3.2. Water Quality Evaluation in the River Šyša in 1992–2010
One of the problems of river water quality is its pollution with biogenic and organic substances. The
amount of biogenic substances in river water is shown by general nitrogen and general phosphorus
concentrations. The majority of general nitrogen composition consists of nitrates, the other component
being ammonium nitrogen that is toxic to aqua fauna. The main biogenic sources of river water
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pollution are non-point agricultural pollution and urban wastewater. The concentration variation of
these substances depends on biochemical processes in the water. Higher biogenic concentrations may
result in eutrofication in slow rivers, which causes ecological conditions in water bodies. In order to
reach good ecological condition, it is necessary to reduce the river water pollution with these
materials.Following the EU requirements, the river water quality is determined according to physical,
chemical and biological parameter characteristics, Table 3.1.

Fig. 3.1 Deposit and agriculturalarea distribution in the territory of the Šyša basin (according to
Cosmic... of the Republic of Lithuania LTDBK50000–V; Baubinien et al 2002)
Table 3.1. River ecological condition classes according to physical and chemical quality element
indicators (Environment minister of the Republic of Lithuania..., 2010)
Quality element

Nutrients

Organic substances
Oxygenation conditions
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Indicator

River ecological condition classes according to physical and
chemical quality element indicator values
Very
good

Good

Average

Poor

Very
poor

NO3-N, mg/l

<1.30

1.30-2.30

2.31-4.50

4.51-10.00

>10.00

NH4-N, mg/l

<0.10

0.10-0.20

0.21-0.60

0.61-1.50

>1.50

Nb, mg/l

<2.00

2.00-3.00

3.01-6.00

6.01-12.00

>12.00

PO4-P, mg/l

<0.050

0.050-0.090

0.091-0.180

0.181-0.400

>0.400

Pb, mg/l

<0.100

0.101-0.140

0.141-0.230

0.231-0.470

>0.470

BOD, mg/l

<2.30

2.30-3.30

3.31-5.00

5.01-7.00

>7.00

O2, mg/l

>8.50

8.50-7.50

7.49-6.00

5.99-3.00

<3.00

O2, mg/l

>7.50

7.50-6.50

6.49-5.00

4.99-2.00

<2.00
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The data presented in Table 3.2 shows that the ecological condition in the river Šyša is improving;
however, not according to all chemical indicators. The average concentration of nitrate nitrogen and
general nitrogen fall within good ecological class. However, BOD7, NH4–N, PO4–P and Pbare still
attributed to the average ecological class, despite improvement noticed.
The chemical composition of a river is a reflection of the natural conditions in the entire basin as well
as human economic activity. Water chemical composition is determined by several interrelated factors.
Therefore, statistical analysis was carried out in order to evaluate the relation between various
concentrations determining the river Šyša water quality. Correlation coefficients between water quality
indicators and their reliability were calculated (Table 3.3).
Correlation coefficient values vary from the absence of correlation (statistically unreliable values) to
the correlation of average strength. Water quality concentrations mainly depend on the amount of
dissolved oxygen and water temperature, since the correlation between the two is of average strength.
Table 3.2.Ecological class evaluation in the river Šyša according to physical and chemical quality
element indicator classes
Date
Good ecological condition
indicator classes

BOD7
2,3–3,3

NH4–N
0,1–0,2

NO3–N
1,3–2,3

PO4–P
0,05–0,09

Nb
2,0–3,0

Pb
0,1–0,14

1992–1996

Very poor
7.71
Poor
5.57
Average
4.34
Average
4.21
Bad
5.45

Poor
1.13
Poor
0.65
Average
0.28
Average
0.30
Average
0.58

Good
1.42
Good
1.73
Very good
1.29
Very good
1.24
Good
1.43

Average
0.15
Average
0.10
Average
0.17
Average
0.12
Average
0.14

Average
5.43
Average
3.11
Good
2.20
Good
2.07
Good
2.75

Poor
0.26
Average
0.20
Bad
0.27
Average
0.21
Bad
0.24

1997–2001
2002–2007
2008–2010
1992–2010

Table 3.3.Correlations between water quality concentrations
Dissolved oxygen Temperature BOD7 NH4-N NO3-N
Dissolved oxygen

-0.63

-0.34

0.41

-0.43

-0.24

0.26

-

-0.55

0.43

0.14

0.54

-0.14

0.22

0.16

-

0.33

0.25

-

-

-0.63

BOD7

-0.40

0.26

NH4-N

-0.34

-

0.54

NO3-N

0.41

-0.55

-0.14

-

NO2-N

-0.43

0.43

0.22

0.33

-

PO4-P

-0.24

0.14

0.16

0.25

-
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PO4-P

-0.40

Temperature

Note.

NO2-N

0.18
0.18

Hyphens indicate statistically unreliable values (p> 0,05).
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The amount of oxygen dissolved in the water is one of the most important indicators when analysing
the river water quality. The most oxygen reaches the water from the atmosphere. As well as during
photosynthesis taking place in the water, when organisms containing chlorophyll omit oxygen when in
the light. The correlation between water temperature and dissolved oxygen concentration is of average
strength (r = 0,63), which is the strongest correlation of all water quality concentrations.
Biochemical oxygen consumption is the amount of oxygen needed for the biochemical oxidation of
organic materials present in the water under strictly defined aerobic conditions. The dynamics of
biochemical oxygen demand (BOD7) and dissolved oxygen variation in the river Šyša in the period
1992-2010 is presented in Fig. 3.2. As it is seen in Fig. 3.2, the lowest BOD7concentration in Šilut
town is decreasing significantly. The highest BOD7was 32 mg O2/l (April, 1996), which exceeds the
maximum allowable concentration (MAC) 8 times (4 mg O2/l). Biochemical oxygen demand was
extremely high in the years 1994, 1996 and 1997. The average of biochemical oxygen demand equals
to 5.45 mg O2/l. The graph shows that the BOD7variation decreases with years; however, during the
summer months when the amount of dissolved oxygen decreases due to temperature, it increases. The
correlation between the BOD7and dissolved oxygen is of average strength (r = 0,40). The average
value of the BOD7exceeds the maximum allowable concentration (MAC=4 mg O2/l) by as many as 58
% during the entire period in question. According to the BOD7indicator, organic substances in the
water of the river Šyša are abundant. Such water is attributed to the poor ecological condition class.
The highest amount of oxygen is consumed for the biochemical oxidation of organic substances in
summer. Then the BOD7 is twice as high as the MAC.

Fig. 3.2. Dynamics of BOD7and dissolved oxygen variation in the water of the river Šyša downstream
of Šilut town in 1992–2010
Ammonium nitrogen (NH4–N) in most cases comes from untreated household or animal husbandry
wastewater and the main nitrate nitrogen source is non-point pollution. Ammonium nitrogen
concentrations during the period concerned did not follow a stable variation pattern. Until the year
2000 the concentrations of this compound exceeded the MAC (0.78 mg/l) by 45 % but later they
decreased significantly down to 8 % and the minimum concentration would only reach 0.3 mg/l. The
pollution with nitrate nitrogen (NO3–N) of the water of the river Šyša is low. The maximum nitrate
nitrogen value was determined in March, 1998 (3.8 mg/l).The river is not highly polluted with
nitrogen substances.
Seasonal changes are characteristic of all forms of nitrogen compounds; therefore, ammonium and
nitrate nitrogen concentrations in the water of the river Šyša decrease significantly during the warm

295

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
period, as vegetation processes take place, while they can be almost completely used up when
intensive photosynthesis is taking place. Prior to the year 1998, significant excess of the MAC of
ammonium nitrogen is observed during spring, summer and autumn months (Fig. 3.3). The increase of
nitrate nitrogen concentrations takes place in winter and spring; however, the concentrations rarely
exceed the allowable limits.

Fig. 3.3.Seasonal change dynamics of ammonium nitrogen and nitrate nitrogen in the water of the
river Šyša during the period of 1992-2010
The nitrate nitrogen (NO2–N) concentrations during the period concerned exceeded the norm by 46 %.
The average nitrogen concentrations in the form of nitrates exceed the MAC (0.03 mg/l) in all years of
the study. Extremely high levels of pollution in the water of the river Šyša were reached in the period
of 1995-2000 (0.042–0.21 mg/l), and the value of nitrite concentration in May, 1998, was 0.21 mg/l,
which is 7 times higher than the MAC. Having compared the data of the years 1992-2010, a
significant trend of the decreasing concentration of pollution with nitrite nitrogen can be noticed.
Although the concentration of nitrite nitrogen is decreasing significantly, the river is not attributed to a
good ecological class due to human activity. Nitrite nitrogen concentrations of a good ecological class
are exceeded by 46 %.
In cases of the majority of rivers investigated, the nitrite nitrogen values increase during the cold
period; however, in the river Šyša the increase from 0.056 to 0.074 mg/l is observed during the
summer period (Fig. 3.4). Particular change in NO2–N is noticed almost every year when in summer
the concentrations of nitrite nitrogen exceed the MAC three times. The greatest increase in the
concentrations of NO2–N is noticed in the years1995–1999. The average for nitrite nitrogen is
0.04 mg/l. During the cold period, the concentrations decrease significantly down to only 0.001 mg/l.
While analysing the concentrations of nitrite nitrogen in the river concerned, quite a significant
decrease in concentrations can be noticed in recent years.
Phosphorus is one of the main biogenic substances determining the productivity of a water body. It is
not highly soluble and only small amounts of it reach water bodies. Phosphorus concentrations during
summer and spring are significantly lower than those during the cold period. This can be explained by
active sedimentation and vegetation. However, in the basin concerned, a significant increase of
phosphorus concentration is noticed in summer and autumn, i. e. from 0.085 to 0.314 mg/l. The
change dynamics of phosphorus concentration in the water of the river Šyša during the period of 19922010 is presented in Figure 3.4. The phosphorus concentration values in the river Šyša vary between
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0.002 and 3.79 mg/l. The average annual phosphorus concentration constantly exceeds the MAC (by
up to 48 %), and sometimes even more significantly. Phosphorus concentrations are particularly high
during the warm period of the year. The largest amount determined (3.79 mg/l) in November, 2005,
exceeded the MAC (0.065 mg/l) 57 times. Although phosphorus is the main biogenic nutrient for
plants, its change in the river water varies. The amount of phosphorus increases during the period of
vegetation. Particularly high phosphorus concentrations in Šyša water were observed in 2005-2009.
Due to excessive phosphorus concentrations, the river in question does not have good ecological state
0.065 mg/l), where pointpollution is absent and that great change in the amount of phosphorus
compounds is not characteristic.

Fig. 3.4.Seasonal change dynamics of nitrite nitrogen and phosphate phosphorus in the water of the
river Šyša during the period of 1992–2010
3.3. Water PointPollution in the River Šyša Basin
River water quality is mostly determined by human economic activity. In order to distort the balance
of natural factors to the least extent possible, the European Council has adopted various documents
that oblige controlling human economic activity that influences river water quality.
Economic activity in the river Šyša varied during the period of 2000–2010; some companies went
bankrupt, new ones appearing instead, others were forced to suspend their activity due to stricter
environmental requirements. Nevertheless, the urbanized area, including small villages and the town
of Šilut itself, expanded in the basin concerned. According to the data given by the Environment
Protection Agency (Lithuanian River... 2000-2010), the change of organic and biogenic substances
was analysed during the period of 2000-2010 (the beginning of the period for the data analysis was
chosen due to unreliable data from earlier years). The number of companies influencing water quality
and the surrounding environment changed. At the beginning of the period concerned, the number of
dischargers was 6 and only one discharger dealt with untreated wastewater. The number did not
exceed 11 until the year 2004. The biggest number of point pollution dischargers was present in 2010
(20 units) and as many as 12 of them did not contain wastewater treatment facilities (WTF) (Fig. 3.5).
Point pollution sources in the river Šyša are waste water used in the industry and households and
containing pollutingelements. Biological wastewater treatment facilities of 4 residential settlements
are present in the Šyša basin, namely, those of Šilut town, Macikai, Pasy iai and Vainutas residential
settlements.
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Fig. 3.5.The number of pointpollution dischargers with and without the WTF
The main industrial pollution centres of Šilut are the following companies: UAB “Grabup liai“
(intensive pig farming), AB “Biofuture“ (bioethanol production), UAB “Šilut s Rambynas“ (milk
processing company). Smaller industrial sectors in Šilut town itself include UAB “Šilut s
automobili keliai“, AB “Šilut s baldai“, UAB “Milmona“ (textile production). Most companies
possess only rainwater treatment facilities and 7 companies do not have any treatment facilities
installed and release wastewater together with rainwater untreated.
The amounts of the measured parameters of point pollution in wastewater released varied greatly
during the period of 2000–2010 (Fig. 3.6). At the beginning of the period concerned, the amounts of
the measured parameters of wastewater released were not high. However, the actual BOD 7loadings
made 37 %, and those of the materials in suspension made42 %, which is the biggest number of
loadings during the period concerned. The amounts of loadings almost did not change till the year
2009; however, the accident that took place in Šilut wastewater treatment facilities caused a
significant increase in BOD 7 (72.45 t/year) and general phosphorus loadings (2.45 t/year). That year
the amount of wastewater released by a joint stock company “Biofuture“ was too high, which resulted
in a breakdown in the wastewater treatment facilities and wastewater was released without mechanical
treatment.

Fig. 3.6.Amounts of pollution parameters measured in wastewater, i.e. the BOD7, materials in
suspension, general nitrogen and phosphorus, during the period of 2000-2010
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At the beginning of the period in question, the concentrations of general nitrogen and phosphorus
made 22–14 % and a decrease is noticed until the year 2010. In 2008 the concentrations were only 3–2
%. The concentrations of general nitrogen and phosphorus in 2000-2010 were measured in two
companies, namely, UAB “Šilut s vandenys“ urban WTF and UAB “Junkada“ (this company is not
operating anymore) surface WTF.The river is polluted with general phosphorus and nitrogen mainly
from Šilut wastewater treatment facilities that release from 6.5 (in 2008) to 29 (in 2001) tN/year and
from 0.7 (in 2007) to 5.2 (in 2001) tP/year. The highest concentrations were registered in the years
2000, 2001 and 2009 in UAB “Šilut s vandenys“. High phosphorus concentrations were observed in
2000 and 2009 too. Positive changes occurred following the reconstruction of the WTF, which
increased wastewater treatment efficiency. However, in 2009 the concentrations increased up to 21–
12 %, which was the result of the accident in Šilut WTF.
3.4. The Impact of Šilut Town Point Pollution on the River Šyša
During the recent years, the river Šyša suffered from ecological accidents and pointpollution sources.
The first extreme situation in 2007 was registered on the 4th of March when the death of fish was
registered in the river Šyša when 22.500 m3 of slurry got into the environment following an accident in
UAB “Grabup liai“ when the slurry reservoir embankment was broken. On the 23rd of June, 2007,
18.8 m3 of brewer‘s grain was spilled into the river Šyša through the rainwater collection system
discharger from the reservoirs in brewer‘s grainstoring site belonging to AB “Biofuture“. On the 26th
of June the death of fish was registered in the river Šyša.
On the 3rd of July, 2009, the technological wastewater treatment process was completely disturbed
due to the entry of AB “Biofuture” wastewater with high concentration of polluting materials into
Šilut urban wastewater treatment facility; as a result, only mechanically treated wastewater was
released to the river Šyša until the beginning of August. On the 11th-16th of September, 2010, fish and
other hydrobionts also died continuously due to a leaking facility in the AB “Biofuture” that released
industrial alcohol production liquid into theenvironment.
Therefore, having carried out field study in January, 2011, i.e. taking samples, the results showed that
the water quality of the river Šyša is greatly influenced by phosphate phosphorus compounds, the
concentrations of which exceeded the norm in the samples from the entire river section analysed. The
least analysed territory was polluted with ammonium nitrogen compounds and the MAC excess was
registered in one location only. Meteorological conditions also have a great impact on the water
quality, since dissolved oxygen concentrations exceeded the MAC only in several locations
throughout the territory analysed. The MAC excess for NH4–N isnoticed up to 3 times,closerto the
lower reaches only. This is influenced by the location of the sample since the concentration increases
in a meander due to weaker plant assimilation. Further in the river Šyša the NH4–N concentration
decreases but remains the highest of all samples taken. This was influences by the largest Šilut WTF
“Šilut s vandenys”. While analysing the impact of the dischargers on the water quality in the river
Šyša, it was established that the majority of ammonium nitrogen came from “Šilut s vandenys”. There
0.62 mg/l were registered. According to the ecological state class, the river section falls within the
class of average state. While analysing the concentrations of nitrite nitrogen (NO 2–N) in the river
section in question, the MAC (0.03 mg/l) excess is noticed. The concentration of nitrite nitrogen
exceeded the 0.03 mg/l in almost the entire section. During the winter season, the concentration
changed from 0.02 to 0.09 mg/l. Fig. 3.7 shows significant increase in the concentration of NO2–N;
however, the increase decreases rapidly down the stream.
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Fig. 3.7.The change of ammonium nitrogen, nitrite nitrogen and phosphate phosphorus concentrations
in the section of the river Šyša
The fact that the NO2–N concentration increases in a short distance due to pointpollution, shows that
the water plants assimilate nitrites even in winter. The greatest increase was noticed by the UAB
“Šilut s vandenys” discharger and the location of sampling might have influenced the result. The
sample was taken from a small bay where theriver water is dead. A decrease in the amount of
dissolved oxygen is noticed in the same location. The dissolved oxygen concentration in the samples
taken upstream from the first discharger exceeds the MAC (9 mg O2/l).
All samples taken in the river Šyša section exceeded the phosphate MAC (0.065 mg/l). Such increase
is also observed in the analysed part of the river Šyša. The highest concentrations are registered
upstream from the Šitul town, by the biological wastewater treatment facility of Macikai social care
institution. The MAC was exceeded up to 26 times, which was influenced by the melting snow since
arable land and cemetery prevail there. 500 m from the pointpollution discharger, the amount of
phosphate phosphorus decreased by 2.5 times. In the sampling location, the river was surrounded by
forest; therefore, the amount of non-point pollution also decreased. The situation upstream from the
AB “Biofuture”dischargers was similar; however, the increase was caused more by the melting
snow.Even greater decrease in the PO 4–P concentration was noticed by the reaches of Šyša, down to
0.07 mg/l. According to the ecological state class, this river section is of very poor state.
3.5 Mathematic Modelling of the Pollution of the River Šyša Basin with General Nitrogen
The FYRIS conceptual water quality model calculates the general nitrogen concentrations in a river.
The river Šyša basin, located in the western Lithuania, was chosen for the study, which belongs to the
Nemunas minor tributaries (including the river Neris) sub-basin.The basin was divided into two subbasins, according to water quality observation stations (Upstream and downstream from the Šilut
town) (Fig. 3.8 and Table 3.4), which allowed for more detailed evaluation of point and non-point
pollution impact on the water quality in the river.
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Fig. 3.8. Sub-basins of the river Šyša with water quality observation stations
Table 3.4.Characteristics of the sub-basins analysed
River observation Sub-basin area,
location
km2

Šyša,upstream from
Šilut

356.92

Šyša,downstream
ofŠilut

34.60

Total of the Šyša
basin

391.52

Area distribution according to the use,km2and%of sub-basin area
Arable land

Grazing land

Forests

Water bodies

Urban and
built-up
territories

184.87

79.23

72.89

0.93

19.00

52.80

22.20

20.42

0.26

5.32

14.98

6.42

1.85

0.14

11.20

43.31

18.56

5.35

0.41

32.37

199.85

85.65

74.75

1.07

30.20

51.05

21.88

19.09

0.27

7.71

Arable land areas cover most of the territory in both sub-basins, i.e. 52.80–43.31 %. Grazing land and
forests prevail in the first sub-basin (22.20 %and 20.42 %), and as much as 32.37 % in the second one
is covered by cities and built-up territories. Having prepared and organized the input data, the model
of the river Šyša basin was designed. The modelling covers the period of ten years (1997-2006). When
applying the FYRIS model, first, calibration was carried out by changing empirical coefficients c0 and
kvs. The calibration results showed that the efficiency coefficient reached 0.60 and the correlation
coefficient was 0.78, when c0 was 0.99 and kvs was 9.47, which indicates strong correlation between
the concentrations observed and those modelled.
In order to evaluate the reliability of the model results, correlation and reliability coefficients between
the general nitrogen concentrations observed in the river and those modelled were calculated. Reliable
correlation coefficients varied from 0.7 to 0.86. Statistical calculations that were carried out showed
strong linear correlation between the general nitrogen concentrations observed and those modelled. A
weaker correlation was observed in the river Šyša downstream of Šilut , which could have been
caused by the fact that higher concentrations were registered there due to a UAB “Šilut s vandenys”
discharger present nearby the measuring station. This prevented nitrogen concentrations from
purifying during the accidents when the concentrations were high. When analysing pollution loadings
formed in the sub-basins, point pollution data gaps were inevitable. General nitrogen concentrations in
the river Šyša basin were measured in two companies only, although other companies are also likely to
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release it. This could influenced the model results, pollution evaluation inaccuracies may occur, and it
may influence the precision of the model results. The distribution of the general nitrogen
concentrations observed in the Šyša water and those modelled is presented in Fig. 3.9.

Fig. 3.9. General nitrogen concentrations observed and those modelled in the river Šyša monitoring
stations
While analysing the changes in the point pollution loadings of general nitrogen in the river Šyša basin,
it was established that the highest loadings were formed in the river Šyša upstream from Šilut . It is
estimated that the largest loadings come from arable land areas. Andthe river Šyša downstream of
Šilut is mostly polluted from pointpollution sources. When analysing the changes in the river Šyša
loadings from all pollution sources present in the Šyša basin, it was established that the biggest
loading was in 1997 (577 t a year). Later the pollution loadings decreased and in 2002 the smallest
loading of general nitrogen in the period concerned was registered (162 t a year). The average
multiannual general nitrogen pollution loading calculated in the river Šyša basin was 323 t a year.
When analysing the entry of phosphorus from various pollution sources to the river Šyša basin in more
detail, it was established that the greatest part of phosphorus came from arable land areas (92.7 %),
while the percentage for grazing lands was 5 % and for forests it was 1,3 %. Only 1.1 % reached the
basin from wastewater treatment facilities and built-up territories (Table 3.5).
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Table 3.5. Nitrogen (in tons) entering from various sources during the period concerned
River observation
location

Arable land

Grazing land

Forests

Urban and
built-up
territories

From
discharger
WTF

Total

Šyša, upstream from
Šilut

2618.49

140.28

37.75

9.84

0.00

2806.35

Šyša, downstream
of Šilut

21.22

1.14

0.10

0.58

19.64

42.67

Total of the Šyša
basin

2639.71

141.41

37.84

10.42

19.64

284.02

Arable land covers approximately 51.05 % of the territory in the river Šyša basin; therefore, the
farming culture and land cultivation and use determines the environment and water pollution. The
modelling results showed that the largest source of pollution in general nitrogen in the Šyša basin are
arable land areas and pointpollution. During the period concerned, 2659.34 t of general nitrogen was
washed out from them. With the help of the model, it was established that the largest amount of
nitrogen enters the river Šyša basin upstream from Šilut from arable land areas, namely, 2618.5 t
(Fig. 3.10), since around 52 % of the sub-basin area is covered by arable land territories where
intensive farming takes place, while forests that could reduce the surface catchment cover only 20 %.
The largest amount of general nitrogen reaches the river Šyša in its sub-basin downstream of Šilut
town from the arable land (212.2 t) and pointpollution sources (196.4 t), which makes 96 % of all
general nitrogen in the sub-basin (Fig. 3.10 b). It can be presumed that the general nitrogen that enters
the river Šyša in its sub-basin downstream of Šilut town comes from pointpollution sources since
here wastewater from Šilut urban wastewater treatment facility is discharged.

Fig. 3.10.Nitrogen coming from all sources of pollution to a) Šyša, upstream from Šilut , b) Šyša,
downstream of Šilut
Next to other results needed for water quality management, the FYRIS model allows calculating the
general nitrogen retention in separate sub-basins. The modelling results showed that during the period
concerned, the largest amount of general nitrogen was contained before the section at the river Šyša,
downstream of Šilut town monitoring station (0.81) (Table 3.6). In this sub-basin,water bodies cover
a large territory since the width of the river here varies from 10 m to 20 m. In the river Šyša upstream
from Šilut town, the largest amounts of pollution in the entire basin territory accumulate.
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Table 3.6.The amount of nitrogen, calculated according to the model, entering each sub-basin, running
through the section at water quality monitoring stations and the amount of nitrogen retained
River water quality
monitoring station

Amount of pollution at the Amount in the sections at General nitrogen retention
coefficient RT
sources, t
water quality monitoring
station, t

Šyša, upstream from Šilut

2872.12

918.92

0.32

Šyša, downstream of Šilut

545.51

442.79

0.81

The modelling results clearly indicate the sources of water pollution in the river Šyša, they allow
calculating point and non-point pollution loadings and evaluate the efficiency of potential environment
protection measures.
4. CONCLUSIONS
The analysis of the river Šyša water quality data for the years 1992-2010 showed that according to a
number of ecological indicators, the river is of average or poor state. The biogenic
substanceconcentrations (in per cent) in the river Šyša often exceed the MAC. The highest
concentration excesses observed are the following: BOD7–47 %, NO2–N–43 %, PO4–P–42 % and
general phosphorus as much as 76 %.
The largest amount of polluters is released into the Šyša basin from the urban wastewater treatment
facility UAB “Šilut s vandenys”. Of general loadings in the basin, as much as 96 % are nitrogen and
up to 76 % are BOD7, materials in suspension and general phosphorus. This is the main point pollution
source in the river Šyša basin; therefore, its operation efficiency and equipment maintenance have
great influence on the water quality.
The loadings of household wastewater dischargers show a reduction trend; however, the amount of
untreated wastewater released into the Šyša basin grows every year. The largest amount of household
wastewater was discharged in 2001 (BOD7was 136.79 t/year), as well as in 2009 following the
accident (BOD7 was 58 t/year).
In Šilut town, a point pollution source affecting the river Šyša water quality was identified. The field
study data showed it by indicating that it is the MAC norms of nitrite nitrogen and phosphate
phosphorus that are exceeded to the largest extent (78–100 %).
With the help of the FYRIS model, it was established that the Šyša basin is mostly polluted from
arable land areas (92.7 %). In order to reduce pollution loadings, either arable land areas should be
reduced, or the regulations of farming and land use should be stiffened.
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THE INFLUENCE OF LOGGING ON THE CARBON STORAGE
IN FOREST ECOSYSTEMS
Liudmila V. Mukhortova, Estella F. Vedrova
V.N.Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences,
Akademgorodok, 50/28, Krasnoyarsk, 660036, Russia

Abstract
Our study was conducted for post-logging forest ecosystem succession series of Scots pine (Pinus
sylvestris L.) and fir (Abies sibirica Ledeb. ) stands in Siberia. It was found that logging of the Scots
pine and fir stands leads to the changes of ratio between the main organic matter pools. In recently
logged Scots pine and fir sites the role of soil pools increased. In Scots pine stand the carbon storage
was determined to account almost 70% of the initial carbon 60 years following logging. The ratio
between the phytomass and soil organic matter recovered back to the pre-logging level to this age.
The phytomass carbon also increased in fir stand of the same age, but it recovered only by 10% of
initial pool.
Key words: forest ecosystems, logging, phytomass, forest litter, root material, coarse woody debris,
carbon
1. INTRODUCTION
Forest ecosystems are a one of the most important carbon sink in biosphere. Forests accumulate
carbon at three main pools: living phytomass, dead plant residues and soil humus. These pools are the
basis of carbon budget in forest ecosystems. If living phytomass is a main sink for atmospheric carbon
dioxide, the plant residues storage is the main source for carbon release to the atmosphere and soil
humus pool is one of the largest carbon store because humus substances have very low rate of
turnover. In the most cases forest ecosystems serve as carbon sink due to production of phytomass
during photosynthesis, low rate of decomposition of plant residues and accumulation of recalcitrant
organic substances in soil as a result of humification processes. However, different disturbances in
these main pools can lead to the debalance in ratio between intensity of productivity and destructive
processes that can entail changes in ecosystem carbon balance as a consequence up to changes of
ecological status of ecosystems.
Logging is one of the most significant anthropogenic disturbances affecting forest ecosystems, and
these effects are profound and prolonged (Bergstedt and Milberg 2001). Cutting of forests is
frequently criticized, since the complete or partly removal of vegetation severely alters the forest
structure and functional attributes of forest ecosystems (DeGrandpre et al. 2000). However, the full
ecological consequences and long-term ecological sustainability of the cutting regime is still not fully
understood.
High-contrast edges between forest and logged site greatly influence on physical conditions and
biological processes. Both the composition of organisms and ecosystem processes are dramatically
altered. Ecosystem processes, such as productivity and decomposition, are profoundly influenced by
changing conditions.
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The aim of this study was to estimate dynamics of carbon pools in forest ecosystems of two different
tree species after logging. Our study was conducted for post-logging forest ecosystem succession
series of Scots pine and fir stands in eastern Baikal region.
2. MATERIALS AND METHODS
2.1. Site description
Our studies were conducted in an area of east Baikal mountain forest province of conifer forests of
mountainous forest growth near Baikal, according to forest growing regionalization (Forest types …
1980). Sample plots were laid in pine forests of Ulan-Burgasy forest growing region of subtaiga pinelarch and mountain taiga dark coniferous forests and in fir forests of the Hamar-Daban forest growing
region of taiga and mountain taiga fir and cedar forests. As a result, six sample plots were studied:
three of them presented a successional series of Scots pine forests and other three were fir stands of
different age after logging. The stand characteristics are shown in Table 1.
Table 1. Characteristics of tree stands on the sample plots
Sample plot

Main tree
stand species

Age,
years

Average
height, m

Average
diameter, cm

Site class

Density

Wood
stock,
m3/ha

Scots pine forests, Ulan-Burgasy
Control

10P+L

180

19.5

22.0

IV

0.7

180

Clearcut (60
years old)

10P+L

60

10.3

9.8

V

1.0

122

singleC
Fir forests, Khamar-Daban

Control

10F

220

12.4

16

Va

1.7

199.4

55

4.7

6.1

Va

0.75

17.5

singleC
Logging site
(26 years
old)

10F
singleC

P – Scots pine, F – fir, L – larch, singleC – single Siberian cedar (Pinus sibirica); IV, V, Va –site class

The control plot in series of pine ecosystems (52N32, 107E58) was rhododendron–cowberry–lichen
Scots pine forest of 180 years of age, that has been repeatedly damaged by ground fire (with a
periodicity of 30–40 years). It is laid on the flattened surface of bedrock slope (steepness is about 20°)
of east exposure. The crown density of the maternal canopy of tree stand is 0.6–0.7. Natural
regeneration is represented by Scots pine seedlings (Pinus sylvestris L.) (8000–10000 trees/ha). The
soil is coarse humic podzol.
Plot of the old clear-cut of Scots pine (52N30, 107E59) is rhododendron–cowberry–forb pine forest,
formed in the area of clearcutting 60 years of age. The age of the tree stand is 50–55 years old. It is
located 0.5 km from control plot. It grows on the even slope (about 25 degree of slope of east-western
exposure). The crown cover is 0.8–0.9. The number of trees is about 3 000 pieces/ha. The understory
is represented with isolated instances of pine height up to 50 cm. Soil is transformed podzol.
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Plot of the recent (2007) logging site (52N30, 107E58) is rhododendron– cowberry–lichen pine forest.
It is located on the convex side of the east-western exposure, slope (10°). Thin pine is about 15 m3/ha,
the regrowth is 70% (4000– 5000 trees/ha), 30% of the logged site is occupied with harvesting forest
residues. Soil is coarse humic podzol.
The control plot of fir series (51N32, 105E51) is 180-year-old bilberry-green moss fir forest. It has
6000 trees/ha of regrowth; the height about 1.5 m is presented by fir (Abies sibirica Ledeb.) and single
trees of birch (Betula pendula Roth). Soil is coarse humic podbur.
Plot of logged site of 26-years old (51N32, 105E50) is situated on a gentle slope (5°) of southern
exposure, with microrelief hummock swales. It is presented with 50- to 55-year-old bilberry-green
moss fir forest that was formed from plants saved in the process of logging, from the regrowth of the
previous generation. The understory of a new generation consists mainly of fir (2300 trees/ha) and a
few number (600 trees/ha) of Siberian pine (Pinus sibirica Du Tour). Soil is podzolized podbur.
Recent logging plot in this series (51N33, 105E49) is presented by 3-years old felled area with saved
regrowth. The fir regrowth is 9500 trees/ha, height up to 50 cm. It is a bluejoint –mixed herbs
community with deep renewal of fir. The slope of the western exposure is 5°, smooth, and microrelief
is almost not expressed. About 50% of area is obstructed by felling debris, and the disturbed soil
surface is 30% of the total area of logging site. Soil is podzolized podbur.
2.2. Methods
In the sample plots that characterize logged sites, plant and soil samples were taken for felled area and
skidding trail. The width of the skidding trail is 5 (6) m, and the felled area is 30 m. Description of the
logged plots is given according to felled area. The tree stand phytomass was calculated according to
the stem wood stock of the main element of forest, its density, and conversion ratios for crown and
roots (Stakanov et al. 1994). In each of sample plots, biomass of ground vegetation (n = 10), storage of
forest litter (n = 10), and root material (n = 20) were taken into account. The fractions of plant material
were weighed, the moisture content was determined, and the dry weight was calculated. An average
sample of each fraction of plant material was used for chemical analysis.

Storage of coarse woody debris was measured on the subplots of 100-200 m2 inside the main
sample plots. The total accounting of dead fallen logs and stumps on these plots was made
measuring the linear parameters of this woody debris (diameters on the opposite sides of each
log and stump and its length or height (for the stump)) and determining the decomposition
class of the woody object. Coarse woody debris was divided into the three decay classes,
based on visual and physical properties according to Daniels et al. (1997) and Klimchenko
(2005). In this system, the main basis for division is wood density and the presence of bark
and branches.
The volume of the log and stump was calculated using the formula of truncated cone volume. The
density of the CWD was analyzed by Poluboyarinov's (1976) submergence method (n=5–20). Storage
of coarse roots was calculated based on the storage of stem wood for the trees of the same diameter as
for the stumps and conversional coefficients for roots of these species in studied region (Stakanov et
al. 1994).
Soil profiles were studied on sample plots. Morphological description of the genetic horizons of the
soil profile and sampling was carried out according to guidelines for field research and mapping of
soils (Soil survey … 1959). Soil names gave according to Russian soils classification (Shilov et al.
2004). Sampling in order to determine the bulk density and subsequent calculation of carbon storage in
soil layer of 0–20 cm was carried out with the use of a cylinder (V = 140 cm3, n = 3 in layers 0–5, 5–
10, 10–15, 15– 20 cm).
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Total carbon concentration in plant samples was determined by wet oxidation (Anstet method in the
modification by Ponomareva and Nikolaeva) (Ponomareva, Plotnikova 1975, 1980). Subsamples of
mineral soil were treated to remove visible plant tissues by hand, and ground to analyse total C
concentration by the Tjurin wet oxidation technique (Arinushkina 1970) which is equivalent to
the modified Walkely-Black method (Allison 1965).
Mobile organic carbon in soil humus was measured as carbon concentration in water and alkaline
extracts 24 hours after being extracted from soil samples using deionized water (C H2O) and 0.1M
NaOH (CNaOH), respectively, without initial decalcification. The extraction technique is the same as for
mobile humic acid extraction developed by Olk et al. (1995) and for extractable soil organic matter
(Ping et al. 2001).
3. RESULTS AND DISCUSSION
The control cowberry pine forest at an age of 180 years accumulates in the phytomass about 135 t/ha
organic matter, almost entirely concentrated in the tree stand (Table 2). Mass of living ground cover in
this plot is 2.3 t/ha in equal proportion represented by above-ground parts and roots. Fine roots are
distributed between litter and soil (layer 0–20 cm), as 33 and 67%, respectively. The moss-lichen
cover is poorly developed.
Table 2. Storage of phytomass and plant residues in pine forests, t/ha
Component

Control,

Recent logging site

Clearcut,

180 years

Felled area

Skidding
trail

60 years old

135.1

18.3

5.0

92.5

tree stand

132.8

14.8

0

90.0

Phytodetritus, totally

78.01

79.75

33.72

42.18

26.61

25.75

2.42

12.38

logs and stumps

25.05

20.31

2.02

3.53

roots

1.56

5.44

0.40

8.85

Totally

213.11

98.05

38.72

134.68

Phytomass, totally
including:

including:
coarse woody debris, totally
including:

In the control bilberry-green moss fir forest, which is 220 years old, the density of tree stand biomass
is 121.4 t/ha. Contribution of living ground cover is about 7% of the mass of organic matter of the
plant canopy (Table 3). The herb–shrub layer dominates there, and moss-lichen cover is 17% of the
mass of living ground vegetation.
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Table 3. Storage of phytomass and plant residues in fir forests, t/ha
Component

Control,

Logged site,

Logged site,

220 years

3 years old

26 years old

Felled area

Skidding
trail

Felled area

Skidding
trail

129.95

12.00

5.89

19.78

10.06

tree stand

121.35

-

0

11.91

0

Phytodetritus, totally

47.93

159.77

147.17

74.38

56.7

18.30

109.54

123.25

33.52

36.40

stems and stamps

16.84

96.02

100.79

22.08

27.99

roots

1.45

13.53

22.45

11.44

8.42

Totally

177.88

171.77

153.06

94.16

66.76

Phytomass, totally
including:

including:
coarse woody debris, totally
including:

After logging (felled area of the recent pine logged site), organic matter supply in the remaining
regrowth was equal to 11% respective to the stand phytomass of the control stand (Table 2). Lighting
of the soil surface led to an increase of 1.5 times the living ground cover mass, mainly due to biomass
of the herbaceous cover and shrubs. In the herbaceous–shrub layer the composition of plants changed
and the number of species decreased, but cowberry remained dominant among them, as in the control
pine stand. The changes only slightly affected the ratio of the aboveground and belowground mass of
the herb–shrub layer. The total storage of phytomass in the felled area after logging was 18.3 t/ha. At
skidding trail, fortified with woody residues (mainly, with branches of cut trees), the moss–lichen
cover is absent. Phytomass of living ground cover is represented by the grass–shrub story, the mass of
which is 1.6 times higher than in the felled area due to developed tall herbaceous cover.
Three years after logging of fir forest, the organic matter stock in phytomass is 12 t/ha (Table 3) and it
is concentrated in the herb–shrub layer, split between the aboveground biomass and roots is as 37 and
63%. In skidding trail of this plot, the mass of living ground cover is 2 times lower, the moss-lichen
cover here, like in the felled area, is absent.
The 60-year-old clear-cut formed immature pine forest of rhododendron-cowberry-mixed herbs type
with a phytomass supply equal to 92.5 tons/ha (Table 2), which is 1.5 times lower than in the control
overmature pine forest. By the mass of living ground cover, pine stands are similar, but differ in its
composition: there are virtually no mosses and lichens in the control pine stand, there are no lichens in
the immature stand, and the moss biomass is about 26% of the mass of the living ground cover.
The phytomass of fir stand on the logging site from 26 years ago (stand age is 50–55 years)
concentrated 6.5 times less organic matter than in the control fir forest (Table 3), and 60% of its mass
is tree stand biomass. The moss cover has recovered. According to the living ground cover, its
biomass on the felled area is close to the control variant, but differs in the significant participation of
cereal plants, resulting in a three-time excess of roots of the aboveground part. The skidding trail has
developed living ground cover, biomass of which is almost equal to the tree stand phytomass on the
felled part of this plot.
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This pool is as well worse protected from microbes and can be mineralized faster than stable
recalcitrant fraction.
In the soil of pine forests mobile organic matter contributed from 19 to 25% of total carbon storage
and the highest ratio was observed in the top 0-5 cm layer of the soil of skidding trail of recent logged
site, where it reach 50% of total carbon pool in soil.
Despite the similar soil type generality and even subtype belonging of soils of the recovery series of fir
forests, they markedly differed among them according to Chumus stock. Humus storage in soil of
these plots (on the layer of 0-20cm) increased from control undisturbed forest (42.2 t/ha) to 3-years
old logging (to 63.3-66.3 t/ha) and to 26-years old logging plot (to 51.2-70.7 t/ha on the felled area and
skidding trail, respectively). The reason for the differences could be both increase in soil density mass
in logged site at the expense of its compaction during logging (especially on the skidding trails), and
also different degrees of movement and mixing of the upper soil profile, saturated with roots of
herbaceous plants.
Contribution of mobile organic matter to the total carbon storage in the soil was 37% for the
undisturbed site, increasing to 42-50% in the soil of recent logged plot and plot that was logged 26years ago. This increasing can be result of high contribution of herbs to the living ground cover of
these plots. It is known that herbal residues have faster rate of decomposition in comparison with
coniferous litterfall and moss-lichen residues. As consequence it can produce much more mobile
products of decomposition that can move to the soil.
It was found that totally the undisturbed Scots pine stand (180 years old) growing on the podzol soil
contains 116.5 ton of carbon per hectare (Fig.1, A). Phytomass (including above- and belowground
parts) was found to allocate up 56.6 % of this carbon storage (Fig.1, B). Plant detritus contributes at
most 29.7%, and about 14% of total carbon storage is allocated in the soil humus. After logging the
contribution of live phytomass to the total carbon storage decreased 3-9 times (to 7.6-14.6%). At the
same time, phytodetritus and humus contribution to the total carbon storage increased 2-3 times at the
recently logged Scots pine stand. These changes are consequence of wood removing from the
ecosystem because the total carbon storage in the logged ecosystem is half as much in comparison
with undisturbed stand and make up 60.8 t/ha. However, at the Scots pine stand 60 years following
logging the total carbon storage increased 1.5-2.0 times and contribution of living phytomass,
phytodetritus and soil humus almost reached the level of undisturbed ecosystem (58, 23 and 19%
respectively).
The quite different dynamics was observed for fir stands, growing on the richer podbur soil (Fig.2, A).
Total carbon storage in undisturbed 180-years old fir ecosystem reached 129.8 t/ha, and was at the
same level as for undisturbed Scots pine stand. However, the structure of the carbon storage in fir
ecosystem was different (Fig.2, B): like Scots pine stand the live phytomass included half of total
carbon storage (50%), but plant detritus contribution was 1.5 times lower (17.5%) and soil humus on
the contrary contributed 2.5 more carbon (32%) than in Scots pine stand. After logging (3 years
following wood harvesting fir stand) the phytomass contribution decreased more than 10 folds (to
3.6%) and relative humus contribution increased (to 44.8%). The total carbon storage in this
ecosystem even increased due to 5 times increasing of coarse woody debris storage after logging in
comparison with undisturbed stand. At the ecosystem 26 years following logging, 50-55 years old fir
stand, the carbon storage ratio between the main pools of organic matter did not reach the undisturbed
level. To that age the contribution of live phytomass increased more than two times (in comparison
with plot of 3 years following logging), and coarse woody debris pool decreased more than 3 times
and contributes 35.7% to total carbon stock, but humus part in total carbon storage still stayed at the
relatively high level (54.2%)
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Fig.1. Carbon storage (A) and contribution (B) of main pools to the total carbon stock in succession
series of Scots pine forests.
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Fig.2. Carbon storage (A) and contribution (B) of main pools to the total carbon stock in succession
series of fir forests.
The total pool of carbon in ecosystems of the recovery range of fir forests varied as 144.5, 94.6, and
129.8 t C/ha, respectively, in reed grass-forb community of the 3-year-old logging, bilberry fir forests
in the 26-year-old logging, and overmature bilberry green moss fir forest (Fig. 2, A). Stocks of carbon
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in the phytomass and soil of undisturbed stands are equal to each other. After logging, the ratio of
carbon pools in the 3-year-old cutting site takes the form 1 : 26 and becomes more narrow (1 : 9) in
the 26-year-old cutting, without recovering to the level of undisturbed stands.
Thus control variants (unaffected by logging) of forest ecosystems with pine (age 180 years) and fir
(age 220 years) accumulate 116.5 and 129.8 t C/ha, respectively. The carbon pool in cowberry pine
forest is composed of 56.6% organic matter of phytomass and that in the bilberry-green moss fir forest
is 50%.
After logging with regrowth remaining on the recent pine logging site, the soil carbon pool exceeds
the stocks in phytomass 6 times, and in 3-year-old cutting of fir forests, 26 times. In the rhododendroncowberry-pine forest already by the 3rd age class, the ratio of carbon stock in the phytomass and soil
organic matter reaches the level of an undisturbed overmature plantation. In the bilberry fir forest at
this age (26-year-old after cutting), the participation of phytomass in the formation of the carbon pool
increases, but does not reach the level of the control.
4. CONCLUSION
Harvesting of the Scots pine and fir forests led to the dramatically decrease of tree phytomass role in
the carbon budget of the logging sites. It provokes changes in dominant species of living ground cover.
Herbs replaced moss-lichen and shrubs vegetation. It is known that herbaceous plants have a faster
rate of phytomass turnover and can sufficiently increase carbon input to the phytodetritus pool. In
addition the rate of decomposition of herbaceous debris is faster than for the coniferous literfall.
In the fir sites as well as coarse woody debris pool extremely increase after logging. This component
of phytodetritus pool provides a long-term carbon source for decomposition. In addition, significant
increasing of carbon pool in soil humus was observed in post-logging fir forests.
Thus, the logging of the Scots pine and fir stands lead to the changes of ratio between the main organic
matter pools. In recently logged Scots pine and fir sites the role of soil pools (phytodetritus and
humus) increase. But time of recovery of the initial ratio between the main carbon pools in ecosystems
of these two species is different. In Scots pine stand the carbon storage was determined to account
almost 70% of the initial carbon 60 years following logging. The ratio between the phytomass and soil
organic matter recovered back to the pre-logging level to this age. The phytomass carbon also
increased in fir stand of the same age, but it did not reach the level of the control stand. In 50-55-yearold fir stand, carbon recovered only by 10% of its initial pool (in comparison with undisturbed forest).
It seems that the high grow energy of Scots pine determined the role of these post-logging ecosystems
as a carbon sink due to the low increment of plant detritus input during the logging. Contrary, the low
rate of fir growth and huge amount of the plant residues after logging made fir post-logging
ecosystems as a potential source to the atmospheric carbon.
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Abstract
Gas chromatography with MS detection was applied for simultaneous determination of six of the most
toxic organotin compounds (OTs): monobutyltin, dibutyltin, tributyltin, monophenyltin, diphenyltin,
triphenyltin. Headspace single drop microextraction (HS-SDME) in Ionic liquids (ILs) was proposed
as Green alternative to the traditional one. Three different ILs ([C8MIM][PF6]; [C6MIM][PF6]) and
[C4MIM][PF6]) were evaluated as a collector phase. The first one was found as the most appropriate
for a group microextraction of the tested OTs. Analytes were evaporated from the IL microdrop by
means of thermal desorption. ILs possess some advantages as an extraction phase in comparison with
traditionally used organic solvents. They are more stable during the analytical process and are
considered as environmentally friendly compounds. Moreover HS-SDME procedure was performed in
a single drop of only 5µl IL. The time needed for the extraction was proved to be only 20 min.
Therefore the proposed method could be related to the Green chemistry methods.
Key words: ionic liquids, organotin compounds, headspace single drop microextraction, green
chemistry.
INTRODUCTION
Organotin compounds (OTs) have been widely used (e.g. Butyltin-BT and Phenyltin-PhT) in the past
50 years as active components in different applications. Some of them are: antifouling paints;
pesticides formulations; catalysts; additives for thermal and light stabilization in the plastic industry;
fungicides; insecticides; water disinfectants; pharmaceuticals and cosmetics [1, 2]. The most extensive
use of trialkyltins is as biocides in marine antifouling paints in which the active components of the
antifouling paint are usually incorporated in a copolymer which induces their steady diffusion into
water:

After the awareness of their significant toxicity for mammalian and aquatic organisms in the 1980s,
the interest of their speciation increased rapidly. OTs can cause changes in the endocrine system such
as the occurrence of imposex in gastropods, which can lead to sterilization and death of the affected
organisms [1]. They might exhibit toxic effect on a broad range of non-target organisms. Their
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toxicity, environmental persistence and ability to transfer along the trophyc chains are dependent on
the type, size and number of organic groups attached to the tin atom, so the determination of their
spices is of crucial importance. European Union listed them as priority pollutants. The Directive
2000/60/EC (Water Framework Directive, WFD) includes as a priority and hazardous substance the
tributyltin compounds among the other substances. Moreover, the Directive 2008/105/EC establishes
extent permitted of tributyl compounds (tributyl cation) in inland and other surface waters, expressed
as an annual value (0.0002µg/L) or as maximum allowable concentration (0.0015 µg/L).
This work aimed to develop a method for determination of six of the most toxic OTs: monobutyltin
(MBT), dibutyltin (DBT), tributyltin (TBT), monophenyltin (MPT), diphenyltin (DPT), triphenyltin
(TPT). OTs are generally detected by gas chromatography or liquid chromatography (LC) as
separation method in combination with selective techniques such as mass spectrometry (MS), tandem
mass spectrometry (MS-MS) or an element selective techniques as an inductively coupled plasmamass spectrometry [3, 4]. The Gas chromatography (GC) is more widely used for OTs analysis and
was applied in this work for simultaneous determination of six organotin compounds. Due to the very
low content of OTs in the environment preliminary extraction and preconcentration are needed.
Nowadays there is a tendency of replacing the traditional liquid-liquid extraction with microextraction
techniques [5, 6].
In this work liquid-liquid microextraction was applied as a green alternative of the traditional liquidliquid extraction.
Ionic liquids are considered as more friendly to the environment than traditionally applied organic
solvents so it was interesting to test their applicability as a collector phase for HS SDME procedure.
One problem is that ILs are not compatible for direct introduction to GC-MS. Their use in gas
chromatographic analysis could block the chromatographic column. In order to avoid this problem the
efficiency of a device for thermal desorption was checked, and thermal desorption program was
optimized. Procedure of cryofocusing was added for trapping the analytes before introducing them to
the GC-MS[7]. Such technique has not been previously applied in the case of OTs determination.
2. EXPERIMENTAL:
2.1. Reagents and instruments
rganotin compounds: monobutyltin (MBT), dibutyltin (DBT), tributyltin (TBT),
monophenyltin (MPT), diphenyltin (DPT), triphenyltin (TPT) and sodium tetraethyl borate
NaBEt4 have been obtained from Aldrich (Steinheim, Germany).
Ionic liquids 3-Methyl-1-octylimidazolium hexafluorophosphate ([C8MIM][PF6]); 1-Hexyl3-methylimidazolium
hexafluorophosphate
([C6MIM][PF6])
and
1-Butyl-3methylimidazolium hexafluorophosphate ([C4MIM][PF6]) have been obtained from Merck
(Damstadt, Germany).
A two-tubes concentrically disposed system made up of a Gerstel thermal desorption glass tube (187
mm length, 4 mm I.D., 6mm O.D.), a laboratory-cut glass Pyrex tube (20 mm length, 3 mm I.D., 4 mm
O.D.) from Corning Incorporated (Corning, NY, USA) and washed glass wool from Panreac
(Barcelona, Spain) were used for desorption of the compounds from the IL droplet (Fig.1).
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Fig.1 Thermal desorption device
A Gerstel TDS 2 thermodesorption system equipped with a Gerstel CIS-4 cooled injection system
programmable temperature vaporization inlet from Gerstel (Mülheim an der Ruhr, Germany) was used
to carry out the TD process.
An Agilent 6890N gas chromatograph coupled with an Agilent 5973 mass spectrometry detector, both
from Agilent Technologies (Palo Alto, CA, USA), were employed for the analytical measurements.
The column used was DB-5 (30m x 0.25 mm i.d.) film thickness 0.25µm. Helium was used as carrier
gass.
2.2. Headspace microextraction procedure with in-situ derivatization by NaBEt4
In order OTs to be converted into a suitable form for GCMS analysis derivatization by sodium
tetraethyl borate (NaBEt4) was performed.

n = 1, 2, 3

In this procedure 8 ml freshly prepared working standard solution (20 ng ml-1) of each OTs analyte
were placed into a vial containing a stir bar. Then 100 µl 1% NaBEt4 (freshly prepared) were added.
The derivatization process was held at pH 5 with the help of acetate buffer. The needle of a
microsyringe containing 5µl IL was passed through a valve septum. Thus, a 3-mm piece of PTFE tube
was fitted to the tip of the syringe needle, and the vial finally capped with the valve stopper. Then the
syringe was placed until its tip was 1 cm approximately up to the liquid surface of the sample. The
plunger was then depressed and a droplet of IL was formed and exposed to the headspace of the
stirring (at 1600 rpm) solution at 45 0C.
After extraction, the droplet was retracted into the syringe. Then, the cap was removed from the vial
and the PTFE tube was removed from the syringe tip. Finally, the IL droplet was placed inside the
commercial TD glass tube as shown in Fig. 1.
2.3 TD-GC-MS conditions
Thermal desorption conditions were optimized experimentally. Higher sensitivity and reproducibility
have been obtained at the followed parameters: the drop was initially conditioned for 0.5 min at 25 0C,
after that the temperature was increased to 240 0C with ramp of 60 0C min-1 and held for 5 min
(desorption time); helium flow rate was 100 mL min-1. The desorbed compounds were cryofocused in
the cool injection system with liquid nitrogen at -40 0C . Then the collected fraction was rapidly heated
to 250 0C with ramp of 12 0C s-1. This allowed analytes to be transferred to the GC column by the He
gas. Gas chromatographic conditions for separation were set as: the GC oven temperature was set at
50 0C for 1min and was increased to 300 0C at 10 0C min-1 and held for 4min.
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The MS detector voltage was set at 1700V. Electron impact ionization was 70 eV ionization energy.
The mass source was set at 230 0C. The measurements were carried out in selected ion monitoring
(SIM) mode.
3. RESULTS AND DISCUSSION
The use of ionic liquids as collector phase for head space single drop microextraction showed to be a
good choice for organotin compounds preconcentration. The high viscosity of the tested ILs improves
the stability of the microdrop and makes the method more robust even using a 5 µl drops. On the other
hand, ILs possess high boiling points and it is not possible to use them for direct injection in GC
instruments. The optimized procedure for thermal desorption (2.3) and the selected device (Fig. 1)
allowed good repeatability for introducing the six analytes into GC-MS instrument.
The efficiency of HS-SDME was tested by heating the sample solution (down to the head space) at
different temperature: 100, 20 0, 300, 400, 450, 500 and 800 C. Results obtained by 450 C showed the
most suffisticated extraction yeild for all compounds with exeption of TPT - Fig. 2. It was observed
that TPT extraction needs at least 800 C. The phenomena is due to the higher molecular mass and
boiling point of triphenyltin compound. On this temperature in comparison to 450., there is quite high
lost of extraction efficiency for MPT, TBT and DPT (Fig. 2). Therefore compromise must be done
depending on the analytical task needed. In order to acomplish a group extraction of the all six
analytes 800 C was prefered.

Figure 2 Extraction efficiency at 450C and 800C
The microextraction was tested at different time from 10 and 60 min. It was found that the treatment
longer that 20 min did not lead to higher extraction efficiency for the six OTs.
The organotin compounds were chromatographically separated (Fig.3). The retention times of the
ethylated organotin derivatives were determined experimentally using model solutions - Table 1.
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Table 1 Retention times of OTs derivatizated by NaBEt4
Analytes

MBT
(BuSn3+)

DBT
(Bu2Sn2+)

TBT
(Bu3Sn+)

MPT
(PhSn3+)

DPT
(Ph2Sn2+)

TPT
(Ph3Sn+)

Ethylated
derivatives

BuSnEt3

Bu2SnEt2

Bu3SnEt

PhSnEt3

Ph2SnEt2

Ph3SnEt

Retention
time, min

9.7

11.9

13.8

13.2

15.1

22.1

Figure 3 Chromatogram of ethylated OTs
The suitability of the Ionic liquids to be used as collector phase for HS-SDME was compared by the
extraction yield obtained for the three ILs tested. Fig. 4 represents the results for 3-Methyl-1octylimidazolium
hexafluorophosphate
([C8MIM][PF6]);
1-Hexyl-3-methylimidazolium
hexafluorophosphate ([C6MIM][PF6]) and 1-Butyl-3-methylimidazolium hexafluorophosphate
([C4MIM][PF6]) respectively. It was found that only 1-octylimidazolium hexafluorophosphate has the
ability to extract all six OTs analytes. Moreover with an exeption of MPT is gives greater extraction
yields for all the rest organotin compounds tested. Therefore the [C8MIM][PF6] was appointed as the
best choice for the method created.
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70
[C4MIM][PF6]

Peak Area (x 10-6)

60

[C6MIM][PF6]

[C8MIM][PF6]

50
40
30
20
10
0
MBT

DBT

MPT

TBT

DPT

TPT

Fig. 4 Extraction yield of ethylated OTs obtained by the evaluated ILs
4. CONCLUSIONS
The combination of head space microextraction with ionic liquids with GC-MS was proved to be
applicable for simultaneous determination of butyl- and phenyltin compounds. Results from evaluated
three ionic liquids shown that the extraction with 1-octylimidazolium hexafluorophosphate gives
greater yield than the others two ILs studied. The device for thermal desorption and cryofocusing was
successfully applied for introducing organotin compounds from IL into GC-MS instrument.
The small volume (5µl) of IL consumed, the replacement of the classical organic solvents with more
environmentally friendly compounds, as well as the possibility for group extraction of six organotin
compounds refers the suggested method as relevant to the Green Chemistry principles.
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Abstract
In this paper is presented the effect of the polyfunctional monomers triallylcyanurate,
triallylisocyanurate, trimethylopropane trimethacrylate and zinc diacrylate on the mechanical
properties of the siliconic rubber cross-linked by electron beam. Silicone rubber was irradiated by
electron beam over a dose range of 50–200 kGy. The control samples were obtained by cross-linking
with peroxide in a hydraulic press at 160oC.
Key Words: siliconic rubber, cross-linking, electron beam, polyfunctional monomers.
1.INTRODUCTION
Silicon elastomers have been used since more than forty years ago to obtain implants for the human
body and further studies are being carried out with the aim of better characteristics to be obtained. [13].
The most important stage in the rubber processing technology is vulcanization / cross-linking. During
vulcanization / cross-linking, rubber molecules with chain configuration are linked by chemical
bridges / bonds, and the rubber mass turns from its plastic mass into is elastic one. Silicone rubber
does not cross-link by means of sulfur. The main cross-linking methods used to obtain finished
silicone rubber products are: The most commonly utilized techniques for crosslinking of silicones are
[1, 4] :
a) Moisture cure carried at room temperature, in which hydroxyl terminated siloxanes can react with
tri- or tetra functional silanes in the presence of acids,bases or tin compounds.
b) Heat activated radical cure, in which case alkyl peroxides act as catalysts forming radicals by
abstracting H* from the methyl group or reacting with the vinyl groups in the siloxane to form
crosslinks. Benzoyl peroxide, dicumyl peroxide and di-t-butyl peroxide are commonly employed.
c) Transition metal catalyzed hydrosilylation or addition cure, which is usually available as a two-part
system. One part contains the Si-H groups and the other part contains the Si-vinyl groups. The catalyst
is present only in one of the two parts. Reaction occurs at relatively mild conditions and no byproducts are involved. Platinum catalysts catalyze the reactions.
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d) The exposure to high energy irradiation. The process is very clean, requires less energy, permits
greater processing speed and operates at ambient temperature [5-7].
Chemical additives known as coagents or polyfunctional monomers (PFMs) are used in conjunction
with radical cure systems such as organic peroxides and electron beam (EB) irradiation. They are used
in the cure of elastomers to promote crosslinking reactions and improve physical properties. Coagents
can be grouped according to their influence on cure kinetics and ultimate physical properties. Type I
coagents are highly reactive and increase both the rate and state of cure. Typically monomeric, such
coagents contain acrylate, methacrylate, or maleimide functionality. They are very polar structures
with limited solubility in most elastomer grades. Type II coagents are based on allyl reactive sites and
increase the state of cure only. Monomeric forms include allyl-containing cyanurates, isocyanurates
and phthalates. Polymeric forms of Type II coagents include poly(butadienes) with pendant vinyl
unsaturation. [8-10]
In this study the influence of EB radiation dosage and types of PFMs on the physical properties of
siliconic rubber was investigated. The following polyfunctional monomers were used: triallyl
cyanurate, triallyl isocyanurate, trimethylolpropane trimethacrylate and ethylene glycol
dimethacrylate. The physical properties of electron beam irradiated siliconic rubber sheets were
evaluated by measuring the tensile strength, elongation at break, hardness, elasticity and tear strength.
The efficiency of the polyfunctional monomers studied in enhancing crosslinking has been followed
up by measurement of physical and mechanical properties of the vulcanized siliconic rubber. Physicomechanical properties of electron beam irradiated samples were compared with the peroxide cured
samples.
The important properties of silicones, which give rise to its multitude of applications, are: chain
flexibility, thermal stability: electrical resistance, surface hydrophobicity, permeability, stability and
environmental degradation [1-3]
The areas of use of silicone rubber are numerous, namely: in the electrotechnical industry, as
electroinsulating material with various purposes, in mechanical engineering as gaskets, bellows, elastic
elements. In medicine, silicone rubber articles are preferred because they do not contain substances
such as antioxidants, vulcanization accelerators and other ingredients that are not accepted [1-3].
2.MATERIALS AND METHODS
Materials used in the investigations were: (1) silicon elastomer Elastosil R 701/70 OH (from WackerChemie), (2) Polyfunctional monomers: triallyl cyanurate (TAC) Luvomaxx TAC DL 70 (26%
percentage of ash, density 1.34 g/cm3, 30% active synthetic silica), triallyl isocyanurate (TAIC)
Luvomaxx TAIC DL 70C (pH 2.6, density 1.34 g /cm3), trimethylolpropane-trimethacrylate (TMPT)
Luvomaxx TMPT DL 75 (22% percentage of ash, pH 9.2, density 1.36 g /cm3, 75 ± 3 % active
ingredient), ethylene glycol dimethacrylate (EDMA) Luvomaxx EDMA DL 75 (23% percentage of ash,
75 ± 3 % active ingredient, density 1.25 g /cm3). (3) Di(tert-butylperoxyisopropyl)benzene Perkadox 1440B-GB (from Akzo Nobel) (1.60 g/cm3 density, 3.8% active oxygen content, 40% peroxide content) as
vulcanizing agent for vulcanization of control samples.
Blends have been made by means of blending technique, on a laboratory roll, total blend time of 5’,
friction of 1:1.1. The blend constituents were added in the following sequence and amounts: 100 phr
siliconic rubber and 3 phr polyfunctional monomers (TAC, TAIC, TMPT and EDMA respectively).
Plates required for physico-mechanical tests have been made by compression molded, using an
electrically heated hydraulic press, pressure of 150 MPa and time of 3 min. to obtain sheets of 11.5 x
11.5 x 0.2 cm3.
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Control samples were prepared similarly to those presented in articles from references 1 and 3 with the
following specifications: 8 phr of Perkadox 14-40B-GB as vulcanizing agent was added and the blend
vulcanization was achieved in a hydraulic press at 160 oC; the vulcanization time was measured by
means of Monsanto Rheometer (see table 1).
The resulted plates were subjected to EB vulcanization with ILU-6M accelerator of 1.8 MeV and 10.8
kW output power.
The tensile testing of samples was carried out with the testing speed 460 mm/min at room temperature
with a Schoppler strength tester machine. The tensile strength was measured on dumb-bell shaped
specimen according to ISO 37/2005. Tear strength was performed according to SR EN 12771/2003
using angular test pieces (type II). Hardness of samples in terms of Shore A was measured according
to ISO 7619-1/2004 using 6 mm thick samples. Elasticity was evaluated with a Schob test machine
using 6 mm thick samples, according to ISO 46662/1986. All measurements were taken several times
and the resulting values were averaged. Curing characteristics were determined by an oscillating disk
rheometer (Monsanto), at 160°C for 30 minutes, according to the SR ISO 3417/1997.
3.RESULTS AND DISCUSSION
The physical-mechanical and rheological properties of samples are summarized in Tables 1 and 2
The cure characteristics of the siliconic rubber samples with different types of polyfunctional
monomers crosslinking with peroxide are presented in Table 1. It can be seen that both the maximum
torque and the difference of delta torque between the maximum and minimum torque increased with
the formation of crosslinks between the macromolecular chains, the other reasons, as aforementioned,
the addition of PFMs increased the crosslink density. Crosslink density increased with PFMs addition.
The highest increase in crosslink density was found for TAC, TAIC - type II coagents.
Table1: Rheologic characteristics of of samples crosslinking with peroxide
Rheologic characteristics/

Free

TAC

TAIC

TMPT

EDMA

ZDA

M min (dNm)

17.3

25

2

3

3

3

Mmax (dNm)

46.8

65

65

58

57.2

40.5

T90 (minutes)

7’30”

7’00"

6’30"

6’30"

10’

5’15"

PFM

Table 2: Physical-mechanical characteristics of samples crosslinking with peroxide
Physical-mechanical

Free

TAC

TAIC

TMPT

EDMA

ZDA

Hardness, °ShA

63

77

83

80

74

54

Elasticity, %

20

22

26

16

18

14

Tensile strength, N/mm2

5

4

3.2

3

2.2

3.9

Elongation at break, %

180

93

20

10

10

480

Residual elongation, %

3

4

5

5

2

9

Tear strength, N/mm

32

22.5

17.5

22

21.5

31

characteristics / PFM
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The physical-mechanical properties of samples crosslinking with peroxide are summarized in Table 2.
From the analysis of characteristics of samples crosslinked with accelerated electrons, it is noticed
that:
-

Hardness (Figure 1) varies between 44 ºShA (for ZDA) and 91ºShA (for TAIC, TAIC), and
increases with the irradiation dose; for TMPT, TAC, and TAIC it increases up to ca 88 ºShA at 10
Mrad, then the increase is slow.

-

Elasticity (Figure 2) increases with EB dose increase (from 14% to 50%), the increase being less
prominent in the range of 15 – 20 Mrad; the values obtained are higher than in crosslinking with
peroxide.

Hardness, ShA

80

60

free
TMPT
TAIC
TAC
EDMA
ZDA

40

20

0
0

5

10

15

20

25

Irradiation dose, Mrad

Figure 1. Hardness versus EB irradiation dose and PFMs type
50

Elasticity, %

40

free
TMPT
TAIC
TAC
EDMA
ZDA

30
20
10
0

0

5

10

15

20

25

Irradiation dose, Mrad
Figure 2. Elasticity versus EB irradiation dose and PFMs type
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-

Tensile strength (Figure 3), upon increasing the EB dose, has a peak and then decreases; higher
values were obtained (6.9 – 2.6 N/mm2) for crosslinking with radiation compared to crosslinking
with peroxide (2 – 5.5 N/mm2).

-

Elongation at break (Figure 4) for all blends has a peak in the range of 0 – 5 Mrad, then decreases
(from 160% at 5 Mrad to 20% at 15 and 20 Mrad); in crosslinking with peroxide, except for ZDA
(480%) and blend without MP (193%), lower values are obtained for elongation at break (1020%).

Tensile strength, N/mm

2

7

free
TMPT
TAIC
TAC
EDMA
ZDA

6
5
4
3
2
1
0

0

5

10

15

20

25

Irradiation dose, Mrad
Figure 3. Tensile strength versus EB irradiation dose and PFMs type

Elongation at break , %

160
140

free
TMPT
TAIC
TAC
EDMA
ZDA

120
100
80
60
40
20
0

0

5

10

15

20

25

Irradiation dose, Mrad

Figure 4. Elongation at break versus EB irradiation dose and PFMs type
-

Residual elongation (Figure 5) presents low values in both types of crosslinking, which indicates
that even at a dose of 5 Mrad blends are crosslinked.

-

Tear strength (Figure 6) decreases upon the increase of EA dose and an improvement is noticed
when introducing polyfunctional monomers; in both cases it has low values because it is known
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that the siliconic elastomer has low physico-mechanical characteristics compared to other types of
elastomers.

Residual elongation, %

The obtained results prove the fact that MFPs have led to the increase of crosslinking density which
determined, particularly for blends containing type II crosslinking coagents (TAC, TAIC), an increase
of hardness and elasticity, and a decrease of tensile strength, tear strength, elongation at break and
residual elongation.

6
free
TMPT
TAIC
TAC
EDMA
ZDA

4

2

0

0

5

10

15

20

25

Irradiation dose, Mrad
Figure 5. Residual elongation versus EB irradiation dose and PFMs type

Tearing strength, N/mm

24
20
16

free
TMPT
TAIC
TAC
EDMA
ZDA
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8
4
0

0

5

10

15

20

25

Irradiation dose, Mrad
Figure 6. Tearing strength versus EB irradiation dose and PFMs type
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4. CONCLUSION
PFMs can be used in peroxide or EB cured systems by increasing the efficiency of productive radical
reactions. These have led to the improvement of physico-mechanical properties of siliconic rubber, the
most efficient PFM for siliconic rubber have been TAC. Also, based on the comparison between EB
and peroxide vulcanization efficiency, the results show that EB irradiation gave the best results. In
addition, croslinking by EB also shows a series of advantages, such as: reduced crosslinking time and
power expenditure, no polymer degradation due to high temperature as EB cross-linking occurs at
room temperature, the process is very fast and can be controlled precisely, the electron beam can be
steered very easily to meet the requirements of various geometrical shapes of the products to be cured,
very high productivity, perfect for thin products, lack of wastes, the resulted products are sterile [3,
10].
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Abstract
The massive application of chemical fertilizers to support crop production resulted in soil, water and
air pollution at a global scale. In the same time, this situation escalated consumers concerns
regarding quality and safety of food production which, due to increase of fertilizer prices, provoked
corresponding price increase of food products. It is widely accepted that the only solution is to boost
exploitation of plant beneficial microorganisms which in conditions of undisturbed soils play key role
in increasing the availability of minerals that otherwise are inaccessible to plants. This study is
focused on the employment of the most important microbial inoculants: arbuscular mycorrhizal fungi,
plant growth promoting microorganisms, and nitrogen-fixing bacteria and their function, production,
and formulation. Another emerging area includes biotechnological production of active natural
compounds (biostimulants) such as plant extracts and exudates, compost extracts, and products of
biological turnover which improve not only plant growth and development but also plant-microbial
interactions. The most important and novel strategies in this field are presented as well as the
tendencies that will be further developed in the near future.
Key words: crop production; chemical fertilizers; soil microorganisms;plant-microbe interactions;
bioeffectors
1. INTRODUCTION
A number of side effects of modern intensive agriculture include irreversible damage of arable land
(soil erosion), gas (CO2) pollution, loss of biodiversity, and eutrophication of underground and
freshwaters which resulted in low crop yield (Chapin et al., 2000; Parmesan and Yohe, 2003; Oerke
and Dehne, 2004). These problems are forcing the farmers to introduce alternative crop production
strategies. to make them more reliable for the producer and safe for consumers and the environment. It
is now widely accepted that a key strategy to achieve high reliable production with a low impact on
the environment and safe for the consumers is to intensify introduction of beneficial microorganisms
in agriculture. The indiscriminate use of chemically produced mineral fertilizers is largely responsible
for the high crop production during the last century. The production of mineral fertilizers is however
based on the use of non-renewable resources (for example, hydrocarbons for the Haber Bosch
process, or mined rock phosphates). As the end of these resources is estimated to occur within the next
50 years and, on the other hand, due to the increasing human population and rapid economic growth of
emerging countries, the price of fertilizer products has become increasingly unstable and high in
general. This situation has provoked in the last years higher production costs that led logically to
higher food costs. In addition, other important factors should be mentioned concerning chemical
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fertiliser production which is energy intensive and in fact is a source of greenhouse gases.
Crop production based on the traditional, intensive agricultural practices and technologies leads to
losses of N from nitrate leaching and NOx emissions. Next to nitrogen, phosphorus is the most
essential macro-element for plants. Due to the frequent application of P fertilizers, considerable
reserves of precipitated P are accumulated in the topsoil that are however, unavailable to plants. To
avoid the high dependence of mineral fertilizers and, consequently, maintain the soil fertility and
increase nutrient use efficiency, the exploitation of N and P reserves existing in soils should be
enhanced. In this sense, the increasing interest in the use of microorganisms and active natural
compounds should be mentioned as a tool that can minimize the use of mineral fertilizers in crop
production.
Plant beneficial microorganisms include bio-effectors such as plant growth promoting microbes
(PGPM, including rhizobacteria-PGPR), various filamentous fungi and yeasts and mycorrhizal fungi
(particularly arbuscular mycorrhizal fungi-AMF). Seaweed and compost extracts and phytostimulatory products isolated from planta and plant beneficial microorganisms present another group
of bio-effectors, mainly bio-stimulants. Different studies have shown that some organic molecules
such as humic substances, amino acids, peptides can improve the root system, absorption of nutrients
and consequently positively affect plant growth. The aim of this work is to describe the mechanisms of
action of these products, the methods of production, and formulation techniques.
2. ARBUSCULAR MYCORRHIZAL FUNGI – FUNCTION, PRODUCTION AND MODE OF
APPLICATION
Arbuscular mycorrhizal fungi (AMF) are soil-borne microorganisms living symbiotically with most
land plants (with over 80% of plant species) and in most ecosystems (Smith and Read, 2008). The
mycorrhizal fungi, after the biotrophic colonization of root cortex, develop an external mycelium
which is a bridge that connects the root with the surrounding soil micro-environment. It is proved that
such fungal–root symbiosis is playing a key role in nutrient acquisition in soil–plant systems and
nutrient cycling in general. Improved P acquisition is the main benefit of AM symbioses which,
however, strongly depends on P content is soils. As a rule, AMF have a benefit in soils characterized
by lower levels of plant available P, whereas in soils with high P content their activity is inhibited
(Ramaekers et al., 2010). On the other hand, AMF also perform an important function in stabilising
soils and in disease resistance (bio-control function) of plants. AM fungi play a key role in terrestrial
plant’s survival and environmental adaptability, and particularly in extreme environments, the
majority of plants species cannot survive without AMF (Pennisi 2004). By this reason, mycorrhizal
fungi affect given community structure and determine plant diversity (Wurst and Rillig 2011; Zhang et
al., 2012). These main functions explain their agricultural and ecological importance. The detailed
effects of arbuscular mycorrhizal fungi on the crop production has been described recently in review
articles (Smith and Smith, 2011; Babalola et al., 2010) and will not be presented here. Nevertheless,
some recent publications should be mentioned with a special focus on the role of AMF in nitrogen
plant nutrition. The most likely mechanism which the AM fungi may use to affect nitrogen-cycling
processes and thus influence plant nutrition is by changing substrate availability in soil. As it was
described by Veresoglu et al. (2012) in their very recent review paper, with the exception of the
process of nitrogen xation, all other nitrogen cycling transformation processes may be regulated by
substrate availability. Exactly at this point appear AM fungi immobilizing inorganic nitrogen or/and
transferring nutrients to the plant host, reduce substrate availability for free living microorganisms
which take part in nitrogen cycling. Other indirect mechanisms which affect nitrogen cycling
(nitrification/denitrification processes) and depend on AM fungi include pH changes, modification of
soil structure, and carbon availability. Therefore, the mutualistic symbiosis between AM fungi and
plants, although based largely on exchange of C from the plant and P delivered by the fungi modulate
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wide number of biotic and abiotic factors thus converting these soil microorganisms in important
ecosystem drivers and determining crop production (Smith and Smith, 2011).
Many species of arbuscular mycorrhizal fungi (belonging to Glomeromycota), are described but only
some of them are able to form symbiosis with many agricultural species. Just these AMF, with low
host specificity are particularly suited to commercial application and some of them are already
established in the corresponding market niche. A number of agricultural activities such as horticulture
and forestry, production of micro-propagated plants, and restoration and phytoremediation of
disturbed ecosystems are strongly benefitted by commercialized mycorrhizal-bearing products
(Feldmann et al., 2008).
In the field of mycorrhizal inoculum preparation, it is important to note that ecto-mycorrhizal fungi
can be produced in fermentation conditions and, hence, their mycelium can easily be entrapped in
polymer matrixes and further applied as potent inoculum in forestry. On the contrary, the use of endomycorrhizal (AM) fungi in plant production systems is not a common procedure. The main obstacle is
the absence of appropriate methods for mass inoculum production which further determine the lack of
formulations which can guarantee a standard quality. AM fungal inoculum is typically produced in
scaled-up pot culture always in the presence of the host plant. For local and limited application
purposes, AMF are maintained and multiplied by simple transfer procedure (pot to pot). Similarly, it is
considered that application of AMF is best achieved in potting medium, but this approach is not
suitable for arable production. It is now widely accepted that soilless cultures can provide high quality
inoculum with propagule numbers many times greater than the pot culture used so far. Bark,
calcinated clay, expanded clay and perlite provide media which are uniform in composition, facilitate
aeration, and hold sufficient water for plant growth. Further development of soilless cultures include
nutrient film technique (NFT), aeroponics, and root organ culture which fulfil the requirements stated
above and are proposed to be used for the mass production of AM fungi (Jarstfer & Sylvia 1995).
Each of these systems has certain advantages and disadvantages but the most recent studies in this
field are focused on the methods of seed coating and encapsulation of mycorrhizal spores.
Some production companies are actively developing seed coating techniques for application of AMF,
which could allow their cost effective use for various crops. It is estimated that the technique of seed
coating could reduce by a factor of 3 the amount of MRF inocula required for arable crops. By this
reason, it is believed that seed coating make AMF application economically feasible for extensive
crops. Entrapment or encapsulation of microbial cells in polymer materials is frequently used as a
powerful method of immobilization. This method involves the entrapment of cells or spores within
porous structures which are formed in situ around the biological material (Vassilev et al., 2005). In
vitro production of AMF spores is now considered as a most advanced strategy for more efficient
production, formulation, and application of AMF. Since the early work of Mosse (1962), the use of Ri
T-DNA transformed roots as the host has permitted increased spore mass production which was
further improved by using a two-compartment Petri dish. Applying the method of Doner and Becard
(1991), gel pieces from the root-free compartment are solubilized in citrate buffer and spores sieved
and collected for direct application or encapsulation in alginate. The use of the AM root-organ
methodology and the increasing number of fungal species cultivated in vitro offer many possibilities
for the production of mycorrhizal inoculum for comercial purposes including in immobilized form.
Bearing in mind the role of polysaccharides and, in particular, their significance as signalling agents in
the development of arbuscular mycorrhiza (Harrison 1998), it would be interesting to study the effect
of various polysaccharides and polymers in general and their structural units as stimulators of both
mycorrhizal and plant development. So far the commercial in vitro MRF products are only developed
for Glomus intraradices and therefore we could expect commercial products with other AM fungi.
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3. STRIGOLACTONES
Bearing in mind the above information, the utility of studying AM fungi for ecological and
agronomical reasons is obvious. On the other hand, a more fundamental interest has appeared
regarding the initial development and the AM fungi and particularly their contact with the host. As
arbuscular mycorrhizal fungi are obligate biotrophs, host recognition is a crucial step for their
development and survival in soil. It is important to note that germinated spores of AM fungi produce
extremely limited hyphal growth if they do not perceive signals of a host plant. In the vicinity of host
plant roots, prior to any contact, the fungus forms characteristic hyphal ramifications (hyphal
branching) that is used to purify and characterize active root-exuded molecules. At this point we
should describe a novel group of bio-stimulants, strigolactones, that is closely related to the growth
and development of AM fungi.
Strigolactones, plant hormones which inhibit shoot branching, were characterized as seed germination
stimulants of the parasitic plants Striga and Orobanche (Cook et al., 1966; Bouwmeester et al., 2003.,
Isolated and characterized molecules of strigolactones were found to be active at sub-pico-molar
concentrations on spore germination, hyphal branching, and growth of AM fungi (Akiyama et al.,
2005; Besserer et al., 2006). Recently, a model has been shown where strigolactones actively
coordinate three of the main biological processes – shoot branching, AM fungal symbiosis, and
parasitic weed seed germination (Chen et al., 2009). It is important to note that the plant produces
more strigolactones when the soil phosphate concentration is limiting than when phosphate is in
abundance (for example after frequent fertilization with soluble P fertilizers). However, Yoneyama et
al. (2012) hypothesized that, in leguminous plants, which have a symbiotic relationship with root
nodule bacteria and can acquire N from them, strigolactone production is promoted only under P
de ciency, whereas non-leguminous mycotrophic plants such as sorghum may depend on AM fungal
symbionts for the supply of both N and P.
The existence of sufficient published data in support of the active role of strigolactones in AM fungalplant symbiosis is now boosting various companies to offer products containing this class of hormones
or to find similar chemical compounds that can control plant shoot and AM fungal hyphal branching.
Thus, crop production and consequently yield of crop fruits could be increased through exogenous
application of similar commercial products.
4. PLANT GROWTH PROMOTING RHIZOBACTERIA. PRODUCTION AND METHODS
OF APPLICATION
Plant growth promoting rhizobacteria (PGPR) are beneficial soil bacteria, which may facilitate plant
growth and development directly and indirectly (Glick 1995). Direct stimulation may include benefits
to the plants as fixed nitrogen, phytohormones, sequestered iron by bacterial siderophores, soluble
phosphate, while indirect plant stimulation is attributed to the biocontrol (antagonistic interrelations
with soil-borne phytopathogens) (Glick and Bashan 1997). Plant growth promoting rhizobacteria
(PGPR) are closely associated with root systems, sometimes as far as endophytically colonising root
tissues. PGPR utilise root exudates as a carbon source while assisting in nutrient mobilisation,
acquisition and root development. Different genera are included in this group of soil microorganisms,
such as Pseudomonas, Brukholderia, Azotobacter, Kluyvera, Enterobacter, etc. (Glick 1995; Belimov
et al. 2002). The most studied PGPR species include Azospirillum brasilense and Bacillus subtilis.
Other PGPR species commonly studied include the Pseudomonas putida group, Azoarcus and
Azotobacter (Lugtenberg, Kamilova, 2009). PGPR possesses many abilities, some considered as tools
for solving environmental problems (Shilev et al., 2012).
PGPR strains do not have a single mechanism that can explain all beneficial effects exerted by them.
Most PGPR were initially isolated and further used for their capability of biological nitrogen fixation.
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While nitrogen fixation may in some cases still contribute to plant growth promotion, the main
mechanism established for Azospirillum brasilense and many other PGPR is production of
phytohormones, including auxins, cytokinins and gibberellins, which impact on root development and
thereby on nutrient acquisition. According to Vessey (2003) PGPR strains express their promotion
effect due to production of phytohormones. Auxin or indole 3 acetic acid (IAA) has been identified
as a key phytohormone produced by PGPR. Commonly, IAA is believed to increase root development,
growth and length, enhancing root surface area, thus enabling greater access to nutrients by plant,
enhancing tolerance to abiotic and biotic stress, etc. The biosynthetic pathway of IAA is normally
tryptophan dependent, and addition of tryptophan increases IAA production in culture. The ability of
PGPR to colonise root systems is a key aspect of their plant growth promotion function, and studies of
genes involved in this interaction is a major area of current research (Reed and Glick, 2005).
Some PGPR are phosphate solubilising bacteria, that can increase the availability of insoluble mineral
phosphates to crops through exudation of low molecular weight organic acids such as citric acid,
oxalic acid, gluconic acid. Phosphate solubilisation is of particular interest in some countries (mainly
in the Southern part of Europe for example) where soils are naturally deficient in organic matter and
plant-available P. The problem with phosphate solubilization became rather actual as the main source
of P fertilizer production, rock phosphate, is estimated to lower its reserves to almost zero within the
next 50 years (Vassilev et al., 2009).
PGPR strains contain the enzyme 1-aminocyclopropane-1-carboxylate (ACC) deaminase, which
hydrolyses ACC, the immediate precursor of plant hormone ethylene (Glick et al. 1995, Burd et al.
1998) stimulating root growth. Glick et al. (1998) proposed a model where important quantities of
ACC are exuded by the roots and subjected to reduction producing ammonia and -ketobutyrate.
Thus, the ACC concentration in root surroundings is decreased and the plant tries to maintain the
equilibrium by exuding more ACC in the rhizosphere, lowering its internal level. The ACC exudation
is stimulated by the ACC-deaminase containing bacteria, which is capable to utilize the compound as
unique source of nitrogen. The continuous process of exudation conducts to acceleration of growth of
the population of bacteria containing ACC-deaminase in the immediate vicinity to the roots. The main
result is that the internal ethylene biosyhtensis level is reduced as a consequence of lower
concentrations of ACC.
Siderophores are other widely studied microbial metabolites with molecular weight lower than 1000
D. Although some siderophores are known to chelate other ions, their specificity to iron is the most
consistent feature. Several evidences indicate that siderophore production, when iron is limited is
responsible for the antagonism of some PGPR strains against phytopathogens. (Antoun and Prevost
2005). Also, HCN expression and production by Pseudomonas was strong dependent on iron
availability (Keel et al. 1989) and may act synergistically with siderophores. Siderophores produced
by rhizosphere microorganisms has been reported not only to improve rhizosphere colonization of
producer strain but also play an important role in iron nutrition of plant (Vansuyt et al. 2007).
In general, spore forming PGPR (e.g. Bacillus sp.) present fewer challenges for production than
non spore formers including A. brasilense. Spore forming bacteria can be spray-dried and are
characterized by their long shelf life. Reliable production of PGPR formulations containing non spore
forming bacteria was found difficult as the drying step can adversely affect viable cell numbers. Del
Gallo et al. (1989), found that Azospirillum brasilense and Azospirillum lipoferum are able to liberate
exo-polysaccharides under stress conditions and enter into a dormant cyst formation. This feature can
be further exploited in order to improve microbial formulation stability. In any case, the up-stream
processes of PGPR production is possible and, if low-cost substrates are employed, economically
acceptable.
Typical methods of application of PGPR include foliar spray and seed dressing with dry powered
inocula immediately before drilling. There are established guidelines for application of PGPR, for
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example inoculation with 107 cells per seed is normally found to be optimal for root colonisation.
Though liquid formulations are sold on the market, in general a dried formulation is most practical but
if being applied as a foliar spray, may require incubation before application. Peat is the carrier of
choice used in the preparation of microbial inoculants, including PGPR, although is characterized by
many disadvantages. As an alternative approach, encapsulation of PGPR in alginate and alginate
starch beads is investigated intensively. The concept provides for improved shelf life of PGPR and a
controlled release in the soil. Though encapsulation of PGPR in pure alginate has been demonstrated
in large number of research studies, it is considered expensive, and as the alginate beads are soft they
are difficult and unsuitable for application by the existing agricultural machinery. To overcome these
serious constrains, the use of a mixture containing alginate-starch was studied to substitute for pure
alginate carrier. In this case however, despite the excellent shelf life and ability to inoculate gelentrapped cells of PGPR into the soil-plant systems, the alginate starch capsules drying process was
found detrimental to the inoculant survival.
As in the formulation of AM fungi, seed coating is considered the most convenient technique for
application of PGPR. It is important to note that in extensive crop production this mode of bacterial
application does not require large efforts and special technical skills and intervention from the farmers.
Moreover, agricultural suppliers are often equipped with seed coating devices. Seed coating is
comparatively widely used for pre-sowing seed treatment. The main disadvantage in seed coating
technique of application of PGPR inoculants is the compatibility of PGPR strains with other
agricultural products that need coating.
5. SEAWEED AND COMPOST EXTRACTS AS BIO-STIMULANTS
Bio-stimulants are de ned as ‘‘materials, other than fertilizers, that promote plant growth when
applied in small quantities’’ and are also referred to as ‘‘metabolic enhancers’’ (Zhang and Schmidt
(1997). Amongst most studied and applied bio-stimulants are seaweed extracts and compost extracts.
Seaweeds, which include the macroscopic, multicellular marine algae, inhabit the coastal regions of
the world’s oceans thus forming an integral part of marine ecosystems. It has been estimated that there
are about 9,000 species of macro-algae which form groups based on their pigmentation ( brown, red,
and green). Brown seaweeds are the second most abundant group comprising about 2,000 species
which are most commonly used in agriculture Among them, Ascophyllum nodosum (L.) Le Jolis is the
most studied (Ugarte et al., 2006) while Fucus spp., Laminaria spp., Sargassum spp., and Turbinaria
spp. are used as biofertilizers in agriculture (Hong et al. 2007). The bene ts of seaweeds as sources of
organic matter and fertilizer nutrients have led to their use as soil conditioners for centuries. Now
more than 15 million metric tons of seaweed products are used annually as nutrient supplements and
biostimulants in agriculture and horticultural crop production (FAO, 2006).
The use of seaweed formulations (containing components such as macro- and microelement nutrients,
amino acids, vitamins, cytokinins, auxins, and abscisic acid) as bio-stimulants in crop production is
well established (Khan et al., 2009) although many of the various chemical components of seaweed
extracts and their modes of action remain unknown. Which are however the most important active
compounds in the seaweed extracts) Seaweeds, particularly the red and brown algae, are a source of
complex polysaccharides. For example, some brown seaweeds (Ascophyllum nodosum, Fucus
vesiculosus, and Saccharina longicruris) contain the polysaccharides laminaran, fucoidan, and
alginate (Lane et al., 2006). One of the most used of them (particularly as a carrier employed in
various immobilization procedures), alginate, is a block copolymer structure composed of Dmannuronic and L-guluronic acids with b-(1,4)-glycosidic linkages. The properties of the various
alginates differ depending on the position of each monomeric unit in the chain, the average molecular
weight of the polymer, and the nature of its associated counter ions. On the other hand, laminaran and
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fucoidan exhibit a wide range of biological activities (Rioux et al., 2007). It should be mentioned
however, that direct effect of fucoidan on plants has not yet been reported while sulfated fucoidans
from brown algae have demonstrated biological activities in mammalian systems (Mauray et al.,
1995). Laminarin has been shown to stimulate natural defense responses, inducing antimicrobial
properties in plants (van Loon and van Strien 1999).
Marine algae are also reportedly rich in auxins and auxin-like compounds (the mode of action of this
bio-stimulant was explained earlier in this work) and various betaines and betaine-like compounds. In
plants, betaines serve as a compatible solute that alleviates osmotic stress induced by salinity and
drought stress; however, other roles have also been suggested, such as enhancing chlorophyll content
of plants following their treatment with seaweed extracts (Blunden et al., 1997).
Seaweed products demonstrate root-growth stimulatory effects particularly when applied at an early
growth stage (Jeanin et al.,1991). Beneficial effects found in different plants include reduced
transplant shock in seedlings, increased root size and vigor, enhanced both root:shoot ratios and
biomass accumulation (Crouch and van Staden 1992). Seaweed concentrate triggers early owering
and fruit set in a number of crop plants (Arthur et al., 2003). Seaweed extracts probably encourage
owering by initiating robust plant growth. Yield increases in seaweed-treated plants are thought to be
associated with the hormonal substances present in the extracts, especially cytokinins.
Another important feature of seaweed extracts is related to their action in harsh environmental
conditions. A number of studies suggest that bioactive substances derived from seaweeds elicit abiotic
stress tolerance in plants thus significantly enhancing plant performance. The chemistry of bioactive
compounds in the seaweed and the physiologic mechanism of action of the compounds that impart this
tolerance are largely unknown. However, a number of reports suggest that the bene cial antistress
effects of seaweed extracts may be related to cytokinin activity (Zhang and Ervin (2004). The most
recent studies demonstrate that application of seaweeds and seaweed extracts positively affect the
growth of bene cial soil microbes and secretion of soil conditioning substances by these microbes. For
example, seaweed polysaccharides, particularly alginate oligosaccharides, produced by enzymatic
degradation of alginic acid, are found to affect soil properties and stimulate AM fungal infectivity and
growth (Ishii at al., 2000; Kuwada et al., 2006). Another important natural bio-stimulant is the
compost extract also known as compost tea. Mineralized organic materials by composting have been
long related to traditional and organic agriculture. Composted organic materials are commonly used by
conventional farmers not only to improve the nutrient content in the soil, but also the soil structure and
the soil microbiological activity. Results normally include improved nutrient assimilation by crops and
nutrient use efficiency.
It was recently demonstrated that agro-industrial wastes can serve as carriers of plant beneficial
microorganisms, particularly P-solubilizing fungi (Vassilev et al., 2003).
Similarly, composted
organic materials can be improved for agricultural use and, after sterilization by irradiation, can
potentially serve as carrier materials for PGP microorganisms. It is accepted that composted products
may provide C and N and thus increase the cell survival. Several studies have shown that irradiated
composts can completely replace more expensive traditional inoculants based in irradiated peat the
latter being the carrier of choice for wide number of microbial inoculants. Therefore, compost-based
carriers can potentially displace peat as a carrier material for wide number of plant beneficial
microorganisms. On the other hand, as composts are rich in beneficial microorganisms, humic acids
and soluble nutrients, it is often found that compost extracts can be used more effectively. One very
advantageous characteristics include the possibility of compost and compost extract preparation on site
by organic growers and utilization of readily available and locally abundant agro-industrial residues as
well as employment of equipment that is marketed especially for this purpose.
It is very important to note that the mechanisms of action of bio-stimulants such as seaweed and
compost extracts are in many cases not yet completely defined. A number of mechanisms include
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hormonal stimulation of root and whole plant growth, nutrient mobilisation, nitrogen fixation,
competition with plant pathogens, and supply of soluble nutrients as well as increasing efficiency of
macro-nutrient uptake.
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Abstract
This work demonstrates the efficiency of the cascade reactions method for mining waste recovery. We
carried out physical and chemical investigations, including the kinetics and mechanism of mineral
decomposition in sulphuric acid, and the composition and properties of emerging solid phases to
determine the sequence of operations, optimizing parameters and the operations protocol. We have
found that a method based on serial-parallel reactions facilitates the involvement of reaction products
in subsequent reactions. A sensible combination of chemical and physical methods and adherence to
specification provides comprehensive utilization of mineral wastes, converting their components to
various valuable products. This technology is practically waste-free. The cascade reactions method
can also be applied to different mineral wastes.
Key words: mineral waste, nepheline, apatite, titanite, cascade reactions method
1.INTRODUCTION
Conservation of mineral resources is nowadays necessary due to their scarcity and the inability to
produce them from other sources. Most mineral deposits are worked extensively, although only a
small proportion of the valuable components are utilized. The concept of sustainable development has
gained world support over the last several years (MMSD project report, 2002). In the context of
mineral resources, the recovery of mining wastes promises to alleviate the load on the environment
(European Parliament and the Council of the EU, 2002). Currently, vast dumping areas not only
occupy usable areas, but also pollute the air, soil and water, and both the earth’s surface and its
underground (Broadhurst and Petrie 2010, Branwart, and Malmstrom, 2001, Broadhurst, et al., 2007,
Moncur, et al., 2005, Tadessa, et al., 1994). In this respect, research and development in mining waste
utilization is topical issue. The currently available technology for processing mineral waste is based on
concentrating or on chemical methods. This technology extracts only one, or a few, components, thus
failing to comprehensively recover minerals or to significantly reduce environmental loads.
The proposed method for waste processing is based on the cascade reactions method, where as a result
of serial-parallel reactions some of the products become the feed for subsequent reactions which
results in new products. The important factor is that chemical transformations produce marketable
products from all, or most, of the mineral components, so that the method can rightly be called
minimal-waste, or even zero-waste. The cascade method can be widely used for polymineral wastes
processing. However, practical implementation requires carrying out complex physical and chemical
investigations, including the following stages:
-

determining the quantity of each mineral component;

-

determining the field of application of each mineral component;
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-

selecting the chemical reactions resulting in target product formation;

-

studying the kinetics and mechanism of target product formation;

-

selecting the optimal component ratio for directed synthesis of products with pre-assigned
properties.

In this work, the case study of the cascade method used is apatite-nepheline ore dressing waste
recovery (Kola Peninsula, Russia). These are flotation wastes after apatite and nepheline concentrate
extraction. Practically unprocessed, they are dumped as an aqueous suspension. The new processing
technology allows out low-cost products for paint/varnish, building materials and reagents for cleaning
effluent and drinking water from suspensions and deleterious impurities, including radionuclides.
2. MATERIAL AND METHODS
The material under the study was nepheline tailings (fraction 5-150 m) with the following
composition (weight %): nepheline –30, apatite –5, titanite –25, egirine –35, and feldspar. The fine
fraction (up to 50 m) basically consists of apatite and nepheline, with traces of titanite, egirine and
feldspar. The latter is concentrated in the coarser fraction. Sulfuric acid (10-40 % H2SO4) was utilized
in decomposition processes.
During preliminary investigation of individual concentrates, a synthetic concentrate mixture similar to
the real wastes was prepared. The experiment was carried out in a reactor equipped with a stirrer and a
thermometer, under reflux. The reactor was first supplied with a calculated amount of sulfuric acid,
whereupon the corresponding amount of concentrate was gradually added under stirring. The obtained
suspension was heated (if it was necessary), stirred, and the mixture was held for 2-8 hours. The liquid
phase was filtrated and both solid and liquid products were analyzed. The pH of solutions was
measured with an Orion pH meter 611. The concentration of metal ions in solutions was determined
using an AAS-300 atomic absorption spectrometer. Powder X-ray diffraction studies of samples were
performed using a Siemens D 5000 diffractometer with a monochromatic Cu K radiation ( = 1.5418
Å). A scanning rate of 2.4º min-1 was used for a 2 diffraction angle range of 10-60 degrees.
3. RESULTS AND DISCUSSION
The process of a polymineral waste decomposing, resulting in synthetic and mineral products, is based
on dissimilar solubility of individual minerals in a sulphuric acid medium. It results in gradual
component leaching into the liquid phase with following conversion into compounds that are target
products, either individually or in combination. By alternating chemical (interaction between the solid
phase and sulphuric acid) and physical operations (suspension separation), intermediate and final
products are obtained according to the scheme presented in Fig. 1.
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Fig. 1. Flowsheet of cascade technology
The principal chemical reactions underlying the method are the following:
(NaK)2Al2O32SiO2 +4H2SO4 = (NaK)2SO4 +Al2(SO4)3 +H2SiO4 + 3H2O

(1)

nepheline
Ca5(PO4)3F + 5H2SO4 = 3H3PO4 +HF + 5CaSO4

(2)

apatite
Al2(SO4)3 + 2H3PO4 = 2AlPO4 + 3H2SO4

(3)

CaSiTiO5 +2H2SO4 = TiOSO4 + CaSO4 + SiO2 + 2H2O

(4)

titanite
TiOSO4 + H3PO4 + H2O = Ti(O )2(HPO4

+ H2SO4

(5)

Using this pattern of nepheline tailing recovery, the following products are obtained: an alumosilicate
coagulating-flocculating agent (KF), acidic and basic aluminum phosphate (AF), composites
consisting of aluminum phosphate, silica gel (SG), anhydrous calcium sulfate (CS), amorphous silica
(S), and hydrated titanium phosphate (TF). The minerals, unaffected by sulfuric acid under these
conditions, undergo magnetic separation. This is how egirine concentrates, containing 90% of these
minerals, are produced.
The main difficulty in the technology development is connected with the instability of
multicomponent mineral system. Therefore, at the initial stage one has to determine the quantity of
each of the mineral components, the kinetics of component interaction with selected sulfuric acid
solution, the kinetics and mechanism of mono- and/or poly-phase residues on the basis of the primary
reaction products, and the optimum relationship of the mineral components for directed synthesis
resulting in target products with preassigned properties.
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3.1. Nepheline decomposition
It has been found that both the type and structure of minerals incorporated in the wastes determine the
order and rate of their dissolution. Therefore, nepheline, as the weakest mineral, was leached at the
first stage (Tole, et al., 1986, Hamilton, et al., 2001).
When studying the first process stage (Reaction 1), a sulphuric acid solution with a concentration of
50-150 g·l-1 H2SO4 was used. The acid consumption was 50-85% of the theoretical value necessary for
interaction with acid-soluble nepheline components. The reaction of nepheline decomposition is
accompanied by heat release in amounts sufficient to carry out the process without an external power
supply. Nepheline batches were added to the sulphuric acid solution during a period of 15-20 minutes
and then the reaction suspension was stirred for 1 hour. When the acid concentrations were lower than
100 g·l-1 H2SO4, the leaching of the main components was incomplete, their contents in the liquid
phase not exceeding 20 g·l-1 of aluminum and silica. Total leaching of the components was achieved
by increasing the acid concentration to 150 g·l-1. Simultaneously, the process of aluminum sulphate
and potassium aluminate crystallization was observed. Silica, under these conditions, tends to form
barely filterable colloid systems. With H2SO4 consumption of less than 85% of its stoichiometric
quantity, the level of nepheline decomposition falls abruptly, while the suspension increasingly tends
to polymerization and formation of colloids.
Increasing the acid consumption to higher than 85% of the stoichiometric quantity promotes
dissolving of the main components to almost 90%, but the obtained acidic solutions cannot be further
utilized in, for instance, coagulation-flocculation because the low pH value may acidify the treated
water. According to date obtained, the optimal conditions for nepheline decomposition are: 100 g·l-1
of H2SO4 at an 85% of stoichiometric consumption (Table 1).
ble 1. Nepheline decomposition by sulphuric acid
H2SO4, concentration,
g·l-1

50

100

150

H2SO4, consumption, % of
stoichiometric value

Content of
components in
suspension, %

Leaching to
solution, %

Solution
stability, h

Al2O3

SiO2

Al2O3

SiO2

50

11.8

21.2

50.2

51.1

48

85

10.9

18.8

79.0

76.8

48

100

10.0

17.2

84.3

82.5

6

50

29.5

50.3

62.3

60.5

3

85

29.4

44.2

89.7

90.4

18

100

21.8

39.4

92.2

94.7

8

50

52.0

88.2

73.4

70.7

1

85

33.3

56.3

79.8

76.6

2

100

Polymerization in the process of preparation

he pH of the resulting solution was 1.9-2.0. These conditions ensure only the nepheline
decomposition and release of the elements into the solution (Reaction 1). The mixture was stirred for
one hour, and the pH was increased up to 2.1-2.3. When the reaction was completed, the solid
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products were isolated by filtration to obtain stable colloid products (Otterstedt, et al., 1987, Goto, et
al., 1992). The concentrations of all elements in the resulting liquid phase (in terms of oxides) are, g l1
: Al2O3 –25, SiO2 –44, Na2O –15, K2O –5, Fe2O3 –1.5. The degree of nepheline decomposition,
calculated from the quantity of aluminum and silica extracted to the liquid phase, is about 90%.
Because colloidal hydrosilicic acid coagulates in aqueous solutions, it can be used as a coagulatingflocculating agent (Zakharov, et al., 1996). The colloidal silica particles of a polymeric structure have
a high surface area and facilitate the adsorption of dissolved impurities, increasing the degree of
wastewater purification.
3.2 Apatite decomposition
At the second stage, apatite interacts with sulphuric acid. Apatite interaction with sulphuric acid is
known (Pozin, 1974, Evenchik and Brodskii, 1987) to result in phosphoric acid with a concentration of
28-50% in terms of P2O5, and calcium sulphate as gypsum.
The effect of sulphuric acid concentration and consumption, and the process duration, both on the
degree of apatite decomposition and structural peculiarities of the calcium phase have been studied
here. Concentrated sulphuric acid (110% of its stoichiometric quantity), in amounts needed to bind
calcium into gypsum, was slowly (~30 min) poured into a stirred apatite aqueous suspension. The
resulting H2SO4 concentration in the suspension liquid phase was 15-40%. The reacting mixture was
heated to 80 and stirred for 2-6 hours. The process temperature and time affect both the structure of
calcium sulphate and the extraction of fluorine, released as a hexafluosilicic acid with a steam-gas
phase (SiO2+6HF H2SiF6+2H2O), thus diminishes the medium aggressiveness. The crystallized
gypsum phase is isolated by filtration and washed with water (solid-to-liquid ratio was 1:3). Table 2
presents the results of the apatite decomposition.
Table 2. The effect of the time of apatite decomposition and H2SO4 consumption on the liquid phase
composition
Liquid phase composition, g·l-1

Decomposing
conditions
H2SO4, %

,h

P2O5

SO3

F

Solid phase composition, %
SiO2

The filtrates are unstable, precipitating
immediately after filtration.

P2O5

SO3

SiO2

-

-

-

-

1.89

40.8

1.58

35.4

15

2

40

2

40

4

205.4

3.14

0.95

0.51

2.54

1.87

41.5

0.64

36.5

15

4

162.6

3.87

0.83

0.48

2.20

1.97

42.7

0.47

39.5

15

6

226.7

2.28

0.45

0.30

0.87

1.56

35.0

0.25

36.6

Keeping the sulphuric acid suspension for 2 hours at 80 irrespective of the H2SO4 concentration is
insufficient for complete precipitation of the solid phase. After up to 4 hours, the system approached
equilibrium, with calcium almost totally precipitated. The content of phosphorus in the liquid phase
increased with increasing sulphuric acid concentration. Maximum phosphorus extraction was achieved
after 6 hours (Fig. 2).

345

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
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Figure 2. Phosphorus (V) release from apatite during its decomposition by H2SO4, % ( -10, -20, 40)
According to XRD analysis, the basic phase is gypsum CaSO4 2H2O (Fig. 3f) in all the samples.
Crystal optics analysis has revealed the shape of its particles to be needle-prismatic; they vary in size
from 4-28 m to 5-64 m, with a tendency to aggregate. The impurity phase is anhydrous and the
quantity increases with increasing sulphuric acid concentration.

Figure 3. XRD powder patterns for (a) initial mineral waste, (b) after nepheline leaching, (c) after
apatite leaching, (d) after titanite leaching, (e) AlPO4, (f) CaSO4. -titanite, - nepheline, - apatite,
x- egirine, -CaSO4
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The studies showed that increasing the H2SO4 concentration to more than 20% is impractical because
in real wastes titanite may become involved in dissolution processes (Fig. 4). Therefore, the following
conditions are optimal for apatite decomposition: sulphuric acid concentration of 15-20%,
temperature—80oC, process time—5-6 hours. The gypsum precipitate is well aggregated and slightly
active relative to the mother liquor.
TiO2, gl-1
80

60

40

20

0
1

2

3

4

h

5

6

7

Figure 4. Titanium (IV) release from titanite during its decomposition (Tboil) by H2SO4, % ( -15, -40)
3.3 Titanite decomposition
The basic requirement for titanite decomposition is leaching titanium (IV) into the liquid phase. As
was previously established, the process occurs under severe conditions: 1000-1700 g·l-1 2SO4 and
elevated temperatures of 140-200 (Goryachev and Dvegubskii, 1990). At low acid concentrations
(up to 300 g/l H2SO4) (Motov and Maksimova, 1983) titanium (IV) is unstable in the liquid phase and
precipitates as titanium hydroxide. The degree of mineral decomposition does not exceed 50%.
The sulphuric acid with concentration was 400-600 g·l-1 H2SO4 has been used in the study. It provides
for high stability of titanium (IV) in the liquid phase and results in a universal titanium-containing
precursor (as a solution) used in the synthesis of various titanium-containing products. The object of
investigation was finely ground titanite (TiO2 – 35-37%). The decomposition process was conducted
at a boiling temperature (108-115 ); the solid-to-liquid ratio was 1:3. The resulting suspension was
kept under boiling and stirring for 7 hours. In addition, titanite components leached into the sulphuric
acid phase, gradually forming solid reaction products—calcium sulphate and amorphous silica. Being
highly soluble, titanium (IV) concentrated in the liquid phase. As the process is heterogeneous and
occurs at the liquid (sulphuric acid) and solid (mineral particles) interface, its rate depends not only on
the sulphuric acid concentration and temperature, but on the particle grain size as well.
Figure 5 presents the effect of heating and sulphuric acid concentration on titanium (IV) content in the
liquid phase. The first stage of the process was a chemical reaction, occurred on the particle surface
and was followed by mineral components leaching into the liquid phase, gradually forming solid
products. The reaction occurred for about 60 minutes. The chemical reaction rate can be positively
impacted by increasing the temperature and H2SO4 concentration.
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Figure 5. Titanium (IV) release from titanite during its decomposition (Tboil) by H2SO4, g·l-1
(-400,-500, -600)
The XRD (Fig. 3d) data suggest that the solid phase mostly consists of titanite, egirine and, to a lesser
degree, anhydrous calcium sulfate. As the quantity of the reaction products in the reacting suspension
increased, the process became slower. According to SEM data undecomposed titanite particles were
covered by anhydrous gypsum, which formed a porous shell on the surface particles (Fig. 6).

Figure 6. SEM image of titanite particle
Decomposition proceeded to the second stage due to reagent diffusion through this shell. At this stage,
the reaction rate was much slower than it was initially. After about 5 hours, it was slow enough to
suggest that the system had reached pseudoequilibrium, which can be disrupted only by some external
action. The optimal concentration of sulphuric acid should be taken as 600 g/l H2SO4, with a titanium
(IV) content in the liquid phase of not less than 80 g·l-1 in TiO2.
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3.4. Description of the flow sheet, target product composition and properties
The principle schematic flowsheet of mineral waste processing with the production of marketable
products is presented in Fig. 7. The process occurred in periodic mode. At the first stage, the mineral
wastes were treated with sulphuric acid to a concentration of 100 g·l-1. The solid-to-liquid ratio was
1:8. Under selected conditions, the degree of nepheline decomposition exceeded 90%. When pH = 2.12.3, the liquid phase was isolated by filtration or decantation. The filtrate, representing a colloid
solution of aluminum and silica, was diluted with water to 10 g l-1 of SiO2 to enhance its aggregative
stability.
The coagulating-flocculating characteristics of this colloid solution (Product I) are
demonstrated in Table 3. It is evident that Product I performs well enough to be recommended for
treating industrial effluents from oil and suspensions (Pacheco and Rodriguez, 2000, Tzoupanos, et
al., 2008, Zouboulis and Tzoupanos, 2009).

Figure 7. Schematic flowsheet of nepheline tailing recovery
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ble 3. The efficiency of alumosilicate coagulant for purification of industrial wastewater
Salts
Oil

Suspensions

Nitrate

Sulphate

Chloride

Phosphate

Fe

pH

0.53/

87.6/

1.41/

69.8/

17.2/

2.93/

3.50/

7.2/

0.27

14.2

1.00

63.6

14.6

0.89

0.99

7.1

numerator- anions concentration before purification, denominator- anions concentration
after purification, mg·l-1
At the second stage of decomposition, the mineral residue was treated with 15% H2SO4 at a solid-toliquid ratio of 1:1. The suspension was heated to 80oC and kept for 6 hours under stirring. Heating
results in decomposition of apatite and a residual quantity of nepheline, forming a phosphoric solution
containing aluminum and silica (Fig. 3i). Calcium sulphate crystallized as gypsum and precipitates;
the precipitate was filtrated from solution and sent to the third stage. By adding phosphoric acid to the
liquid phase, aluminum phosphates and silica gel were precipitated. The residue was washed from the
mother liquor and heated (Product II). The levels of both washing and thermal treatment temperature
(Table 4) depend on the requirements for the final product (Kalendova, 2002, 2003, Tolmachev, 1998,
Latishev, et al., 1997).
ble 4 Characteristic features of Product II
Heat treatment, o

pH of
extract

Up to 50

1.0-1.5

Acidic aluminium
hydrophosphate, silica-gel,
water

Anticorrosion paint primers,
underpaint putty

Up to 100

5.5-7.0

Basic aluminium
hydrophosphate, silica-gel

Water-based paints (dull)

450-500

6.0-7.0

Basic aluminium phosphate,
amorphous silica

Water- and organic-based
paints (gloss)

aqueous

Components

Areas of application

After the second stage, the solid residue consisting of titanite, egirine and calcium sulphate (Fig. 3c)
was treated with sulphuric acid (600 g·l-1 H2SO4); the solid-to-liquid ratio was 1:3. The reacting
mixture was heated to boiling and kept at that temperature for 7 hours, after which the suspension was
filtrated. The sulphuric acid filtrate with a titanium (IV) concentration of 70-80 g·l-1 TiO2 and 450 g l-1
H2SO4 is used for synthesis of titanium-containing compositions (Product III), in particular for
hydrated titanium phosphate (Clearfield, 1995, Nilchi, et al., 2004, Bortun, et al., 1997).
For this purpose, the solution was heated up to 70 o and a corresponding amount of phosphate
reagent (molar ratio of TiO2:P2O5 = 1:0.5-5) was slowly added to form a solid phase, namely, titanium
phosphate (Reaction 5). As a phosphate reagent, evaporated filtrate after the second stage of
decomposition was used. The suspension was stirred at this temperature for 8 hours, after which the
solid was filtered and washed, first with 5% H3PO4 (to remove the excess H2SO4) and then with water
(up to pH = 2.8-3.2). The solid products were dried initially in air and then at 60 . The degree of
titanium (IV) precipitation during titanium phosphate production was 96-99%. The final material was
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amorphous titanium hydroxyphosphate (TiP), with the formula Ti(OH) 2 (HPO4) 2H2O, which can be
used as an ion-exchanger (Maslova et al., 2008). The obtained adsorbent can be used successfully for
purifying liquid radioactive wastes from radionuclides and industrial effluents from heavy non-ferrous
and toxic metals. The performance of this adsorbent is illustrated in Fig. 8.
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Figure 8. Sorption capacity (A) of some cations by titanium phosphate
The residue after the third stage of decomposition (Fig. 3f) is separated into two fractions using
hydraulic classification. The light fraction, collected in a precipitation tank, consists of
phosphogypsum, calcium sulphate in the anhydrite form, and amorphous silica. The precipitate is
thermally treated at a temperature not higher than 300 oC. The resulting Product IV represents a white,
or light beige, powder fit for use in the production of dry building mixtures (Singh and Garg, 1992,
2000, Olmez and Erden, 1989, .Singh, 1988). The heavy mineral part, almost entirely consisting of
egirine (Product V), is dried and used to make atmosphere-resistant fillers of paint/varnish and
building materials.
CONCLUSION
The composition of apatite-nepheline ore dressing wastes has been studied to establish the parameters
of chemical processing stages in the cascade reactions method. During the kinetic studies, the
operation sequence and conditions of interaction between the waste components and H 2SO4 were
determined. The mechanism of the formation of mono- and poly-phase residues on the basis of
primary reaction products has been established. Optimal parameters for directed synthesis of target
products with preassigned properties and the area of their application have been determined. The new
process of nepheline tailings recovery is technologically attractive, considering that all steps are interconnected and all by-products are utilized. This technology will make it possible to reduce the amount
of dumped wastes by 70-80%.
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Abstract
The complex of the former Nickel smelter in Sere is located at the Podunajská rovina Plain on the
border to cadastral areas of the Sere and Dolná Streda. The dump presents a highly negative
phenomenon from environmental point of view. From the aspect of quality of life and protection of the
environment it is a very anthropogenic degraded landscape area. The situation is important because it
is the region with the most productive, highly and very productive soils, which has fulfilled mostly
agrarian function. After 30 years the production of nickel smelter (1963-1993) was stopped for
economical and ecological reasons, but environmental loads stayed here and degrade the environment
also today. From this aspect the dump of lúženec with a capacity of 6.5 - 8.0 million [t] and the area
of the former nickel smelter belong to the most hazardous. Their recultivation has not been fully
implemented, because the dump of lúženec is a private property and the Act of the environmental
loads has not been submitted for the approval to the Parliament of the Slovak Republic.
Key words: dump of the lúženec, Sere , Nickel smelter, geoecological structure
1. INTRODUCTION
Construction of Czechoslovak smelter for nickel production in Sere was decided by the government
resolution number 1735/56. The main reason was embargo of the capitalist countries to export of
nickel and its increasing consumption not only in Czechoslovak metallurgical industry. The
construction of the smelter started in 1959 and first nickel was produced in 1963. The main raw
material was the lateritic iron-nickel ore which was imported from Albania (with contend of nickel
about 1 % in one tonne of imported ore). The building up of Nickel smelter at Sere was at that time
very important and stimulates the development of the town. At present time after 30 years of
metallurgical industry existence the state of the landscape structure and environment is very degraded
(Klinda, Bohuš, 2008). According the regionalization of the environment of Ministry of Environment
of the Slovak Republic (2010) it is a highly disturbed area from the aspect of environmental quality.
Degradation of the region is the result of the non-conceptual socialist industrialization of Slovakia.
The industrial dump of the metallurgical waste of lúženec is located on Dolnovážska niva Flood Plain of Podunajská rovina Plain (Mazúr, Lukniš, 1980) in 125 m altitude, between a railway
interconnecting the settlements Sere and Galanta number 133 and 250 metres to the north of the
European route number 51 (Sere – Nitra).
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2. MATERIAL AND METHODS
Methodology is oriented towards the research of the geoecological structure of the observed territory
on the basis of the analysis of its individual components. The present structure of the landscape on
dump lúženec according to the corresponding categories of landscape elements and new individual
elements were identified by using the interpretation of colourful satellite orthophoto map from 2009
(Fig.1) with high resolution. Digitalization of spatial data of individual elements were processed
manually by method „on screen“ (directly on the PC screen) by software ArcView GIS 3.1 in scale 1 :
3 000. Identified landscape elements were consequently included into a specifically modified legend
according to their content characteristics. Obtained results were verified in the terrain research realized
in 2009 - 2010.
2.1 .Study area
The dump of lúženec was located without any isolation to the Váh River Flood – plain (Mazúr,
Lukniš, 1980), which is being built on the lithologically variable (sandy-clay and clay) Holocene
sediments (10 - 12 meters) deposited on the Neogene basement (Maglay et al., 2005). The
permeability of lúženec is very high, so rainfall passes trough the mass. Big part of them is quickly
evaporated, because the lúženec absorbs solar radiation very intensively.

Fig. 1. Satellite image of study area (© LANDSAT, 2009)
2.2. Composition of lúženec and the possibility of its utilization in the economy
The body dump of lúženec has been formed over 30 years and has developed by the fusion of several
multilevel side by side gradually increasing the accumulation plateau of the waste (settling pits).
Lúženec is a waste from the nonferrous metallurgy of Nickel and Cobalt production based on the
imported Albanian lateritic iron- nickel ore with content of Ni 1 % per tone.
The lúženec from petrographical composition is homogeneous a mo sand material of black colour. It
was originated by grinding and washing the Albanian lateritic iron-nickel ore (at present the volume of
the dump is 6.5 million [t]). It is a medium rich Fe concentrate and from this aspect could be used for
smelting in blast furnaces (Kalebá , Soucek, Had 1987). The high chromium content and texture of
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this material limits its use in metallurgy. The use of lúženec for the production of ferrochromium is not
possible for the low of chromium content (Kalebá , Soucek, Had 1987). The use of lúženec in the
industry of building materials as additives for the cement was stopped from the point of chromium
content. This element is under EU law inadmissible in buildings materials. It is a health damaging.
Only a small part of lúženec is used in the wash of brown coal. The owner the dump is a private
company that performs mining. Annual production is around 22 000 t. Other activities of the company
are not known, data are not available (for example: where exported the lúženec, for which purpose). In
this way (a volume of mining) can by liquidate the dump around for 300 years.
Table 3. Production of metal, waste and chemical composition of lúženec, annual consumption of
chemicals in Nickel smelter in Sere
Annual production of
metal in [t], [%] of
waste

3000 Ni, 60 Co,

Annual production of
waste and for 30 years
in [t],

Chemical composition of lúženec in
[%]

Annual
consumption of
chemicals in [t]

300 000 lúženca,
9 000 000 mil.lúženca

50 - 80 Fe, 2,5 – 3,5 Cr2O3, 6 – 8
SiO2, 6 – 8 Al2O3, 2,5 – 3,5 CaO,
0,17 % Ni, 0,6 – 0,18 P2O3

2 800 NH4OH,
1200 Na2S, 611
HCl, 1 013
H2SO4

1,02 of waste

Source of: Kalebá , Sou ek, Had, 1987
3. RESULTS AND DISCUSSION
3.1. Physical geographical structure of the dump of lúženec
The dump of lúženec is a disharmonious element of relief in the landscape of fluvial plain. It is
anthropogenic industrial, fire-resistant, surface, convex, accumulation relief form (Zapletal 1969,
1976, Lacika 1999), anthropogenic table with gradient of the slope between 5 - 45° and triangular base
(Fig. 1). The biggest length of the dump is 750 metres and the width is 550 metres (volume 6.5- 8.5
mil., in 1993 approximately 9.0 mil. [t]), height 45 meters. To the dump of lúženec are active four
types of geomorphological processes now: fluvial erosion (gully, rills), creep wash, deflation and
anthropogenic processes - surface mining, which is accelerates all of them.
The observed territory belongs in the warm climatic area into climate district T1 – warm and very dry
with mild winter. Average air temperature in January is -3° C, and the July 19° C. The annual average
air temperature is 9.5° C (Landscape Atlas of the Slovak republic 2002, map 27., p.95).Average
number of summer days is more than 60 per year and number of days with snow cover (with height
from 9 to 10 cm) is 40. The annual deficit of the rainfall is hier 100 to 150 mm. The region has more
than 2 000 hours of sunshine per year, on average 285 in July and 50 in December and during of the
growing period it is 1450 hours. In the annual average is dominated wind direction NW – SE (50.2 %)
and the second sequence is S - J (45 %). In the surface layer of the atmosphere the region is well
ventilated, but there is a emissions of lúženec to the environment (almost 45 year old problem of
municipality Sere , Dolná Streda and the surrounding area).
The territory belongs to the Váh River basin. The dump of lúženec lies between the Váh River and
Der a Brook (flowing in parallel in NW – SE direction at distance 4 km from its river bed). The
annual average overflow of the Váh at Sere is 152.6 m3.s-1. The underground waters react to the
water regime of Váh River. Their collectors are in the depth of 2 – 3.5 m under the surface.
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Fig. 2. Gully erosion

Fig. 4. Nickel smelter in Sere

Fig. 3. Rill wash

Fig. 5. Mining on the dump

The soil cover on the dump of lúženec and in the area of Nickel smelter represented Anthropo –
Sceletic Leptosols (Table 1., 2. ) they are not suitable for agrosystems (Šály 2000). Chemical analysis
of the soil samples from the dump of lúženec indicates that the soils are strongly alkaline with a low
share of organic material and a disproportionate ratio of C: N, low content of K and P, low water
capacity, high evaporation and temperature (34 ºC in depth 0.10 [m]).
The dump of lúženec and the area of Nickel smelter at Sere have specific vegetation, classified as
methahemerobic vegetation with minimal biogeneous processes (Jurko 1990). The coefficient of
ecological stability of these structures is low, 0.2 (area with a significant disruption of the natural
structure).
3.2. Characteristics of the present landscape structure on the dump lúženec
A detailed analysis of land cover has not yet been made for this area. Land cover mapping was
performed in order need to know the structure of the landscape. Previous studies have only partially
solved the problems of the wider area, but understanding the current state of the dump, which has a
significant impact on quality of life in the region at present, we consider very important.
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Table 1. Chemical analyses of soils on the dump of lúženec.
Soil probe 1

Soil probe 3

Parametres

Horizon A

Horizon B

Horizon A

Horizon B

Horizon C

Depth [m]

0.15 - 0.20

0.40 - 0.45

0.10 -0.15

0.20 - 0.25

0.30 - 0.35

pH/H2O

7.98

8.36

7.80

8.25

8.51

TOC [%]

0.85

0.09

8.15

1.63

0.14

C [%]

2.06

1.02

11.7

5.92

0.73

N [%]

0.19

0.06

1.01

0.28

0.06

Fe2O3 tot [%]

74.4

76.0

45.0

43.4

76.6

Al2O3 [%]

3.46

3.06

2.08

2.17

3.70

-1

2655

3061

1705

1730

3118

-1

22600

22350

13160

12430

21370

-1

30

56

68

62

69

-1

Zn [mg.kg ]

253

273

219

207

290

Fraction< 0.01

10.5

8.6

15.5

27.7

11.3

Ni [mg.kg ]
Cr [mg.kg ]
Cu [mg.kg ]

Source of: soil sampling in 2011
Table 2. Chemical analyses of soils on the dump of lúženec and near agriculture landscape (probe 6).
Soil probe 4,

Soil probe 5

Soil probe 6

Parameters

Horizon A

Horizon A

Horizon B

Horizon C

Horizon A

Horizon B

Depth [m]

0.05 – 0.10

0.05 – 0.10

0,20 – 0.25

0.35 -0.40

0.25 -0.30

0.45 – 0.50

pH/H2O

8.26

7.59

8.21

8.68

7.20

7.96

TOC [%]

0.05

9.76

2.99

0.12

1.78

0.82

C [%]

0.74

15.8

11.0

0.97

2.07

1.49

N [%]

0.05

1.16

0.38

0.06

0.34

0.22

Fe2O3 tot [%]

77.8

28.5

18.7

72.1

10.6

4.84

Al2O3 [%]

3.27

1.77

1.91

3.88

11.6

9.89

Ni [mg.kg-1]

2920

1165

641

3106

198

45

Cr [mg.kg ]

24300

8937

4873

20110

1443

81

Cu [mg.kg-1]

49

50

31

72

41

25

Zn [mg.kg ]

300

155

95

291

102

50

fraction< 0.01

11.1

30.2

46.4

11.2

49.7

30.7

-1

-1

Source of: soil sampling in 2011
According to Ružicka (2000) we have identified nearly 200 landscape elements, which are included by
specific character of the region into 6 subgroups and 3 groups (Table 4.):
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1. Group of forest and non-forest vegetation elements
1.1. Populus canescens stands with Calamagrostis epigejos undergrowth
2. Group of tallus-herbaceous stands elements
2.1. Calamagrostis epigejos stands
2.2. Artemisia absinthum stands
2.3. Phragmites communis stands
2.4. Other stands
3. Group of uncovered substrate elements
3.1. Uncovered areals
Table 4. Landscape elements area and number of patches in 2009.
Landscape elements
Populus canescens stands with Calamagrostis epigejos
undergrowth
Calamagrostis epigejos stands
Artemisia absinthum stands
Phragmites communis stands
Other stands
Uncovered areals
Total

[ha]

[%]

2,5
9.0
3,8
14.0
3,7
13.0
0,2
0.4
6,8
23.6
11
40.0
28
100

number of
patches
117
21
1
1
17
32
189

The land cover of the dump represents completely a new individual type. Composition of plant species
is a unique. It is not similar to habitats on the others dumps. From the aspect of representation of a
different groups share most landscape elements are of herbal-grass areas (Banásová, Hajdúk, 1984).
Largest number of the plant species is in foot of dump to a height of about 2 two meters. In these parts
is lúženec deposited on the imported material (gravel and dust) which formed the basis for the built up
of the settling pit in past. Increased transport of seeds from neighbouring fields and specific
microclimate of this contact zone is a key component the existence of dense vegetation on the foot of
the slopes of dump. Vegetation cover has in this area abundance approximately from 60 to 80%. In the
first zone at the foot of the dump are plants with bolt roots, for example: Cardaria draba, Carduus
acanthoides and Convolvulus arvensis. Above it there are other ruderal species as Agropyrum repens,
Reseda lutea and Artemisia absinthum. From other species is here Bromus inermis, Cynodon dactylon
and Arrhenatherum elatius. In the higher part of the dump slopes on the pure lúženec vegetation is a
sporadic. It is concentrated of bunches and occupies a smaller depression in the oldest parts of the
dump. The vegetation of the dump is mostly incoherent and in species homogeneous. Grasses Dactylis
glomerata, Poa pratensis (rare species) and Festuca rubra are found as remnants after the failed
hydroseeding process (1976-1978 and 1980).The last two designated species are on lúženec
sporadically. The most vital species with relatively high seed germination capacity (78%) is Dactylis
glomerata as confirmed by experiments realized in the past (Banásová, Hajduk, 1977, 1984).
From the plant species of spontaneous succession are on the lúženec most frequently Centaurea
stoebe, Carduus acanthoides and Salsola kali. The occurrence of this species was also observed on
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dumps of asbestos (Banásová, 1970). The tree vegetation is represented mainly Populus canenscens,
which created discontinuous stands especially in the top horizontal positions in the central and
southern parts of the dump. Its undergrowth consists of Calamagrostis epigejos. Calamagrostis
epigejos created the large areas also on the east, where the top plateau of the dump decreases. In the
southeastern part of the landfill are monocenosis Artemisia absinthum. Near the eastern edge of the
dump is found a smaller shallow terrain depression filled with water. The association of Phragmites
communis there are. Uncovered areas of occupy more than 11 ha, 40% of its total area (Fig.6).

Fig. 6. Landscape structure of the lúženec dump near to Sere town
3.3. The projects that should eliminate the impact of the dump on the environment since 1994
The liquidation of the dump of lúženec at Sere and its recultivation and elimination its impact on the
environment was in a few directions, but so far was successful of them except the partial recultivation.
The first: mining of lúženec as material for the production of low-alloy steel and ferro-alloys - an
experimental metallurgical research has demonstrated that this form of use is not economical.
The second: the use of lúženec as an admixture in cement - prohibited by EU legislation for the
content of chromium (it is a health damaging).
The third: the use of lúženec to the washing of brown coal - this form is of insignificant in relation to
its quantity.
The fourth: the redevelopment of the dump to the greening - for that possibility was realized
experimental research which designated the ability the selected plant species to grow on the toxic
waste. The research results showed, that recultivation to the greening is possible, but only with the
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10% admixture of sugar beet sludge into lúženec for improving its properties (Banásová, Hajduk,
1984). The recultivation was performed on 8 ha of the dump.
The fifth: the protection against the spread of polymetallical dust into the air - the sprinkling the dump
with water - is ineffective as the equipment built for this process is not working. Creating of the green
zone for the remediation to prevent the impact of the dump on the environment was not created.
The sixth: The elimination of groundwater pollution through the construction of the hydraulic
membrane and the amelioration channels has not been implemented due to high costs to investing and
to operating. Elimination of the dump on groundwater until today has not been made. The planned 50years the groundwater monitoring has not been also performed. The all possibilities the remediation
and liquidation of impact the dump on the environment have been processed into the projects, but have
not been performed.
3.4. The impact the dump of lúženec on the environment
The Nickel smelter in Sere 30 years contaminated the sediments of flood-plain of the Váh River and
groundwater, soil cover and air. After the liquidation the factory in 1994, sources of pollution have
been removed, but the environmental loads here stayed. The contamination persists for (dump of
lúženec, former area of Nickel smelter). The incorporation the dump of lúženec into the landscape as
seen from the number of proposed solutions is from the aspect the length of human life irreversible
process. The observed area is bound up to a number of other environmental loads damaging the
landscape structure.
The lúženec from the beginning of deposition in 1963 until the present is a secondary source of
dusting - escape polymetallic dust into the air. The uncovered areas of lúženec on the dump are at
present a serious problem of quality of life in the region. The dry weather and strong winds the dump
is a significant issuer the dusting. Emissions are manifested the especially on the microclimatic level.
The end result is the redeposition of polymetallic dust on soil cover, water, land cover and built-up
areas. Within the territory there is no air pollution monitoring station, so there is an absence of the data
on secondary dusting and other emissions. Of polymetallic dust are the most affected the settlements
Sere , Ve ká Ma a, Váhovce and Dolná Streda. Deflation is mainly from surface of mining and areas
without vegetation, which together represent more than 40% of the dump. State Health Department in
Galanta continually evaluates of SPM in the Dolná Streda. The heavy metal content of SPM in mg. m -2
is the highest, as compared with checkpoints. Into the air emits annually about 600 [t] of
polymetallical dust.

Fig. 7. The dust storm on the dump in Sere
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The current status of dump the lúženec causes environmental contamination which will continue to
dozens (maybe hundreds) of years. That is reflected on health of the population. Here is a high
prevalence of respiratory diseases and diseases of unknown aetiology, allergies, as well the formation
of neoplasm not just in adults, but increasingly also in a paediatric population (this situation does not
correlate with the length of human life).
The water contamination was influenced of the discharge of industrial technological water from the
1963 until to ending of operation in 1993 without any cleaning on the dump and directly into the
inundation area or directly into the Váh River. The water soaked into the alluvial sediments and passed
through a system of dead arms and artificially created dredging spoil directly into the river. At the
beginning of production has been discharged into the gravel pits of the factory site and from there was
pumped into the Váh River. During 30 years of operation nickel smelter at Sere did not WWTP. A
high proportion on groundwater pollution had a substance which the lúženec transported to the dump.
From the most important elements of groundwater pollution is ammonium and sulphate ions. In the
groundwater the Ni content been 26 times higher then the limit. Circulation of groundwater separated
from the pollution source as if "cloud of contaminated water" and moved him to the southwest and
west for a distance of more than 1000 m in the inundation area of the Derna River. O the 30 years, so
in 2027 can by expected a gradual infiltration of contaminated groundwater into the river Derna. The
resulting average concentration of ammonium ions in the stream was around 2.7 mg. l-1 (limit is 0.5
mg. l-1. The duration of elevated concentrations of ammonium ions is estimated to be around for 10
years. Their concentration should be after this time gradually to wear off naturally dilution (Klau o,
1994).
Monitoring of groundwater around the dump of lúženec was conducted 1990 - 1993 (after 27 years of
operation Nickel smelter, data are not published). The analysis of samples demonstrated the extremely
poor quality of groundwater (high concentrations of sulphates, ammonium, and nitrates).The
concentration of pollutants showed the extreme contamination of groundwater, which (Klau o, Filová,
Kova ik 1998) exceeded the limit of state standards. The working group recommended the Nickel
smelter to take concrete measures to the protecting of groundwater in the area. After the liquidation of
Nickel smelter the State has sold the dump a private company and is not responsible for its impact on
the environment. Pollution of ground and surface water was left on its natural elimination of
dispersion and diffusion processes. Implementation of this solution is not possible without systematic
monitoring of contaminated water.
The content of hazardous elements in agricultural soils in Sere and Dolná Streda (Vil ek, 2011) is
slightly under maximum allowable concentration. The nickel content is 7-8 times higher than its value
of the natural background in other locations. It is estimated that the area of agricultural soils that is
affected by the emission influence of pollutants from the production of nickel are of 1500 ha. To this
situation is significantly contributes deflation of lúženec from the dump. The secondary soil cover is
affected by irrigation (cumulative effect - deposition of hazardous elements in soils by contaminated
water).The original agro climatic conditions of the region indicate the development to the existing the
modern trends to of ecological agriculture. Contamination of soils and the total devastation of the
territory excluded these trends.
The research results show that the requirements for environmental protection was necessary to solve
the "ex ante" in the construction of the plant, not "post factum" after 30 years of full operation Nickel
smelter. The solution is very pessimistic - the liquidation through the self-cleaning ability of the
natural landscape. Liquidation of nickel Smelter means extinction the source of the environment
pollution, but contamination is persists still.
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4. CONCLUSION
In this paper we focused on the current structure on the dump lúženec and its impact on the
environment. Physical and chemical properties lúženca were the cause creating of a very specific
ecosystem that does not equivalent in the natural landscape. The properties of lúženec significantly
affecting the quality of the environment and they are a key problem in region of Sere . The
liquidation the lúženec dump by the mining is an ineffective. Great quantity of waste excludes use the
method phytosanation (Hronec, 1996).The method of microwave vitrification of lúženec even though
it is costly (Pyszková et al., 2004), but probably the most effective. The essence of vitrification
procedure is transformation the lúženec on the vitrite, which has a high the chemical stability and
water resistance. The method can be used on the large masses especially industrial wastes and it is
important from aspect of waste reduction. It is a very perspective method. Remediation of the landfill
is not currently possible, because it is private property.
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NOISE AS A SOCIAL ASPECT OF FREIGHT TRANSPORT IN THE CZECH REPUBLIC
Rudolf kampf,1, Milan Velechovsky2
UNIVERSITY OF PARDUBICE, Studentska 94, 532 10 Pardubice 2, Czech Republic
Abstract
Social aspects are those that have an impact on society as a whole or in substantial part thereof.
Transportation as an important sphere of human activity, numerousbears considerable social aspects,
both positive and negative. Transportation allowspeople to connect and isolate and integrate into
society and separation,facilitateshuman understanding and mutual enrichment and mutual
destruction, and missing. From the impartial point of view is itsel a value-neutral and has a purely
purposefulnature, but the concrete realization of transport, it is always possible to reveal both positive
and negative social features. In this sense, the right to help form a bridgebetween different cultures
and different people, but on the other hand, it may also help to create barriers to communication and
mutual beneficial co-existence and co-existence of such undermining and even destroying.
Key words: the noise, the social aspekt, freight transport, health.
1

IMPACTS OF TRANSPORT

Impacts of transport on the environment are paradoxical. On the one hand, the transport activity
supports the growing demand for mobility of persons and goods, ranging from urban areas to
international trade. On the other hand, transport activities, causing an overall increase in the level of
motorization and congestion. As a result, the transport sector is increasingly linked to environmental
problems. The technologies that strongly rely on the combustion of hydrocarbons, in particular with
internal combustion engine, the impact of transport on the environment are increasing in direct
proportion to increasing motorization. Currently, increasing motorisation has reached the point where
transport activity is the dominant factor in most of the emission of pollutants as well as the impacts on
the environment.
These effects, like most aspects of the environment can be divided into three categories:
• Direct effects - arise directly from the transport activities on the environment, where a causal
relationship is generally clear and understandable.
• Indirect effects - side effects of transport activities on the environment are often higher than the
consequences of direct impacts, but also difficult to establish.
• Cumulative effects - additive, multiplicative or synergistic effects of transport activities. They arise
as the various effects of direct and indirect impacts on the ecosystem are often unpredictable.
Relationships between transport and the environment are multidimensional. Some aspects are
unknown and some new findings may lead to drastic changes in environmental policies. Like a
growing concern about climate change. Transport gave an important dimension to the concept of
sustainability, this concept is currently one of the main targets of transport activities.
In addition to environmental impacts affect the environment are also various industrial processes that
involve the production of such vehicles and fuels, construction materials, some of which are very
energy intensive (eg aluminum), disposal of vehicles, parts and infrastructure.
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Transportation activity supports the growing demand for mobility of passengers and cargo, especially
in urban areas. Transport activities, but have resulted in increasing levels of motorization and
congestion. As a result, the transport sector is increasingly linked to environmental problems. The
most important impacts of transport on the environment related to noise, climate change, air quality,
water quality, soil quality, land grabbing.
2

NOISE

It represents a general effect of irregular and chaotic sounds. It is traumatic for the hearing organs,
which can affect the quality of life for its unpleasant and disturbing character. Prolonged exposure to
noise above 75 db seriously affects human behavior and affects physical and mental wellbeing. Traffic
noise coming from the movement of vehicles or traffic such as airports and ports, affects human
health, particularly through the increased risk of cardiovascular disease. Increasing the level of noise
has a negative impact on the urban environment, this is reflected in falling property values and prevent
productive land use.
Noise level due to the different means of transport depends on these factors:
the mechanical power
the vehicle speed
the mode of the engine
the technical state of vehicles
the quality of the road
the surrounding development
the weather conditions
Table. 1 A variety of sound levels part 1
Noise

Level (dB)

Sound intensity
(J/m2s)
Acoustic pressure (N/m2)

The lower limit of sensitivity

0

10

-12

0,000 02

Whisper

10

10

-11

0,000 065

Quiet garden

20

10

-10

0,000 2

Violin

30

10

-9

0,000 65

Action

40

10

-8

0,002

The noise in the cafeteria

50

10

-7

0,006 5

Interview

60

10

-6

0,02

Source: author of treatment
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Table. 2 A variety of sound levels part 2
Noise

Level (dB)

Sound intensity
(J/m2s)
Acoustic pressure (N/m2)

Heavily frequented streets

70

10

-5

0,064 5

Mechanical typewriter

80

10

-4

0,204

Moving train

90

10

-3

0,645

Maximum motorcycle noise

100

10

-2

2,04

Jackhammer

110

10

-1

6,45

Jet engine

120

1

20,4

Threshold of pain

130

10

64,5

Source: author of treatment
"Noise is inherent characteristic of transport". Basically, noise is unwanted sound.Acoustic noise level
of intensity is expressed in decibels, dB, on a scale from 1 dB to120 dB. The noise only occurs in the
form of vibration. Effects of noise are strictlylocal, as well as the vibrations are quickly diminished by
the distance and character of the landscape (trees, hills, etc.).
2.1

Health effects of noise

Noise is any unwanted sound that is disturbing or harassing nature, or which has harmful effects on
human health. The negative effects of noise on human health are both specific effects, manifested by
liver function both auditory analyzer and nonspecific effects (mimosluchové), which are exposed to
the functions of various body systems. These non-specific systemic effects manifest themselves
practically in the whole range of noise intensities, they are often involved in these stress responses. For
sufficiently proven adverse health effects of noise is now considered to be damage to the auditory
system, cardiovascular system, sleep disturbance and harassment and adverse effect on reading and
language acquisition in children.
2.2

Damage to the auditory apparatus

The essence of damage to the auditory system are physiologically at first temporary and then
permanent functional and morphological changes and sensory nerve cells of the inner ear organ
Cortiho. Hearing damage is sufficient evidence of exposure to noise at work, depending on the level of
equivalent noise level and duration of years of exposure. The risk of hearing impairment are also
available for noise mimopracovním environment during various activities associated with a higher
noise pollution - such as people living in close proximity to highly frequented airports or busy roads.
Epidemiological studies have shown that over 95% of the population exposed to no damage to the
auditory system even with lifetime exposure to noise in the environment and leisure activities at 24hour equivalent level to 70 dB. However completely exclude the possibility that at a lower level of
noise exposure may be a hearing damage in susceptible populations such as children or persons
simultaneously and exposed to vibration or ototoxic drugs or chemicals. It is also known that increased
noise in the home contributes to the development of hearing disorders in persons professionally
exposed to hazardous levels of noise in the workplace. Hearing damage can by no means negligible
increase long-term listening to loud recorded music (eg, frequent attendance at discos or concerts).
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2.3

Sleep disorders

The other very unpleasant health effects of noise include the adverse effects of sleep. Proven manifests
difficulty in falling asleep, waking up, altered the length and depth of sleep, especially REM sleep
reduction. May increase blood pressure, rapid heart rate, arrhythmias, vasoconstriction, changes in
breathing. The effect of disturbed sleep is also reflected in the following day as annoyance, impaired
mood, reduced performance, increased headaches or tiredness. Objectively, it was also shown to
increase the consumption of sedatives and sleeping drugs. Sensitive subpopulations are older people,
working in shifts, and people with functional mental disorders, people with difficulty sleeping. The
sleep disturbance does not occur in loud noise areas to adapt to people, even after more years.
2.4

Effect of noise on the cardiovascular system

Effect on the cardiovascular system has been demonstrated in several epidemiological and clinical
studies in the population (including children) living in noisy areas around airports, industrial plants or
noisy roads. Acute noise exposure activates the autonomic nervous and hormonal system and leads to
transient changes, such as increased blood pressure, heart rate and vasoconstriction.
After prolonged exposure to susceptible individuals in the exposed population may develop permanent
effects, such as hypertension and coronary heart disease. WHO general conclusion is that
cardiovascular effects are associated with equivalent long-term exposure to noise levels ranging from
65 to 70 db or more, with regard to air traffic or noise. However, this association is weak and is
somewhat stronger for CHD than for hypertension. However, even this small risk is potentially
significant given the large number of people so exposed. Based on some epidemiological studies, the
estimated rate of about 1.5 relative risk for hypertension and coronary heart disease in people exposed
to daily noise level equivalent to between 70 to 80 db.
2.5

Noise and mental illness

It is not envisaged that noise could be a direct cause of mental illness, but probably may contribute to
worsening of their symptoms or accelerate the development of latent mental disorders. Increased
sensitivity to disruptive effects of noise can be an indicator of subclinical mental disorders.
2.6

Annoyance

Annoyance is the most common reaction of people to noise levels. It is both due to the physical
properties of sound (intensity, frequency and duration of exposure) and is very much influenced by the
personal characteristics of the recipient. The population is about 10% are very sensitive to noise and
contrast over 10% tolerant and 80% of the population, the increasing noise level is rising adequately
and quantity of responses (feelings of resentment and harassment). When the effect of noise are very
important factors neakustické: social, psychological factors and factors of economic nature, which is
confirmed by the results of various studies that have shown the same effect of different noise levels in
the exposed population.
2.7

Effect of noise on the overall morbidity

The increase in overall morbidity was found in several epidemiological studies in the files of the
population, unprofessional exposed to high noise levels. The most likely explanation for this
phenomenon is a cause of chronic stress. This may be a disorder of blood pressure, coronary heart
disease, certain gastrointestinal disorders, inflammatory diseases, lower resistance to infection. It was
found that the differences in morbidity occurred only after some time spent in noisy environments
with vascular disease after 5-10 years, by nerve disease after 8-10 years of exposure.
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3

NOISE LIMIT

Noise limit in a protected outdoor area designed by Government Regulation No. 272/2011. On health
protection against adverse effects of noise and vibration, § 11Noise levels outdoors are expressed
equivalent levels of acoustic pressure. At the time of day the noisiest for eight hours at night for the
noisiest hour. For noise from traffic on public roads and railways and air traffic noise down for the
whole day and night.
Table 2. Maximum permissible noise levels in protected outdoor space and protected outdoor areas of
buildings

Land use patterns
Protected outdoor area of construction of medical
facilities including a spa.

Correction [dB]
1)

2)

3)

4)

-5

0

+5

+ 15

0

+5

+ 15

+5

+ 10

+ 20

Protected outdoor area of medical facilities including spa 0
Protected outdoor area protected by other buildings
and otheroutdoor areas

0

Source: author of treatment
1) shall apply to traffic noise from stationary sources, noise from public production of music, as
well as for the purpose communications noise and noise from railway stations providing
vlakotvorné work, especially roz ování assembly and freight trains, inspection and repair of
train cars.
2) shall apply to noise from traffic on the road III. Class III and local roads. classes and
pathways.
3) shall apply to noise from traffic on highways, roads I and II. classes and local roads I and
II. classes in areas where noise from traffic on these roads is prevailing over the noise of
traffic on other roads. It shall apply to noise from traffic on the runways in runway protection
zone.
4) shall apply in the case of old noise nuisance from traffic on roads with the exception of
purpose-built roads and railways referred to in section 2) and 3). This correction is maintained
even after laying a new surface road maintenance and reconstruction of railway tracks or road
expansion while maintaining directional or elevation line road or track, in which there shall be
no deterioration in existing noise levels outdoors in a sheltered, protected buildings and
outdoors and short-pass route. This correction is also used in protected outdoor areas in the
location of the apartment buildings in the annex or the superstructure of the existing dwelling
house or multi-purpose building construction or in the case of a unique residential, multipurpose building or completion of the vacant lot, and construction of residential or multiisolated objects in the completion of community centers and its historical parts.
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For night time, outside the protected space of buildings added further correction -10 db with the
exception of noise from traffic on the railway tracks, which applies correction -5 dB.
Residential buildings are buildings that are used even if only in part for housing.Protected outdoor area
of construction means the area within 2 m from the house for living, outdoor space is protected under
Act No. 272/2011 Coll., As amended, the area is used for recreation, sport, leisure and other
activities. Public Health noise limits in the protected buildings and outdoors, in a protected outdoor ac
are listed in the Government and as the noise limit. Values are expressed equivalent levels of acoustic
pressure. In the time of day for 8 consecutive contiguous noisiest night time hours and the noisiest 1
hour.
For noise from traffic on roads and railways, and air traffic noise, the equivalent sound pressure level
for the whole day and all night. For noise from sources other than traffic stays the daily equivalent
sound pressure level in a sheltered outdoor area protected buildings and outdoors at 50 dB (A) for
daytime and 40 dB (A) for night time. In case that a tonal component, then 45 dB (A) for daytime and
35 dB (A) for night time.
4
4.1

TOOLS TO REDUCE NOISE EXPOSURE
Emission Standards

Were generally established by governments and consist of the emission limits imposed on individual
sources and included in the procedures for type approval to ensure that new products at the time of
manufacture in accordance with the noise limits.
4.2

Air pollution standards

Air pollution standards are based on qualitative criteria or guidance values for exposure to noise, to be
applied to specific locations and are generally included in planning processes.
4.3

The planning measures

Planning procedures are one of the means of putting into practice the regulative air pollution and are a
key tool for noise reduction to ensure separation of housing and other noise sensitive buildings from
noise sources. Long-term planning is one of the most effective ways to reduce noise, it can be used to
prevent new problems. Reducing noise through land use planning may include: limited use of land
already subject to high noise levels, restrictions on noise generators of new jobs as infrastructure or
industrial installations in order to protect existing development and promote clustering of noisy
activities to protect other areas with low noise. Noise is one of the considerations that should be made
to the development of ecological balance requiring evaluationenvironmental impact.
4.4

Measures in infrastructure

Basically there are two broad categories of infrastructure measures to reduce noise: those that allow
the transmission of noise: noise barriers, tunnels, cuttings, passive insulation of buildings and those
that contribute to noise reduction at source, such as a projection surface roads and railway lines.
4.5

Economic Instruments

Types of economic measures and could be used in politics to combat noise include taxes and fees on
noise emissions, the economic incentive to reduce noise and encourage development of low noise
products, and paying compensation to people affected by noise.
4.6

Operational Procedures
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Among the widely used measures are the speed limits on sensitive sections of roads and railways,
promoting favorable operational procedures and aircraft take-off noise preferential zones, as well as
restrictions on the use of noisy products and vehicles in sensitive areas and sensitive times.
4.7

Research and Development

Scientific research on effects of noise from the environment, methods of reducing noise levels and
low-noise technology and development of dedicated low-noise products are often vitally important to
improve the product of its kind in the state noise. Financial support for pilot projects is useful for
showing the benefits of technical and planning measures to reduce noise exposure to people.
4.8

Information and Education

Education and the resulting activities are important to promote the acceptance and compliance with
anti-noise regulations for encouraging changes in behavior. They can also be used in their own right to
support the reduction of noise and increasing awareness of those who make decisions, and the general
public.
This article is published within the solution of the research project 51030/20/SG510001 „Transport
Sciences and Engineering in Conditions of the Developed Society of the 21 st Century“.
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Abstract
Ecological safety implies conservation and maintenance of natural ecosystems, including prevention
and control of invasion of alien species. The choice of priority target alien species is extremely
important for preventive and eradication measures for management of invasion process. The paper
represents technology of identification and ecology of 32 priority targets for alien species control in
Russia.
Key words: alien species, priority target, alien species control, invasion
1. INTRODUCTION
The problem of biological invasions of alien species is one of the acute questions of many countries of
the world for more than 50 years. This is connected with increasing integration of the whole planet
thanks to human activity mainly. The broadening and simplification of communications between
different countries leads to active and passive transfer of alien species into new habitats, where they
often get into conditions favorable for their spreading that result in displacement of local species and,
finally, the change of entire ecosystems. The global warming, which is considered one of the side
effects of human activity (or connected with it), also can promote the spreading of alien species into
new ecotopes. Replacement of the species in ecosystems often leads to the lowering of adaptability of
ecosystems to the changing environment conditions and the loss of ability to fulfill the “ecosystem
services” that ultimately influence on the human living conditions and economically valuable living
organisms. The appearance of aggressive alien species in ecosystems gives rise to necessity of their
control. Such control implies the development of preventive measures (invasion prediction and
monitoring of settled species), and also the methods of their eradication. (Wittenberg & Cock, 2001;
Davis, 2009)

Upon the development of technologies allowing control of alien species spreading on the territory of
the Russian Federation, determination of priority targets for control of invasion process as a whole and
control of its separate participants is of a special importance. This serves as a basis of ecological safety
ensuring on the Russian territory, the prevention of the expansion of alien species and the lowering of
induced ecological and economical damage. The choice of the targets allows determination of
priorities in invasion process regulation that gives a possibility to save money and materials and also
to avoid liquidation of alien species which are not harmful for aboriginal ecosystem and carry out
important functions in it. (McNeely et al., 2001; Dgebuadze et al., 2010)
2. TECHNOLOGY OF ALIEN SPECIES CHOICE – THE PRIORITY TARGETS IN
INVASION SPECIES CONTROL
2.1. Main approaches for alien species - priority targets choice
Under determination of target species it is necessary first of all to reveal the character of interaction
between alien and aboriginal species.
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It is possible to mark out the following forms of alien species influence on aboriginal species:
Alien species can markedly change the environment of aboriginal species (especially in the
cases where alien species are the key species of community) due to the change of the structure
and function of ecosystem;
Alien species can become competitors of aboriginal species and contribute to their
displacement;
Alien species can become predators towards aboriginal species and also favor their
displacement;
Alien species can either transfer or cause diseases or parasite infectiousness of aboriginal
species (Dgebuadze, 2003).
It is worthy noting, however, that not all of settled species induce marked influence onto ecosystems
of their new ecotope. Several invaders do not achieve marked number and biomass (especially at the
first phases of invasion process). Other species (and they are numerous) “inscribe” into communities
without essential changing of their functions and it is necessary to be careful upon making decisions
on their eradication, it is quite possible that such species should be protected (Davis et al., 2011). On
the other hand, some species may essentially rebuild the whole ecosystem. Such species in ecology are
called the key species, or ecological engineers. For example, ecological and economical catastrophe
for the countries of the Sea of Azov - the Black Sea Region was the result of penetration in the 1980s
into the Black Sea and the Sea of Azov of the warty comb jelly Mnemiopsis leidyi. This ctenophore,
upon achievement giant number and biomass, practically annihilates zooplankton, which is the main
food for pelagic fishes. The damage to Russian fishery is evaluated as hundreds millions dollars per
year. In the end of the 1990s Mnemiopsis leidyi penetrated also into the Caspian Sea, where it inflicted
significant harm to fishery too. Mnemiopsis leidyi in the ecosystems of pelagic zones of the Black Sea,
the Sea of Azov and the part of the Caspian Sea has become a typical key species. There are also other
examples of the key species. European beaver (Castor fiber), after its reintroduction at the beginning
of the
th century, is spreading quickly and transforming river flood-lands, changing plant cover and
animal populations of the rivers and their banks. In a similar way, the invader from American
continent, Canadian beaver (C. canadensis), behaves, which, having penetrated 50 years ago into the
territory of the USSR from Finland, is quickly spreading recently to the south and the north of the
Russian north-west.
In Russia the invasion process is determined by several peculiarities of this country: wide territory,
absence of necessary control, intensive trucking industry, continuing deliberate and casual
establishment of alien species, anthropogenic changes of ecotopes and ecosystems, new invasion
corridors creation etc. that, in particular, hampers extrapolation of foreign research results and
developments.
Besides, it is worthy noting that purposeful wide-scale research of alien species in Russia has begun
comparatively recently (about 20 years ago), though for several commercially valuable species, which
were the object of deliberate introduction, there were good scientific materials previously. As a result
of research of recent years, some publications occur which describe in detail both the process of
invasion and the effect of the concrete alien species onto aboriginal species and ecosystems. Such
papers, in particular, are made for Elodea canadensis, dispersed almost the whole territory of Russia
for a hundred years; Mnemiopsis leidyi, established in the Black, Caspian seas and the Sea of Azov;
cladocera Cercopagis pengoi; copepoda Acartia tonsa and polychaeta Marenzelleria viridis, colonized
the Baltic Sea; Baikal amphipods Gmelinoides fasciatus, introduced into fresh waterbodies of the
Russian north-west; Camchatka crab Paralithodes camtschaticus, introduced into the Barents Sea; the
fish Amur sleeper (rotan) Perccottus glenii, self-spreading after single releases into the waterbodies of
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European part of Russia, Western Siberia and Lake Baikal; the Black Sea - Caspian tulka Clupeanella
cultriventris, settled in the Volga reservoirs; korushka Osmerus eperlanus, introduced in several lakes
and reservoirs of the north-west of the Russian Federation; European beaver Castor fiber, reintroduced
and expanding over the whole Russian territory (see Species-invaders…, 2000; Ctenophore
Mnemiopsis leidyi …, 2000; Ecological safety and invasions…, 2002;Invasions of alien species…,
2003; Ecological problems…, 2001; Alimov et al., 2004; Invasive aquatic species …, 2002; Dumont
et al., 2004).
As a result of such research it was established that the disturbed ecosystems were the most vulnerable
to invasions. More often these violations were induced by economic human activity, thanks to which
the destruction or transformation of ecotopes, re-exploitation of separate kinds of biological resources
and increase of afflux of biogenic elements were taking place. The role of the global climatic changes
in invasion process was designated.
An important result of recent research is a revelation of the main transit ways of invasion process. The
greatest success was achieved in determination of the ways of weed and pest insect penetration into
Russia (Izhevskii, 2002; Mironova & Izhevskii, 2002). Most of these ways is connected with the flows
of agricultural loads. Increased for the recent 20-30 years settling of the aquatic organisms is in
connection with the building of canals, dams and intensification of shipping operations. The most
important for the whole European part of Russia the Black Sea-Caspian-Volga transit way was
revealed (Panov et al., 2007). The works on monitoring of alien species of hydrobionts were started
along all this way. It was established that moving of alien hydrobionts species took place in several
stages, and at every stage the stable self-reproducing populations formed. It was organized monitoring
and important results were obtained, which demonstrated the role of ballast waters in invasions of
organisms into marine ecosystems of Russia (Zvyagintsev & Selifonova, 2008)
Significant progress has been achieved recently in the field of modeling of invasion process. At the
use of zooplanctonic communities and concrete parameters of real species of zooplancters as a
prototype it was succeeded in showing that prediction of favorable introduction of alien species was
possible only under taking into account the most important factors (the presence of excess food
supply, predation and exploitation competition), which influenced on the result of competition
between aboriginal species and invaders. The models evidence that a simple dependence of
community biodiversity and its resistance to invasions does not exist, and a prediction of the invasion
process result demands the carrying of a thorough biological and mathematical analysis of the
situation in every concrete case (Feniova & Budaev, 2003; Dgebuadze et al., 2006; Pavlov et al., 2006;
Feniova et al., 2006; Dgebuadze & Feniova, 2009).
For the choice of priority targets on invader species control the information systems and integrated
data bases on alien species attain a special importance. At that, foreign sources can be used only to a
slight degree (for instance, northern European site NOBANIS (http://www.nobanis.org/Search.asp),
since most international data bases and reports, appeared recently in the framework of the great
international projects (for example, the Program of European Union DAISIE), were mainly carried out
without participation of Russian specialists and, accordingly, touched upon the territory of Russian
Federation to a lesser extent).
Despite the fact that the question about alien species in modern interpretation and in view of the
ubiquity of this phenomenon began to develop intensively in Russia only at the latest 15-20 years, a
great amount of domestic summarizing papers on this topic has been accumulated by present. In
particular, a definite role belongs to materials of great conferences on alien species, which are held
regularly in Russia since 2000 (Species - invaders in European seas …2000; Ecological safety and
invasions …2002; Invasions of alien species in Holarctic 2003; 2010), and also to the appearance of
special reports on this problem, prepared by Russian specialists (Slynko et al., 2000; Kuderskii, 2001;
Alimov et al., 2004; Chaschukhin 2007, 2009; Bobrov et al., 2008; Vinogradova et al., 2010;
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Maslyakov & Izhevskii, 2010; Slynko et al., 2011). Great help in determination of the target species
has been made by developed in Russia data bases and internet resources, which are partially presented
at Internet-portal http://www.sevin.ru/invasive/dbases.html (Dgebuadze, Petrosyan, Bessonov,
Dergunova et. all 2010), and also by issued since 2008 internet – journal The Russian Journal of
Biological Invasions (http://www.sevin.ru/invasjour/).
At the work with plants it was used a database, which collected information on invader species of
vascular plants of European part of Russia (http://www.sevin.ru/invasive/dbases/plants/species.html).
In regional floras the invasion species constitute at average about 20%, and in the cities this percent is
markedly higher (Alexeyev, 2000).
In the work with the lists of invader species of insects it was used available information, published in
the Internet in printed summaries (http://www.sevin.ru/invasive/dbases/insects.html; Maslyakov &
Izhevskii, 2010). It was accounted that among naturalized on Russian territory alien species there were
neutral, harmful and especially dangerous, the quarantine ones (Izhevskii, 1990).
The greatest amount of information sources was used under determination of priority targets for alien
mammal species control. A great attention was paid to biological invasions of mammals even in Soviet
time, first of all, in connection with the policy of augmentation of game animal assortment (Zhitkov,
1934; Manteifel, 1934; Lavrov, 1946, Nasimovitch, 1961 etc). Recently, the steps have been made on
integration of these data (Maslyakov, 2003; Fokin & Airapetyantz, 2004; Chaschukhin, 2007, 2009;
Bobrov et al., 2008; http://www.sevin.ru/invasive/invasion/mammals.html).
At determination of mammalian priority targets it was used not only literary data, but personal
arealogical materials, and also general information (not only on invader species) on Russian mammals
(Pavlinov et al., 2002, http://www.sevin.ru/vertebrates/; Tupikova, 1996; Tupikova et al., 1998;
Khlyap et al., 2003).
Taxonomy and Latin names of mammals are cited according to Pavlinov (2003).
Thus, summarizing all given above, the technology of the choice of priority targets for alien species
control included the following main points:
Composition of general list of real and potential invader species to the territory of Russian
Federation;
Analysis of the influence of naturalized invaders on aboriginal species and ecosystems;
Determination among invaders the key species, strong competitors and parasites of aboriginal
species;
Analysis of economical consequences of invasions (especially for artificial ecosystems –
agrocenoses, the objects of aquaculture).
Using the given technology, and also existed data bases, literary sources and preliminary special
studies, it has been determined 32 alien species for Russia, which can be priority targets for control.
2.2. The list of alien species – priority targets for invasion process control
Algae
Nitzchia (Pseudo-nitzschia calliantha)
Vascular plants
Ash-leaved maple (Acer negundo L.)
Sosnowski's hogweed (Heracleum sosnowskyi Mandenova)

375

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu
Common ragweed (Ambrosia artemisiifolia L.)
Western (Cuman, perennial) ragweed (Ambrosia psilostachya DC.)
Great ragweed (richweed) (Ambrosia trifida L.)
Russian knapweed (Acroptilon repens DC)
Dodders (Cuscuta spp.)
Insects
Colorado potato beetle (Leptinotarsa decemlineata Say)
Western flower thrips (Frankliniella occidentalis Pergande)
Fall webworm (Hyphantria cunea Drury)
Gypsy moth (Lymantria dispar L.)
Potato tuber moth (tobacco splitworm) (Phthorimaea operculella Zeil.)
Black pine-leaf scale (San Jose scale) (Quadraspidiotus perniciosus Comst. )
Phylloxera (Viteus vitifolii Fitch.)
Aquatic invertebrates
Ctenophore (sea walnut) (Mnemiopsis leidyi)
Zebra mussel (Dreissena polymorpha)
Quagga mussel (Dreissena bugensis)
Veined rapa whelk (Rapana venosa)
Fishes
Amur sleeper (rotan) (Perccottus glenii)
Rainbow trout (mikizha) (Parasalmo mykiss)
Stone moroko (Pseudorasbora parva)
Mammals
European (Eurasian) beaver (Castor fiber)
Canadian (North American) beaver (Castor canadensis)
Musk beaver (muskrat) (Ondatra zibethicus)
Field mouse (Apodemus agrarius)
House mouse (Mus musculus)
Common (brown, Norway) rat (Rattus norvegicus)
Black rat (Rattus rattus)
Domestic (stray) dog (Canis familiaris)
Racoon dog (Nyctereutes procyonoides)
American mink (Neovison vison)
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3. SHORT CHARACTERISTICS OF ALIEN SPECIES – THE PRIORITY TARGETS IN
INVASION CONTROL ON THE TERRITORY OF EUROPEAN RUSSIA
(http://www.sevin.ru/invasive/dbases.html)
3.1. Algae
3.1.1. Nitzchia (Pseudo-nitzschia calliantha)
This diatomic alga lives in the southern seas of the World Ocean. It was revealed in Primorye and the
Black Sea. The alga produces neurotoxic domoic acid, poisonous for people and marine animals.
(Ryabusko et al., 2008)
3.2. Vascular plants
3.2.1. Ash-leaved maple (Acer negundo L.)
This species originates from North America. It was purposely introduced into Europe in the XVIIth
century. In Russia (the city of Saint-Petersburg, the Botanical Garden) it has been growing since 1796.
At present it is widespread, has gone out of parks and entered into aboriginal plant cover. It is
dominant in flood-plain forests, stops completely renewal of willows and poplars. The pollen of this
maple is an allergen. (Morozova, 2002, 2003; Vinogradova et al., 2010)
3.2.2. Sosnowski's hogweed (Heracleum sosnowskyi Mandenova)
Natural areal of this hogweed is the eastern part of the Great Caucasus, the Eastern and South-Eastern
Transcaucasia, the North-East of Turkey. It has been cultivating in European Russia since 1947. From
the 1980s the running wild and spontaneous penetration of the Sosnowski's hogweed into the
landscapes, which are out of the zone of its culturing, is observed. It prefers waste grounds, fallow
lands, sides of the roads, banks of the waterbodies. An appearance of Heracleum sosnowskyi in natural
environment causes depletion of the species composition of surrounding vegetation. It represents a
serious threat to human health, because it contains photosensitizing compounds furanocoumarins. At
skin contact with the juice of the Sosnowski's hogweed under effect of ultraviolet radiation these
compounds cause burns. Affected parts of the skin can be sensitive to the ultraviolet for many years.
(Morozova, 2002, 2003; Vinogradova et al., 2010)
3.2.3. Common ragweed (Ambrosia artemisiifolia L.)
The main range is North America. On the Russian territory the ragweed is registered on the Far East,
in the Northern Caucasus and Volga-Kama regions, in the regions of the Central Russia and Central
Chernozemye, on the South Ural, in Orenburg Region, in the south of Western Siberia, in Altai
territory.
The ragweed obstructs all field cultures, especially tilled crops and grain-crops, and also vegetable
gardens, gardens, vineyards, meadows, pastures, field-protecting forest plantations. Developing
mature overhead mass and root system, it depresses strongly culture plant. It consumes very much
water for a unit production of dry substance (on average twice greater compared to tailing corns) that
leads to drying of the soil; it lowers sharply the soil fertility. Spring and tilled crops, especially
sunflowers, suffer from the ragweed most often. At insufficient care of these crops the ragweed
outgrows them and chokes strongly that leads to drastic decrease and even loss of all the harvest. On
the meadows and pastures ragweed displaces grain and bean grasses and lowers sharply forage quality
of the hay and pastures, since it is not eaten by cattle due to bitter ether oil content in its leaves.
Ragweed is an allergen and induces an ambrosia pollen allergy.( Morozova, 2002, 2003; Vinogradova
et al., 2010)
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3.2.4. Western (Cuman, perennial) ragweed (Ambrosia psilostachya DC.)
The main range is America. It is introduced into Europe (Belgium, Hungary, German, Denmark,
Poland, Holland, Spain, France, Sweden, and Baltic countries), the Russian Federation, Australia. On
the Russian territory it was registered in Krasnodar, Stavropol territories, Samara, Volgograd,
Orenburg regions and Republic of Bashkortostan. In 1974 western ragweed was found in Moscow
Region. In Krasnodar territory it was registered in 1945, but by 1990 all the nidi had been liquidated
(in 1990 the quarantine on them was canceled). The facts of introduction into natural ecotopes have
been registered. It obstructs the grain and tilled crops, the crops of perennial herbs, meadows, pastures.
Western ragweed forms dense curtains, displacing culture plants, and also competes successfully with
perennial herbs. It lowers pasture productivity. The pollen is an allergen. (Morozova, 2002, 2003;
Vinogradova et al., 2010)
3.2.5. Great ragweed (richweed) (Ambrosia trifida L.)
The main range is North America. It was brought to Europe. On Russian territory (from the first half
of the XXth century) as a drift plant it was marked in Bashkiria, Orengburg, Pensa, Voronezh, Samara,
Saratov, Volgograd regions, Krasnodar territory (by 1982 the nidus had been liquidated), North
Ossetia, Chechnya, Ingushetia. Local nidi were revealed in Ulyanov and Ryazan regions, in Tatarstan
Republic. It was found in the Far East. Great ragweed litters spring, grain, tilled crops, forage herbs,
vegetable gardens and gardens. Harsh, almost woody stems of the richweed at a substantial density of
stand hamper the carrying of harvesting works, especially combine harvest. Richweed is an allergen.
(Morozova, 2002, 2003; Vinogradova et al., 2010)
3.2.6. Russian knapweed (Acroptilon repens DC)
The primary range of the species embraces the east of the Black Sea territory, the Lower Don, the
Lower Volga Region, Crimea, the Caucasus, the south of West Siberia, Central Asia, Asia Minor, Iran,
Mongolia. Sizeable areas of Russian knapweed (more than 10 000 hectares) on the territory of Russian
Federation are marked at present in Volgograd, Rostov, Saratov, Orenburg regions, in Stavropol
territory, in Kalmykia. Single specimens are registered to the north (Leningrad Region, Karelia). It
occurs in steppe, on solonetzic meadows, saline-lands, dry mountain slops, in the fields. It grows
abundantly along the banks of irrigation canals, earth and main roads. It is a harmful weed, litters
culture crops and also gardens, vineyards, meadows and pastures. The plants of Russian knapweed are
poisonous for many animals, especially for horses, but are well eaten by sheep and goats. Most often
the cases of animal poisoning by Russian knapweed are marked for the period of its budding. The deep
branchy root system of Russian knapweed makes soil treatment difficult that raises the expenses for all
agricultural and technical actions. (Morozova, 2002, 2003; Vinogradova et al., 2010)
3.2.7. Dodders (Cuscuta spp.)
There are 10 species of dodders in Russia. The dodders are one-year leafless parasite plants. They
have neither roots nor leaves, and represents thread-like or cord-like intensively ramifying stem. At
blooming the stem is densely covered by flowers, gathered into clustery or dense capitate
inflorescences. The dodders are not able to absorb water and nutrition substances from the soil and
synthesize nutrients in the light, and they live at the expense of the host plant. The stems of dodder
wind round the plant and adhere by suction to it with the special outgrowths – haustoria. The dodders
parasite mainly on herb plants from the class of dicotyledons. Monocotyledons, bred grains in
particular, are relatively resistant to dodder, and affection of these cultures is insignificant. A whole
group of so called thick-stem dodders has adapted to parasite way of life on the trees and bushes.
Dodders are not highly tailored parasites, but every species has its own specific affected plants. In
some dodders, for example, golden dodder, such plants constitute more than 200 species, other ones
(flax dodder) parasitize on a few species. The dodders not only lower the harvest, but worsen the
quality of production. The suckers of dodder penetrate into the thickness of parenchyma and destroy
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the fibre of kenaf, jute, flax. Such stems yield to biological soaking poorly, give the fibre non-uniform
in color and of sharply reduced quality. In sugar-beat, injured by the dodder, sugar content is reduced
by 1-2%. In the hay from the injured by dodder plants the protein content is lesser, it gets dry poorly,
grows moldy, it is unwillingly eaten by animals. Berry plantations and fruit trees damaged by thickstem dodders do not bear fruit, dry up partially or completely. The dodders affecting the
integumentary tissues of plants favor the affection of plants by diseases and pests. Besides, they are
themselves the carriers of very many plant viruses, in particular, the mosaic of sugar-beat, tomatoes,
cereals, buckwheat. The dodder contains alkaloids cuscutin and custalin, which, obviously, are the
reason of animal poisoning when eating of littered by dodder hay. (Morozova, 2002, 2003;
Vinogradova et al., 2010)
3.3. Insects
3.3.1. Colorado potato beetle (Leptinotarsa decemlineata Say)
This beetle is originated from North America. In Europe it was revealed in 1877, but the primary nidi
were liquidated. It was repeatedly introduced to Europe in 1916-1918 (France, Bordeaux). On the
territory of the USSR it appeared for the fist time in 1949 (Lvov Region). Since 1953 it has penetrated
to Kaliningrad Region from Poland. From 1980 the nidi of the Colorado beetle spreading were
revealed through the whole European part of the USSR, and also Central Asia, in Transcaucasia and
Novosibirsk Region. At the end of the
th century it was registered in Primorye. There is a forecast
on the spreading of the Colorado beetle in the south of Siberia.
Colorado potato beetle is one of the most harmful pests of agricultural plants of Russia. It prefers
potatoes and eggplants. It affects also tomatoes, pepper, many medicinal herbs (black henbane, deadly
nightshade, bittersweet) and growing wild (for instance, Jamestown weed) plants. (Izhevskii &
Zhimerkin, 2000)
3.3.2. Western flower thrips (Frankliniella occidentalis Pergande)
It takes its origin from North America. In Russia it was revealed in greenhouses at the end of 1980s’ –
at the beginning of 1990s’, it is spread locally for the present, but its range is constantly widening.
Thrips is marked on more than 250 plant species. In greenhouses it makes harm to all vegetable
cultures and most decorative and flower plants: roses, chrysanthemums, carnations, cyclamens,
pelargonium, Gerbera, Saintpaulia etc. Injured leaves and flowers fade and fall away. The affection of
flower buds causes deformation of the flowers and fruit. This insect is an active carrier of harmful
virus diseases (for example, the virus of spotted withering of tomatoes (TSWV) affecting a wide range
of culture plants). (Izhevskii, 2002a; Izhevskii, 1996)
3.3.3. Fall webworm (Hyphantria cunea Drury)
This insect originates from North America. It got into the USSR in 1952 from Hungary. For the first
time it was revealed in Transcarpathian Region, and later it spread to the east as far as the Caspian
Sea. On European continent the fall webworm has actually occupied all its potential range. In the
Russian Federation the zone of harmfulness is confined from the north by the line going through the
cities of Kursk-Voronezh-Pensa-Samara-Orenburg. Slow widening of the range to the north is possible
with connection to the global warming. The fall webworm affects more than 250 species of fodder
plants. They include: mulberry-tree, ash-leaved maple, apple-tree, pear-tree, quince, cherry-tree, elm,
elder, walnut, willow etc. Defoliation of plantations, caused by the caterpillars of the fall webworm
leads to the weakening and death of separate plants, especially at their repeated injury. As a result the
protective, decorative and esthetic functions of the forest plantations lower, recreation squares shorten.
The caterpillars are food competitors of the silkworm. Filaments of the caterpillars can induce allergic
reactions in man. At reducing the leaf apparatus in fruit-trees by 20% the harvest lowers by 5-10%, at
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reducing it by 50% the harvest lowers by 50-55%, at eating away the foliage by 75% the harvest is
practically absent. (Izhevskii, 2002b)
3.3.4. Gypsy moth (Lymantria dispar L.)
The center of the genus origin is considered to be the south-eastern Asia. In Europe gypsy moth occurs
everywhere, the northern boundary of the range goes through Southern Scandinavia and Southern
Finland. In Russia it spreads to the south up to the country boundaries. The northern boundary in
European part coincides with the boundary of the oak range. In Siberia the border of its distribution
goes from Tyumen to Tomsk, in Baikal territory it reaches 55-57° of northern latitude. It occurs in the
Far East. Gypsy moth is a typical polyphage. It is able to damage up to 300 species of plants, including
all deciduous trees, some conifers, and many species of bushes. The preferable kinds for European
populations are oak, lime, birch, poplar, willow, apple-tree, and plum-tree. In European part of Russia
the food specialization of different populations can vary greatly. The caterpillars of Siberian
populations feed mainly on birch and larch. For the Far-East populations up to 45 tree and bush
species are cited. It is a typical forest pest. Besides a direct harm, inflicted by the bigger in size and
more gluttonous caterpillars of the eastern races, a possible cross with the local populations is
dangerous. (Izhevskii, 2002a)
3.3.5. Potato tuber moth (tobacco splitworm) (Phthorimaea operculella Zeil.)
Origination is South America (Andes). It is widespread on all continents. In the USSR for the first
time it was found in 1938 in Poti. In 1980 the potato tuber moth was revealed in Crimea, soon after
that in Abkhazia, from 1981 it was registered in Krasnodar territory. Northern boundary of a potential
range of the potato tuber moth on the territory of the Russian Federation goes along the line: the city
of Astrakhan – the central part of Tsymlyanskoe waterbody – the city of Kamenetz-Shakhtinskiy
(Rostov Region). Expansion of existing range is possible to the north towards Bataisk, Taganrog,
Novocherkassk, to the east – along the basin of the Kuban River (in direction to the city of
Sevastopol), to the south-east into Dagestan, to the coast of the Caspian Sea. Injured plants are:
potatoes (tubers and vegetative part), eggplant, tobacco, tomatoes (vegetative part and vegetables),
pepper, nightshade, Jamestown weed, deadly nightshade, winter cherry and other
nightshades.(Izhevskii & Zhimerkin, 2000; Izhevskii, 2002a)
3.3.6. Black pine-leaf scale (San Jose scale) (Quadraspidiotus perniciosus Comst.)
It originates from Northern-Eastern China, North Korea, and the territory of Russian Primorye. In the
1970s it got into California (USA), from where it was brought to Europe. On the territory of Europe it
settled everywhere, excluding Belgium, Netherlands and Scandinavia. Black pine-leaf scale is
distributed on all continents. In European part of the USSR, namely on the Black Sea coast of the
Caucasus, the black pine-leaf scale was revealed for the first time in 1931, but was introduced there,
possibly, much earlier. In 1934-1935 its nidi were found in Krasnodar territory, in Azerbaijan. On the
territory of the former USSR three big regions of its habitation were known: the south of European
part of the USSR (Rostov, Volgograd and Astrakhan regions, Kalmykia, Georgia, Armenia, the North
Caucasus, Moldavia, and Ukraine); Central Asia and the Far East. Conditional northern border of the
potential range of the black pine-leaf scale on the territory of the Russian Federation goes along the
northern boundaries of the regions: Leningrad – Vologda – Kirov – Perm – Sverdlovsk – Tumen –
Tomsk – through the city of Eniseisk – the city of Ust-Ilimsk – Irkutsk – Chita – Amur regions – the
city of Komsomolsk-on-Amur – the estuary of Amur – the south of Sakhalin. Affected by the black
pine-leaf scale plants are: the apple-tree, pear-tree, apricot-tree, perch-tree, cherry-tree, plum-tree,
almond-tree, sweet cherry-tree, hawthorn, quince, rose, lilac, lime-tree, tung-tree, acacia, willow,
poplar, hop, Circassian walnut, cornel, etc. and in all about 270 plant species from 84 families. In
European part the most harm is inflicted by the black pine-leaf scale to an apple-tree. It inhabits all the
parts of the tree. At high density it causes shrinkage of the branches and the whole trees. Recently it
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has been found on vines, wild seed and stone fruit sorts, and also on oak, hornbeam, willow, maple
and several subtropical cultures. It populates the stem, branches, leaves and fruit. On the leaves only
males occur. On the stem and branches as a result of grub sucking a characteristic net of chaps
appears. Young trees die 2-3 years after the occupation by the pest. (Gura et al., 2001; Izhevskii,
2002a)
3.3.7. Phylloxera (Viteus vitifolii Fitch.)
It originates from the eastern regions of North America. It is widespread in Europe, Asia, northern
Africa; it is brought into New Zealand. On Russian territory it is got with planting stock. The first
nidus was revealed in the Nikitskii Botanical Garden in 1880, and in 1886 phylloxera was found in
Moldavia. At present it is distributed also in the south of Ukraine, on the North Caucasus and
Transcaucasia. On the territory of the Russian Federation the range of phylloxera coincides with the
zone of industrial viticulture. It damages vine, its roots and leaves. In European species of vine Vitis
vinifera and American ones V. labrusca, V. aestivalis the root system is susceptible, the leaves are
resistant. As a result, the plant is exhausted, the roots stop growing and the plant dies. Young
vineyards often die before the start of fruitage. On the injured plants, the galls form. (Izhevskii, 2002a)
3.4. Aquatic invertebrate animals
3.4.1. Ctenophore (sea walnut) (Mnemiopsis leidyi)
It penetrated (admittedly with the ballast waters) from the Atlantic coast of North America initially (at
the beginning of the 1980s) to the Black Sea and the Sea of Azov, and then (at the end of the 1990s) to
the Caspian Sea. Mnemiopsis leidyi reached a giant number and biomass in the Azov-Black Sea basin.
It reduced a total number of plankton 2-2.5 times, and larvae bottom animals 2-10 times. Mnemiopsis
leidyi inflicted a considerable harm to fishery of three southern seas of the Russian Federation.
(Grishin, 2000; Shiganova & Ozturk, 2010; Ctenophore Mnemiopsis leidyi …, 2000; Dumont et al.,
2004)
3.4.2. Zebra mussel (Dreissena polymorpha)
It takes its origin from the Ponto-Caspian Region. Its expansion started more than 200 years ago. By
present it has occupied many waterbodies of European part of Russia. Becoming a key species in
many waterbodies, it exerts substantial influence on many hydrobionts due to intensive filtration of
water. In many cases it depresses other species of Bivalvia (in particular, the family of Unionidae). It
exerts a considerable damage to hydraulic engineering constructions, particularly, as a biofouling
agent of water supply systems, the coolers of thermoelectric power stations and nuclear power plants.
(Starobogatov & Andreeva, 1994; Yakovleva & Yakovlev, 2011)
3.4.3. Quagga mussel (Dreissena bugensis)
It originates from the Ponto-Caspian Region. Its expansion began in the 1930s. By present Dreissena
bugensis has occupied many waterbodies of the Dnepr and Volga basin. Becoming a key species, it
has an impact on many hydrobionts due to intensive water filtration. In many cases it suppresses other
species of Bivalvia (in particular, the family of Unionidae). Similar to Dreissena polymorpha, it exerts
a considerable damage to hydraulic engineering constructions, particularly, as a biofouling agent of
water supply systems, the coolers of thermoelectric power stations and nuclear power plants.
(Starobogatov & Andreeva, 1994; Yakovleva & Yakovlev, 2011)
3.4.4. Veined rapa whelk (Rapana venosa)
It penetrated from the southern part of the Sea of Japan or from the Yellow Sea in the first half of the
th century, obviously, at transfer of the layings of rapana, attached to the ship bottoms. Rapana
continues to expanse throughout the seas of Europe (the Sea of Marmara, the Aegean, Mediterranean
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and North seas) and America. It exerts substantial harm to Bivalvia (mussels, oysters), many of which
represent a great economical value as the objects of sea fishery and a feed for food fish. (Kantor, 2003)
3.5. Vertebrate animals
3.5.1. Fishes
3.5.1.1. Amur sleeper (rotan) (Perccottus glenii)
The homeland of Amur sleeper is the fresh waterbodies of Primorye, China and Korea. It penetrated to
the west of Eurasia by several phases: at the beginning of the
th century in the region of SaintPetersburg, then in the 1950s in Moscow Region (both cases accidentally from aquariums), later (at
the end of the
th century) accidentally with herbivorous fishes into the basin of Volga and Baikal.
Then thanks to self-spreading and, obviously, transfer by amateur fishermen it settled the waterbodies
of northern-eastern Europe (the basins of the Baltic Sea and Volga), the West and South Siberia (the
basins of the Ob and Yenisei). It causes a considerable damage to amphibians (including the rare and
disappearing ones), in small waterbodies – to aboriginal fish populations, economically valuable fish
species in pond farms. (Slynko et al., 2011)
3.5.1.2. Rainbow trout (mikizha) (Parasalmo mykiss)
Natural range of mikizha is the Pacific coast of North America, Kamchatka, and the coast of the Sea of
Okhotsk. Being for a long time an object of aquaculture, it is spread all over the World. It represents a
danger as an alien species at getting both into natural ecosystems and aquaculture. Mikizha can be a
competitor to aboriginal salmonid fishes (including rare and disappearing) and also disseminate
diseases and fish parasites. (Slynko et al., 2011)
3.5.1.3. Stone moroko (Pseudorasbora parva)
Previously it inhabited the waterbodies of the Amur basin, Japan, Taiwan and Vietnam. In the second
half of the
th century it was accidently brought to European and Central Asian parts of the USSR
(with herbivorous fishes) and distributed widely throughout Eurasia. It competes with many aboriginal
fish species, including economically valuable. (Slynko et al., 2011)
3.5.2. Mammals
3.5.2.1. European (Eurasian) beaver (Castor fiber)
The range stretches from the Atlantic coast of Europe to Baikal Region and Mongolia; it is introduced
in Primorye and Kamchatka. Before the
th century it has practically disappeared. Planned
settlement of beavers has begun since 1934. Despite the fact that since 1990s’ artificial settlement of
beavers has been stopped, this species is expanding intensively and its number is keeping on
increasing, in many regions European beaver has gone out of the limits of its historical range.
European beaver is a typical key species. Beavers’ activity, which is changing hydrological regime of
the waterbodies and riverside plant associations, also alters animal communities of biocenoses
marginally, but very fundamentally. Communities of hydrobionts of beaver rivers have utterly
different structure compared to usual rivers: they are simpler and, most likely, less stable. (Zav’yalov
et al., 2010; Bobrov et al., 2008)
3.5.2.2. Canadian (North American) beaver (Castor canadensis)
The natural range of Canadian beaver is North America. On the Russian territory it is brought to
Primorye, Kamchatka and Sakhalin; from Finland it settled Karelia and Leningrad Region. The history
of the range changing is as following. The first Canadian beavers appeared in Russia at the beginning
of the 1950s in Sortaval and Suoyarv regions of Karelia. The beavers moved ahead to the south and
east of republic rather rapidly. Recently their expansion to the north of Karelia is observed. Canadian
beaver favors the formation of the local water and marsh ecosystems, enrichment of the flora and
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fauna near the water; built by them dams change hydrological regime of the territory, lead to
weakening and shrinkage of flood-plain fir-greens, which becomes the centers of forest pests’
spreading; the felled trees decrease the recreation relish of the territory. (Khlyap et al., 2010; Bobrov
et al., 2008)
3.5.2.3. Musk beaver (muskrat) (Ondatra zibethicus)
It inhabits very different natural zones of North America. It was deliberately introduced to Europe and
the USSR. At present it occurs all over the Russian territory. Musk beaver devours mass of plants and
exerts enormous damage to their thickets. It happens thanks to that in middle latitudes the aquatic
vegetation grows comparatively slowly and is not able to fill up the loss of green mass caused by a
new for given biocenose rodent species. In consequence of violation of natural balance, feeding ability
of the waterbodies reduces. It is indicative that extermination or displacement of the species of water
and marsh vegetation, which follows the musk beaver existence on Eurasian territory, was not
registered in North America, thanks to equilibrium of its vital functions with natural dynamics of
water and marsh grounds vegetation. Great losses the musk beaver inflicts to Bivalvia (swan mussel
and river mussel), which are preferable by it out of many fodder objects of animal origin. A definite
role of musk beaver as a carrier of infectious diseases was marked, because in several places it proved
to be a carrier of Omsk hemorrhagic fever, rabbit-fever, paratyphoid, salmonellosis and coccidioses.
(Khlyap & Warshavsky, 2010; Bobrov et al., 2008)
3.5.2.4. Field mouse (Apodemus agrarius)
The range of this mouse is located within the limits of Eurasia and consists of two parts: EuropeanSiberian-Kazakhstan and Far-Eastern-Chinese. In Russia it is elongated as convergent band from the
western boundaries to Lake Baikal. A separate region is situated in Priamurye and Primorye. In
undisturbed ecosystems it settles along the river banks with a dense grass vegetation, wet gullies and
gorges, the banks of waterbodies, grown with bushes, reed, reed mace, and sedge. After the harvesting
it gathers in not trashed ricks and stacks. It inhabits the banks of irrigation canals. This mouse
penetrates into built-up areas, preferring grown by weeds waste grounds, vegetable gardens, gardens,
and parks. In many modern cities of the middle belt of Russia it is a typical inhabitant of non-built
areas. It can move into buildings themselves, not breaking off the ties with surrounding biotopes.
Range expansion is registered in Moldavia, Ukraine, Azerbaijan, and Kirgizia. The greatest movement
to the south, caused by ploughing up of virgin lands and melioration, was observed in Kazakhstan.
This mouse causes substantial damage to agriculture. It takes part in circulation of pathogens of many
natural focus diseases. It is the main carrier of leptospirosis pathogen Pomona, most intensive foci of
which are known in Russia on the North Caucasus. Range expansion in the Far East is dangerous in
the view of medicine, since these mice in this region are the main source of human infection by
hemorrhagic fever with renal syndrome. (Khlyap & Warshavsky, 2010; Bobrov et al., 2008)
3.5.2.5. House mouse (Mus musculus)
It inhabits all continents, excluding Antarctica. In Russia the range of house mouse coincides
relatively well with a settled territory (with a population density of more than one person per square
kilometer). House mouse is heat-loving and its living in taiga and tundra zones is tightly connected
with human habitation. High degree of coincidence of points of house mouse registration with
croplands is established. It is not found in mountain places. Eastern Europe and North Asia settlement
by house mouse was realized predominantly due to delivery of them by man, first of all with the grain
crops. On the south of the range they live constantly in natural biotopes, preferring reed-bed along the
waterbodies. The banks of newly created canals and water reservoirs, which were actively built in the
second half of the XXth century, have become new places of house mouse concentration. In northern
parts of the range house mice seldom go out of the limits of settlements. Here they can inflict serious
damage to man by their nibble activity, and also by damaging and polluting food. In houses they can
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infect people with lymphocytic choriomeningitis and pseudotuberculosis. In southern regions, where
house mice live constantly in nature, they are included in circulation of the pathogens of plague,
rabbit-fever and other infections, and at migration into built up areas can serve as a cause of their
transfer into the human habitations. (Khlyap & Warshavsky, 2010; Bobrov et al., 2008)
3.5.2.6. Common (brown, Norway) rat (Rattus norvegicus)
The homeland of a common rat is considered to be the Great Chinese Plain, from where the most
ancient finds are known. This is an accidently introduced and a true synanthropic species. It is alien
for the most part of its range. In separate parts of its range it continues settling at present time.
Modern distribution is as follows. Common rat lives on all continents, excluding Antarctica, but settles
them not entirely. The biggest squares of the range lay in North America and Eurasia, excluding
sparsely populated by humans cold regions, deserts, mountain places. Distribution in Russia is tightly
connected with the density of settlements, in which common rat settles readily. It practically is not
found in the regions, where population density is less then one person per square kilometer. Out of
human habitations it settles along the banks of different waterbodies, where in moderate and southern
latitudes can live all year round. On the north it moves to natural biotopes only in summer. Common
rat owes its wide range first of all to man, with whom it has distributed throughout all continents and
many oceanic islands. Exoanthropic populations of common rats inhabit that places even now, and
exactly there inherent to common rats tendency to synanthropy could be formed. Common rat is
referred to most harmful animals. The degree of its harm is evaluated, first of all, in relation to man,
with whom the rat is directly adjoined. Common rats take part in circulation of many infectious
pathogens. From them on the territory of Russia it is most important in the foci of such severe for man
diseases as Weil's [Fiedler's] disease and plaque. One of the dangerous sequences of modern
expansion is the penetration of a common rat into natural foci of plaque and possible its inclusion into
natural foci functioning with the subsequent drift of infection into human habitations. (Khlyap &
Warshavsky, 2010; Bobrov et al., 2008)
3.5.2.7. Black rat (Rattus rattus)
Black rat distributed as a result of accidental introduction. It is a true synanthrope. Modern distribution
is as follows. It occurs on all continents (excluding Antarctica), has settled a great amount of oceanic
islands, predominantly in the Indian Ocean. In Russia it lives all year round only in built up areas.
European part of the black rat range has formed long before the appearance of the common rat in these
places. At present the number and range of the black rat is decreasing in many places. This process
started in the second half of the XVIIIth century and is more often explained by replacement of the
black rats by the common ones. In recent decades this is observed for instance in Tula Region.
However, there are regions where in the second half of the XXth century the black rats expanded their
range. The main harm it inflicts to humans by eating and polluting the food, mixed fodder and other
forage in stock buildings, and fish on fishing ships. It damages package, electric and communicative
systems. Black rat is included in the number of main carriers of plaque. There are known cases of
human infection with pseudotuberculosis at consuming vegetables, littered by rat excrements. It takes
part in circulation of the pathogens of leptospiroses, rabbit-fever, Q fever, etc. (Khlyap & Warshavsky,
2010; Bobrov et al., 2008)
3.5.2.8. Domestic (stray) dog (Canis familiaris)
This is an accidentally introduced species, a domestic stray animal. The places of stray and grown wild
dog revelation cover almost all regions of the country with not extremely severe abiotic environmental
conditions. It settled throughout the Russian territory together with a man. At present stray dogs are
usual in settlements, occur in recreation zone and become permanent inhabitants of those preserves,
where wolf is absent. Dog influence on natural populations of animals is great. On Kola Peninsula the
troops of homeless dogs hunted after reindeers. In the Prioksko-Terrasniy Biosphere Preserve a death
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of Siberian roe and dappled deer because of stray dogs is regularly registered. In Kalmykia a death of
young saiga because of dog predation was marked repeatedly, the loss was estimated as 50% from the
total number of young animals. Feral dogs, which are descendants of forsaken of Japanese population
domestic dogs, live all year round on the Kuril Islands, where pinnipeds and sea-otters suffer from
them. In Voronezh Region the dogs, hunting after ungulates, leave a lot of injured animals. The latter
circumstance is characteristic also for other places and is an evidence of the fact that the dogs in nature
can’t qualitatively substitute for a wolf, because their hunting is not selective. It is shown that the
lowering of wolf number leads to the appearance and growth of wolf-canine hybrids that influences
the genetic structure of wolf populations. (Khlyap et al., 2010; Bobrov et al., 2008)
3.5.2.9. Racoon dog (Nyctereutes procyonoides)
This is a deliberately introduced and expanding species. Initial range is in Primorye and Priamurye,
Eastern China and Japan. It is introduced in European part of Russia, from where it settled into the
countries of Western Europe. Racoon dog has markedly widened its natural range in the Far East. At
present in European Russia the raccoon dog has formed a wide unbroken range, which square exceeds
its natural range within the bounds of Russia markedly. Racoon dog in the north-west of Russia is
connected in feeding by competitive relations with several animals (mink, otter, stoat, polecat, badger,
fox, wolf, erne, and eagle-owl). Some of listed animals (wolf, erne and, possibly, lynx also) are direct
enemies of raccoon dog. Racoon dog relations with fox and wolf are acute, especially in time of food
deficiency (February – March), which is “a weak point period” of an annual cycle. At this time the
fox, and especially the wolf, are not only competitors, but direct enemies of raccoon dog. Racoon dog
serves as a carrier of such diseases as rabies, plaque, pyroplasmosis, sarcoptosis (mange). (Khlyap et
al., 2010; Bobrov et al., 2008)
3.5.2.10. American mink (Neovison vison)
This is a deliberately introduced, expanding and accidently introduced species. Initially it is distributed
in North America. At present American mink lives practically throughout the whole forest zone of
Europe, the south of Siberia and Primorye. For the first time American mink was brought to Russia in
1923 from German farms of cage rearing, and initially bred only in fur farming. Deliberate
introduction into natural biotopes had started in 1928, when 3140 animals were settled in 19 regions,
territories and republics. Successful introduction of this aggressive invader has become a reason of
number decrease and, in some places, complete disappearance of European mink. Besides a direct
competitive effect of American mink on small aboriginal species, a meddling into the process of
reproduction is of great importance. Females of European mink, coupling with the males of American
one, become pregnant and drop out of further reproduction, but do not produce a progeny (embryos
resolve). (Khlyap et al., 2010; Bobrov et al., 2008)
4. CONCLUSION
Despite the fact that the most part of Russia is situated in the zone of temperate and frigid climate, this
country does not remain aloof from the global invasion process. Several circumstances favor this, from
which the basic ones are:
amplitude of the territory, which covers several biogeographic subdivisions;
absence of proper control for living organisms transfer within the country limits;
intensive trucking industry all over the country;
recurrences of the old policy of intentional introduction of plants and animals with the purpose
of ecosystem productivity increase and diversification of products obtained from them;
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poor development of corresponding legislation etc. (Dgebuadze, 2003).
Taking into account the scale of invasion process, it is obvious that it is impossible to solve all the
questions connected with alien species control in the territory of Russia at once. In this connection, a
special importance is gained by determination of priority target species for influencing the invasion
process. The present paper is the first attempt to designate the circle of alien species, monitoring and
control of which are of paramount importance for ecosystem maintenance and sustainable use of
Russian bioresources at modern stage.
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REGIONAL QUALITIES OF WEATHER CONDITIONS GLOBAL CHANGES
(by the example of the Cis-Ural forest-steppe)
A.M. Gareev, R.G. Galimova
Hydrology and Geoecology Department, Bashkir State University
Ul. K. Marks 3/4, 600, Ufa, Bashkortostan

Abstract
The article presents information that reflects the main regularities of changes in climatic conditions in
the Southern Preduralye. As the initial information used material long-term observations of
Hydrometeorological Service of Russia from 1961 to 2010. Analysis revealed significant changes of
parameters: mean annual air temperature, the annual amount of precipitation, total precipitation for
the warm and cold periods, freezing depth of soil, water reserves in snow cover. Cartographic
analysis shows the change of the studied parameters in the investigated territory.
Key words: climate, variability, graphic and cartographic analysis, mean annual air temperature, the
annual amount of precipitation, total precipitation for the warm and cold periods, freezing depth of
soil, water reserves in snow cover.
1. INTRODUCTION
The data, that reflect the influence of weather conditions global changes on forming of sub-regional
and regional regularities, is of great interest from practical and theoretical points of view. In the
article, on the basis of the analysis of data of long-term observations through national network, main
basic changes tendencies within the South Cis-Ural forest-steppe of the Republic of Bashkortostan has
been elicited. These are the changes of such data as changes of annual average temperatures data,
decreasing of sum of temperatures below freezing, decreasing of depth of soil-freezing, changes of
annual rainfall, changes of rainfall sums in cold period and water supplies in snow.
On the basis of calculation made, importance of tendencies of changing the stated data as in time and
in space is displayed.
Methods and methodological provisions of the research:
- statistic analysis of long-term dynamic ranges;
- graphic analysis;
- cartographic analysis and interpretation of results gained.
2. RESULTS OF THE STUDY
It is well known that the conditions of natural complexes functioning and natural-economic systems of
various levels depend on the influence of great totality of factors, which can be divided to natural and
anthropogenic.
Concerning the knowledge of anthropogenic factors’ influencing it is important to state that the main
regularities have been studied for a long time (1995 – 2007) mostly because of deterioration of natural
complexes (including soil mantle) and transformation of surface flow. Data for study, including
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information, gathered from natural stations is reflected in a wide range of published works (Gareev,
1997, 2001; 2008; Gareev, Khabibullin, 2010 etc.).
Natural factors are primarily characterized by great variability in time. Noticeable spatial
differentiation occurs due to geology aspect and orography influencing in particular. More over, the
influence of modern global weather condition variability should be taken into account. The last is
significant, concerning that lot of regularities reflecting the origin and uncertainty of these of those
events in regional aspects in space and time is still under investigated in the universal scale.
By taking into account the above said within the Cis-Ural forest-steppe zone, we run the exploring, by
material of long-term observing analysis through 12 stationary posts (since 1961 till 2010) including 9
basic factors (pic. 1-3).

Pic. 1. Location of the Republic of Bashkortostan.
Herewith peculiarities of explored variables’ changing were defined by the following data: 1) annual
rainfall; 2) rainfall during cold period; 3) rainfall during warm period; 4) snow accumulation; 5) water
supply in snow; 6) annual average air temperature value; 7) the sum of temperatures below freezing;
8) depth of soil and subsoil freezing in winter; 9) changing of temperatures extremes.
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Pic. 2. Natural Zones of the Republic of Bashkortostan.

Bashkir Cis-Ural forest-steppe zone border
Forest-steppe subzone border
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Northern forest-steppe subzone
Southern forest-steppe subzone
Typical forest-steppe subzone

Pic. 3. Weather stations of Bashkir Cis-Ural forest-steppe zone
(from Atlas of the Republic of Bashkortostan, 2005).
On the basis of graphic analysis of studied parameters in long-term angle it was elicited that the
periodicity of changes is common for variables. At the same time the tendencies in their changes
(trends) can be clearly detected. The tendencies differ in the following way. The values of annual sums
of rainfall in all weather stations during the whole period of observation changed insignificantly.
Herewith the tendencies can be observed in long-term angle which reflect its increase (in cold period)
as well as its decrease (in warm period). Basic regularities of changing of studied values in long-term
angle on examples of particular weather stations are displayed in pic. 4-6.

Pic. 4. Long-term course of rainfall per annum (green graph),
during warm (red) and freezing (blue) periods in Kushnarenkovo.

For the stated years the steadily increase of annual average data of snow accumulation can be observed
as well as water-supply before the beginning of spring showery fall (pic. 5).
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Pic. 5. Long-term course of altitude

Pic. 6. Long-term course of sums

and water supply of snow accumulation

of temperatures below

in1961-2010 in Ufa-Dema.

freezing in Sterlitamak.

During analyzed period within the studied territory annual-average of temperatures’ values raised.
Thus the decreasing of sums of temperatures below zero is observed (pic. 6) in winter as well as the
depth of soil-freezing.
Graphs, reflecting temperatures extremums changing, display that extremum values start appearing
more often that reflects the significant accumulation of climatic condition changes, resulting
negatively for ecology and ecology and economy.
The most illustrative tendency of natural force variability, influencing erosion processes development,
has been discovered by graphs of cumulative sums, which can be expressed as

where

- cumulative sums of variables,

),

- time (years).

The whole amount of graphs, by which the data of parameters changing has been estimated, composed
108. On the basis of their analysis it was observed that the dehomogenezation of long-term variety
happened in the second half of the 70-s and the beginning of 80-s of XX century. The example,
reflecting sums rising of annual average air temperatures in Kushnarenkovo, is shown in pic. 7.
Achieved data, limited to observing sites, have been further used for creating of index maps reflecting
the changing of parameters in bounds of investigated territory. They can be seen in pic. 8-13.
As can be seen from pic.11, data, which reflect the decreasing of sum of temperatures below freezing
in winter within the explored territory, compose significant values which can be from 250 to 450° .
Herewith after the 70-s till nowadays annual average temperature increased on 0,5-0,8° .
Annual rainfall changes in insignificant correlation (pic. 9). Thus, if it increases in Northern-west,
Northern and Eastern periphery of Belebeevsko-Sterlibashevskaya loftiness (up to 50 mm), in
Southern areas (Miyakinskii, Fedorovskii) it drastically decreases.
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Pic. 7. Rising sums of annual average air temperatures in Kushnarenkovo.

Pic. 8. Decreasing of sums of

Pic. 9. Spatial variability of

temperatures below freezing, °
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Pic. 10. Long-time average annual data

Pic. 11. Long-time average annual data

of increase of rainfall sum for

of decreasing variability of depth

cold period, mm

of soil and subsoil freezing, sm

Spatial changing of rainfall data during cold period reflects its all-round increasing amounting up to
40-80 mm (pic. 10).
It is meaningful that this can be observed either in increasing of snow accumulation or water supply in
it before spring snowmelt (pic. 12, 13). Obviously, all-round data decreasing of soil freezing depth is
somehow connected with the height increase of snow accumulation.
Thus, on the basis of the analysis of obtained materials we can state that all the global changes of
weather conditions can be observed on regional levels as well. This requires the necessity to register
the values changing for the decision of practical tasks in different spheres of economic activity.
CONCLUSIONS
1. Outlined tendencies in changing of climatic conditions can be observed since the second
half of the 70-s and the beginning of 80-s of XX century.
2. Spatial variability of natural sources influencing functioning of natural-economic systems
is not equal and depends mainly on local natural and climatic conditions;
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Pic. 12. Data of snow accumulation

Pic. 13. Data of water supply

increasing, sm

increasing in snow cover, sm

3. Significant difference in annual rainfall data is observed; the main regularity is that as far
as changing from north areas to south ones its decreasing can be discovered.
4. Increasing of rainfall sum, snow accumulation and water supply in it before spring
snowmelt are factors that influence the increase of erosion processes evolution either on
degenerated pastures or labored agricultural grounds.
5. All-round rising of annual average temperature values (especially temperatures for
summer period) shows climate aridness accumulation.
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HOW CAN A BUILDING BECOME GREEN? ENVIRONMENTAL ASSESSMENT
METHODS AND RATING SYSTEMS
Zsófia Balló
Szent István University Ybl Miklós Faculty of Architecture and Civil Engineering,
1145 Budapest, Thököly út 74. Hungary

Abstract
The latest trend in architecture of buildings serves environmental awareness in Hungary. Although
there are only few really energy saving buildings compared to international examples, more high
performing ones have been built in the last years, achieving even austere requirements of
international certification institutes. Numerous enterprises recognize that derogating environmental
load caused by functioning an office and enhancement of environmental awareness among the staff
has positive effects not only directly but indirectly on enterprise efficiency.
The aim of the paper is to review key words of environmental consciousness, and to summarize the
aspects of international certification institutes mostly used in the Hungary. Finally it assigns the
positive effects of such a project which serve the company long term.
Key words: environmental awareness, green building, BREEAM, LEED
1. INTRODUCTION
We are faced with it everywhere: let’s save our environment, let’s use less energy, let’s diminish our
ecological footprint. People should use alternative energy sources, should consume products and
services which are environmental conscious. EPA (Environmental Protection Agency) shows data (1)
of U.S., where buildings have significant environmental and health impacts besides their countless
benefits to society. In the U.S. buildings (and their occupants) account for 40 percent of energy
consumption and carbon dioxide emission, and account for 72 percent of total U.S. electricity
consumption. Building occupants use 13 percent of total water consumed in the U.S. This data does
not cover so far resources used to construct these buildings. It is visible that even small decrease in
consumption of the building industry would contribute to the protection of the environment to a great
extent.
What makes something to be environmentally aware? Without showing the exhaustive list, hereinafter
are some key words, which outline mentality of environmental awareness.
In the second part of the last century cradle-to-grave design was the way, how products were designed
to be more environmental aware. This theory puts the lifecycle of the product into the centre. Born in
the 1970’s, but spread at the turn of the Millennium cradle-to-cradle design (McDonough-Braungart,
2007) exceeded this theory, while it suggests that industry must protect and enrich ecosystems. It is a
holistic economic, industrial and social framework that seeks to create systems that are not just
efficient but essentially waste free. According to the model every resource used in the procedure can
be re-used without deterioration, or degrades in the environment without blast. The model can be
applied to many different aspects of human civilization such as urban environment, buildings,
economic and social systems.
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According to the theory of sustainable development (1987) societies should follow a development
where resource use aims to meet human needs while preserving the environment so that growth can be
met not only in the present, but also for generations to come. The most evident problem, over
consumption of fossil energy sources conducted to research of renewables, and their dissemination in
energy supply. System switch on the level of individuals (recycling of raw materials, appropriate
organisation of production, service and consumption) can accordingly bring growth in economical
terms also. Source of sustainable growth can be qualitative growth instead of quantitative: improving
human quality of life, and the capacity of living of the Earth. (Szlávik, 2005)
Another approach is reduction of the ecological footprint. This is a measure of human demand on the
Earth’s ecosystem. Its value represents the amount of biologically productive land and see area
necessary to supply the resources a human population consumes, and to assimilate associated waste at
its given lifestyle. Although the measure does not deliver result on sustainability, it calculates rather
with renewable energy sources than with exhaustible, and it does not take into account many type of
contamination (Kocsis, 2010), it is a very good tool to arise attention of the population of
industrialized countries. Due to its easy visualization and understand ability the method can assert
environmental awareness.
Life Cycle Cost Analysis/Life Cycle Costing (LCC) (2) is used universally in industry for long term
planning to forecast costs of a product for its total lifecycle (from idea to the end of its life). The
method is used by real estate investors and owners increasingly to evaluate project alternatives.
Buildings are specific from the methods point of view, because of their long life-span, their frequent
refurbishment, their significant environmental impact, and not apparent physical boundary and
because they are unique, and have several components. Software and international database assists
complex calculation. The analysis takes all costs into account which emerge during investment, energy
usage, actuation, maintenance and repair, and at the end dismantling and disposal. For optimal costing
of the real estate, cost-efficiency of different solutions can be examined already in early phase of the
project. Important questions can be answered with its help: what is the optimal thickness of the
insulation, which is the optimal combination of building material, which energy sources should supply
the building, what does re-usable mean by a given technology, etc. Further advantage of LCC is that
payback time of buildings for the total life cycle can be examined.
Life Cycle Analysis/Assessment (LCA) (2) tests environmental impacts of a product from raw material
buying through production and usage to wastage. From the point of view of the building industry the
method can deliver comparison of different building’s depletion of resources or contribution to climate
change.
Incorporation of LCC and LCA allows evaluation of the whole real estate investment. Choice between
alternative technical solutions and costing of environmental impacts becomes feasible.
Although theories mentioned above receive a lot of criticism (negotiation of which is far outside the
frame of this essay), they have contributed protection of the environment and appreciation of resources
to be common talk. As a result growing demand arises for showing environmental awareness not only
on the individual level but also in community scale. According to Stevens (2010) to reach sustainable
development not only sustainable consumption but also the more determining sustainable production
must be emphasised. The last is often disregarded, thus state has an important role to represent
consumer needs in sustainability and enforce change at production side.
Environmental awareness is a definitive must on every level of society and economy as
implementation can work only in a system. It is useless to select garbage in households if collection
and processing does not materialize. Similarly demand for cars using renewable energy sources is
useless if they are not accessible for wider masses. If target group is not informed, it is useless to
produce environmental friendly products. Even if someone would build environmental conscious
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buildings it is difficult if there is no practice and appropriate materials. Examples can be counted ad
infinitum. System change in peoples mind is needed for progress. A good tool for it is guiding:
someone working in a green office takes home his/her positive experience and hopefully changes
consume of his/her own household. Thus practice spreads more easily. State has a serious engagement
in spreading green investments (like huge state investments in U.K.) if it supports new technologies
with preferential credits or non-refundable resources. State can also enforce energy efficiency with
regulation.
2. WHAT MAKES A BUILDING TO BE ENVIRONMENTALLY CONCIOUS?
In order to make buildings more energy aware, there is a new legislation in Hungary since 2009. New
buildings must obtain an energy certificate before moving. The regulation emphasizes new buildings
with over 1000 m2 ground-space, where renewable energy sources should be used. As of January
2012 even buildings in-use must obtain this certificate if it is sold or rented for over one year. (3, 4)
While the legislations referred to claim only rating based on energy usage, environmental aware
building rating systems need complex evaluation of significantly more factors. Building rating systems
used mostly in Hungary are introduced in 2.1. Looking at them in detail makes obvious that rating
based on energy usage is a good step forward but it does not necessarily turn a building to be
environmentally conscious.
2.1 Environmental aware rating systems for buildings used mostly in Hungary
The need for rating, distinguishing according to the level of awareness and proving of green buildings
founded building rating systems. The aim of all of them is to build and operate buildings
environmentally aware, to use materials that fit to the method and finally to create a built environment
which is healthy and sustainable. Although taking different factors into account, every system rates
buildings with help of credits which can be gained in differently weighted categories. Systems vary in
regulation used for comparison, way of assessment and data needed in the process.
In case of a new building every system can assess the project in design and in final stage. Checking-in
at design stage makes possible that sustainability is considered already at the idea. Besides, precertified projects are more competitive on the market already before finalising. Obtained precertificate makes design and construction goals obvious for everyone taking part in the building
operation. Experience shows that further advantage of certification at design stage is cost
effectiveness. If the need for certification arises first at a far-gone phase in construction, compliance
with certain criteria can be difficult, sometimes impossible. Pre-certification helps already in the phase
of design to optimise costs of alternative technologies. In order to obtain the wanted level cost
effectively it is worthwhile taking standards of the chosen system into account to forestall costs of
reconstruction.
Figure 1. shows that level of certification can be well influenced at design stage with relatively small
additional input. As stage of completion takes forward the affect diminishes quickly with growing
additional costs.

400

Published by Info Invest, Bulgaria, www.sciencebg.net

Journal of International Scientific Publications:
Ecology

Safety, Volume 6, Part

ISSN 1313-2563, Published at: http://www.science-journals.eu

Fig. 1. Influence on prospective rating and additional costs depending on the stage of completion of
the building
source: http://www.dgnb.de/_de/zertifizierung/zertifikat/index.php
Pre-certification lapses with moving. Completed building must be certified again. The level can alter
as a brand new procedure is carried out. This is necessary because only at this stage can be proven
how statements at design stage and plans came to fruition. Process of certification (with exception of
LEED) is always delivered by a licensed organisation and accredited professional.
As it is required to prove that the building complies with the requirements of the chosen system, every
rating method suggests a trained assessor to take part in the project from the beginning. Thus standards
of the chosen system can be considered in the highest degree.
2.1.1 Building Research Establishment Environmental Assessment Method (BREEAM) (5)
BREEAM is the world’s foremost environmental assessment method and rating system for buildings.
It was first launched in 1990 in the U.K., and became base of more rating systems since then. Today
200.000 building are certified and over a million registered for assessment. The method sets standards
for best practice in sustainable building design, construction and operation and has become one of the
most comprehensive and widely recognised measures of a building's environmental performance. The
measures used represent a broad range of categories and criteria. Energy and water use is highlighted
besides details of external lighting, elevators with energy recuperation, use of storm water, innovative
wastewater technologies. Credits can be gained for internal environment (health and well-being),
where ventilation, daylight work spaces, thermal comfort, operable windows and individual control
and permanent monitoring of the previous are important. Materials used must have low environmental
impact, construction waste should be salvaged or recycled. The building can assist alternative
transportation if public transportation is nearby, changing rooms are built for those who arrive by
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bicycle and alternative fuel refuelling station is in the building. Important factor is the landscape where
the building is constructed: the area should acquire a higher ecological value through the project.
Spread of BREEAM was constrained despite its unequivocal benefits because for projects outside the
U.K. discrete criteria must have been finished to cover social, cultural and climate differences. Of
course this inferred time and money. For this reason the international scheme was developed in 2008,
which was relaunched last year by BREEAM New Construction 2011. Experience shows that the
scheme can be well used in other countries also. Use within the European Union is facilitated by the
fact that lot of the standards are based on the ones of the EU. Besides local regulation can also be used
if it fits at least EU or U.K. regulation. BREEAM can be used to assess the environmental
performance of any type of building, new and existing, anywhere in the world. Country specific
schemes are available for Norway, Netherlands, Spain, Sweden beside U.K. International version can
be used in all other countries to assess commercial, community and in-use buildings. If a project does
not fit to any of the schemes, a bespoke one is available.
To reach certain level of certification, criteria must be accomplished differently. Five levels of rating
can be achieved: Pass, Good, Very good, Excellent, and Outstanding.
2.1.2 Leadership in Energy and Environmental Design (LEED) (6)
LEED was launched in the USA in 1998 by U.S. Green Building Council. It has evolved since its
original version to more accurately represent and incorporate emerging green building technologies.
Version 2 was released in 2005, v3 in 2009. Although LEED’s standards are based on U.S. regulations
the system was designed for international use. There are 32.000 registered and 11.000 certified
buildings globally. Five overarching categories provide a framework for identifying and implementing
practical and measurable green building design, construction, operation and maintenance solution.
Beside new constructions, maintenance and operation of existing buildings, commercial interiors,
schools, healthcare and retail projects, and newly neighbourhood development can be assessed.
Comprehensive and flexible, LEED works throughout the building’s life cycle.
Points are distributed across major credit categories such as: Sustainable Sites, Water Efficiency,
Energy and Atmosphere, Materials and Resources, and Indoor Environmental Quality. Credits within
these categories can be accomplished optionally. Alike in BREEAM possibility of alternative
transportation, minimization of light pollution, use of renewable energy sources are important credits.
Points can be gained for materials transported at close quarters or if rapidly renewable materials are
used, or if the project is planned as brownfield redevelopment. Construction waste management and
innovative wastewater technologies can also improve the building. Certification of the indoor
environment is enhanced through low emitting materials (carpet, paint, composite wood), and thermal
comfort. Besides, seven prerequisites must be completed for participating in LEED.
A certified building can achieve one of four grades: Certified, Silver, Gold or Platinum.
Some standards of LEED are more elusive compared to the ones of BREEAM (Barta et al., 2011), but
energy calculation of the latter are simpler. BREEAM shows often a way forward and stands for
supporting solutions with true earnings. Besides it has more stringent requirements thus completion of
the complex approach eventuates a building more environmental aware compared not only to general
practice but also to a LEED building (Gelesz-Reith, 2011). Procedure of the assessment can be
completed on-line at LEED, this is a primary resource for managing documentation process. Through
LEED Online project teams can manage project details, complete documentation requirements, upload
supporting files, submit application for review, receive reviewer feedback and earn certification.
Assessment of LEED can be compiled by the project team, but the chance to achieve the objective is
greater with the help of an accredited professional. Strength of LEED is commissioning: construction
of the engineering system is controlled by an authorized expert who assures that not only design but
also construction and quick start are done according to the environmental goals of the project.
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Unfortunately follow up of the achievements and keeping expected energy use is not yet guaranteed
by any of the methods. There is only one exception: a building with BREEAM Outstanding rating
must gain BREEAM In-Use in the first three years.
2.1.3 German way: Deutsche Gesellschaft für Nachhaltiges Bauen (7)
Based on BREEAM and LEED, the German Green Building Association (DGNB) prepared a second
generation method to assess environmentally effective buildings. Projects are assessed for their full
life cycle with criteria most complex and severe (Barta et al., 2011). The system was launched in 2009
and assesses sustainability from economical, social and environmental point of view taking them with
same weight. Flexibility earned special weight at preparation, as building industry and real estate
market are in constant change. Thanks to this the method is able to comply with legal, social,
technological and scientific changes. It is planned to be used internationally although certified projects
are mainly in Germany and some in Switzerland and Luxemburg. To my opinion international spread
of the method will be supported by foreign projects of German investors. (A good example for it is the
so far only building with DGNB Gold pre-certificate: a retail centre in Szeged / Hungary, which has an
operator from Hamburg.) Its standards are based on European regulations which leave a high degree of
freedom to adapt the system in other countries. The method can manage distinct climate, and cultural,
legal and economical environments, still assures international comparability. Life-Cycle Costing is
supported by international database. If data is not available, pre-certification can occur with a
statement of the investor that sustainability will be taken outmost into account. If the building fulfils
the criteria it receives the certificate in bronze, silver or gold depending on the total performance
index.
While the focus has been mainly on new buildings (educational facilities, office and administrative
buildings, retail buildings, industrial buildings, hotels, healthcare buildings, residential buildings) the
DGNB is laying foundations for certification of existing buildings and modernization.
The building is assessed through six aspects: ecology, economics, socio-cultural and functional
aspects, technology, processes and site. The site quality does not play a role in the assessment of the
total performance index it is only for information purpose. Broad range of the criteria is well featured
by the non-exhaustive list quoted below:
- ecological quality: ozone depletion potential, risks to the local environment, eutrophication potential,
sustainable use of resources (e.g. wood), total primary energy demand and proportion of renewables,
waste by category, drinking water demand and volume of waste water, space demand;
- economic quality: building related life-cycle costs, suitability for third-party use;
- socio-cultural and functional quality: thermal comfort in the winter/summer, interior air hygiene,
acoustic and visual comfort, handicapped accessibility, suitability for conversion, public access,
bicycling convenience, social integration;
- technical quality: fire prevention, sound insulation, quality of building envelope with regard to heat
and humidity, building services’ quality and ease of use, ease of cleaning and maintenance, durability,
ease of dismantling and recycling;
- process quality: quality of project preparation, integral planning, quality of contractors /
prequalification, controlling, qualification of operating staff, quality assurance of construction;
- site quality: risks in the micro-environment, public image and condition state of site and
neighbourhood, access to transportation, legal situation for planning, connection to public services.
It is visible that this method has the most complex and severe system of criteria (which makes
assessment sometimes difficult) and effects in emphasis on sustainability.
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2.1.4 A GreenBuilding Programme (GBP) (8)
Pilot phase of GreenBuilding Programme was initiated by the European Commission in 2005,
recognizing that there is huge potential in the building industry (both construction and operation) to
enhance energy efficiency. The aim of the voluntary program is to improve energy efficiency of nonresidential buildings in one ore more technical services. The European program aims at expanding the
integration of renewable energies. Investors, owners and occupants can become “partner”, while those
organisations which can support participants in their efforts to reduce energy consumption can become
“endorser”. The program focuses on primary energy use. In case of a new building condition of
certification is that energy consumption is 25% less than building standards in force. Refurbishment of
a building should result 25% reduction in primary energy use. The 25% energy saving is a ‘guiding
principal’ and shall be achieved only if cost-effective. In the first phase of the program National
Contact Points were set up in 10 European countries. This infrastructure was established for aiding
organisations which consider participation in the Programme, and provide them with technically and
financially best solutions. The successful work continued in a second phase called GBplus in
December 2007.
According to Barta-Kovácsy (2010) GBP is a flexible set of standards which focuses almost
exclusively on energy efficiency and renewable energy sources. Thus targets to be reached and the
way of implementation differ by every building. According to its flexibility projects are difficult to
compare.
Environmental assessment methods and rating systems for buildings are in continuous reformation.
Second public comment of LEED 2012 closed in January 2012, international version of BREEAM
2011 will surely be followed by a new version soon. It is expected that standards in force will become
more severe every two-three years which will have impact on the above mentioned methods. Interest
of investors seeks for proof of the quality and environmental awareness of their buildings by
organisations recognised everywhere in the world. Therefore more and more schemes will support
easy assessment of any type of building.
3. WHY IT IS AN ADVANTAGE IF A BUILDING IS CERTIFIED?
The question emerges easily: is it worth to construct a green building and let it certify? Do all costs
and efforts repay? No doubt, it needs greater awareness of both investor and constructor. In Hungary
the situation is even more difficult because environmental aware construction is in its infancy.
However a critical investor offers great attention to detailed planning, selection of contractors, and
control of their job, selection of materials to be used, and correct documentation of processes. Figure
1. made visible that significant additional cost is caused by overdue need for certification. According
to Gelesz-Reith (2011) construction cost of buildings designed originally green does not exceed the
one of conventionally designed and constructed. If a building can come into existence with help of
appropriately trained consultants, investors, architects and constructors even cost reduction can be
realized. Above all, advantages of a sustainable building and healthy built environment are
undisputable.
Social earning of such buildings is hard to quantify. Still there is research which analyses financial
success of such projects. Results of one (Kats et al., 2003) show that initial investment (2% of
construction costs) which arises to let the building certified typically yields in life cycle savings in
over ten times. Life of the building is conservatively assumed to be 20 years. Additional costs are
considered to be: time for design and construction can be longer due to get acquainted with requisites,
costs of certification, costs of an assessment professional taking part in the work. Another result (9)
shows that certification by LEED arises construction costs by 4-11%. Half of these cost is greening of
the building: investments in alternative systems, materials or practice. The remaining cost falls outside
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the range of construction costs, they include incremental costs for design, documenting compliance,
and verifying compliance through commissioning process. All of the latter costs are attributable to
LEED. Some of the greening costs however, may reflect standard construction practices to compile
local standards. According to the authors proportion of costs of obtaining LEED certification will
decline within total costs as architects, contractors and consultants become more familiar with the
process.
Part of the arguments listed below is valid for green buildings which are not certified also. As
certification by a sovereign organisation is not a too big step compared building (but the need must be
defined well in advance), advantages listed below are worth to obtain. It is not negligible that some
advantages affect total society besides organisations.
An environmental assessment and certification:
Ensures that the project stands on human and natural environment’s guard, and takes them as
resources to be developed.
Proves that the building was constructed based on best practice of protection of the
environment.
Its standards are more severe than local regulations.
It can force corporate social responsibility and environmental awareness of organisations.
Shows the way to compliance of environmental regulations.
Experience of architects grows thus their expertise and recognition increases, their building
will become better.
Increases the value of the building in addition to the amount invested which is followed by
increase of the assets of the investing company.
Real estate funds and agencies can enrich their portfolio.
Investors can lessen their risk from the beginning of the project.
For buildings in-use an assessment clearly shows repair options for both owner and occupant,
and delivers a negotiating basic for development.
Ameliorates the marketability of the project:
o Because the project is newsworthy as of beginning.
o The buyer also takes advantage of media presence.
o Operation and maintenance costs are attractive.
o The value of the building is expected to decline slower that the one of a conventional
building.
Staff working in the building stays in a healthier environment, absenteeism is reduced.
Operational costs reduce (use of energy and water, generated waste is less, productivity
progresses because of less absenteeism).
Media presence is an advantage for all companies taking part in the investment:
o Certification is an unequivocal tool and proof for CSR.
o Trustworthiness of management is positively affected by the certificate in eyes of all
stakeholders.
Human resource management of the occupant companies can gain from healthier and pleasing
indoor environment:
o Company is more attractive in recruitment of potential employees.
o Employee moral improves.
o Reduced absenteeism caused by illness.
o Improved productivity.
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4. SUMMARY
Growth of maintenance costs of buildings, protection of the environment becoming common talk,
need for corporate social responsibility, prestige targets of international companies, and oversupply on
the market brought new trend to the building industry of Hungary: environmental awareness. Although
there are relatively scarce buildings constructed alike, even less have internationally recognised
certification, their number is growing, and there are more waiting for contest.
Environmental assessment methods and rating systems have been introduced and compared in this
paper which showed unequivocally that in this sense, green means not only low energy consumption
but improvement in several other building characteristics.
How does this affect the Hungarian building industry? Currently there is already market need for such
buildings, and rise of supply will infer demand. As of that stage not only presence of certification but
also its grade will be an important characteristic of a building. Increase in need for environmental
aware buildings can serve the whole building industry: it is a good improvement if constructors must
stand the proof of demanding quality directions. Already greater awareness can often affect better
quality and environment.
Environmental conscious construction would receive strong encouragement if standards would
regulate admissible environmental effects in case of all new buildings and refurbishments. Energy
certificate is a significant progress, but it would be more do. If condition of non-refundable supports
and preferential credits was verification of sustainability, building industry would start up greening.
Enhancement of environmental consciousness is of course not for its sake. It should facilitate the
society to take responsibility for itself, and should show a liveable future.
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