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THE THIAZOLE SYNTHESIS BY USING ENVIRONMENTAL SOLVENT
Ahmet COSKUN
Department of Chemistry, Necmettin Erbakan University,
Ahmet Kelesoglu Education Faculty, Konya 42099, Turkey

Abstract
A convenient method for the synthesis of thiazoles and aminothiazoles by treatment of phenacyl
bromides with thioamides/thiourea in the presence of tetrabutylammonium hexafluorophosphate
(Bu4NPF6) at room temperature was developed. The products having high yields were formed rapidly
(within 17 min). The method is simple, rapid and practical, generating thiazole derivatives in excellent
isolated yields. The structures of the newly synthesized products were identified by FT-IR, 1H NMR,
13
C NMR spectroscopy and elemental analysis data.
Key words: Thiazole, thiourea, tetrabutylammonium salt
1. INTRODUCTION
Thiazoles are important class of natural and synthetic compounds. Thiazole derivatives display a wide
range of biological activities such as cardiotonic, fungicidal, sedative, anasthetic, bactericidal and antiinflammatory(Suri K A, Suri O P et all; 1980; Tripati H et all;1975; Louis L, 1998). The synthesis of
thiazole derivatives is important of their wide range of pharmaceutical and biological properties. The
most straight forward procedure reported by Hantzsch in 1887 involves one-pot condensation of haloketones, and thiourea or thioamides in refluxing alcohol(Hantzsch and Weber H; 1987).
This is method, however long reaction time (24-25 h), harsh reaction conditions, the use of large
quantity of volatile organic solvents generally gives low yields. Modified procedures have been
reported by King et al(Dadson R M and King L C; 1945) and others(Rajeshwar Rao V and
Padmanabha Rao T V; 1986) involving the replacement of -haloketones with ketones and halogen.
Therefore, the development of more economical and environmentally friendly conversion processes is
highly desirable.
With the increasing environmental concern and the regulatory constraints faced in the chemical and
pharmaceutical industries, development of environmentally benign organic reactions has become a
crucial and demanding research area in modern organic chemical research (Anastas P and Wiliamson
T; 1998).
Therefore, more and more chemists synthetic endeavors are devoted towards ‘green synthesis’ which
means the reagent, solvent and catalyst are environmentally friendly.
In view of the importance of thiazole and its derivatives, several methods for the synthesis of thiazole
derivatives were developed.
We, herein, present an improved method for the synthesis of thiazoles, 2-amino and 2-alkyl
derivatives, from treatments of phenacyl bromides with thioamide/thiourea derivatives by using
Bu4NPF6 as a catalyst.
The reactions were carried out at room temperature and the high yield products were formed within 17
min. The obtained structures were settled from their spectral (1H and 13C NMR) data.
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Thiazole derivatives in high yield were obtained from the treatments of biphenyl bromides and
thiourea/thioamide derivatives with Bu4NPF6 at ambient temperature (Scheme 1).

The catalyzed reaction time and yield, and also melting points of the obtained products are given in
Table 1.
Table 1. Synthesis of 2-amino-4-arylthiazoles and 2-methyl-4-arylthiazoles catalyzed by Bu 4NPF6

Ar

R

Thiazole

Yielda

Time (min)

Mp (oC)

1

C6H5-C6H4

NH2

3a

93

17

69-71

2

C6H5-C6H4

Me

3b

96

15

69-70

3

C6H5-C6H4

NMe2

3c

89

15

156-158

4

C6H5-C6H4

Ph

3d

92

16

Entry

a

129-131

Isolated yield after column chromatography.

2. MATERIALS AND METHODS
1

H and 13C NMR spectra were recorded on a Bruker DPX-400 spectrometer in CDCl3 using TMS as
internal standard. Infrared spectra were recorded with Perkin-Elmer 1605 FTIR spectrometer using
KBr pellets. Elemental analyses were obtained using a LECO-CHNS-932 instrument. Melting points
were measured by using a EZ-Melt Automated MPA 120 melting point apparatus. All solvents and
chemicals were of research grade and were used as obtained from Merck, Fluka and Sigma. Column
chromatography was performed using silica gel (60–120 mesh size).
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General procedure for the synthesis of thiazole derivatives
A mixture of phenacyl bromide 1 (1 mmol), thioamide/thiourea 2 (1.2 mmol) and Bu4NPF6 (10 mol%)
was stirred in MeOH (5 mL) at room temperature under vigorous magnetic stirring. The progress of
the reaction was monitored by TLC. After completion of the reaction, the mixture was filtered. The
filtrate was concentrated and the residue was subjected to column chromatography over silica gel
using hexane-EtOAc (4:1) as eluent to afford pure product.
4-([1,1'-biphenyl]-4-yl)thiazol-2-amine (3a)
White solid; mp 69–71 oC; FT-IR (KBr): 3460, 3246, 3014, 2200, 2046, 1675, 1629, 1544, 1525,
1493, 1457, 1333, 972, 763 cm-1; 1H NMR (CDCl3, 400 MHz): = 5.11 (br s, 2H, NH2), 6.53(s, 1H,
thiazole H), 7.13-7.71 (m, 9H, Ar-H); 13C NMR (CDCl3, 100 MHz): = 98.9, 119.4, 119.5, 123.5,
125.4, 127.7, 130.0, 145.2, 156.8, 158.1, 171.4.
4-([1,1'-biphenyl]-4-yl)-2-methylthiazole (3b)
Yellow solid; mp 69–70 oC; FT-IR (KBr): 3233, 3019, 2837, 2205, 1671, 1620, 1543, 1489, 1464,
1302, 979, 758 cm-1; 1H NMR (CDCl3, 400 MHz): = 2.78 (s, 3H, CH3), 6.53 (s, 1H, thiazole H),
7.15-7.63 (m, 9H, Ar-H); 13C NMR (CDCl3, 100 MHz): = 19.5, 108.6, 118.2, 118.7, 121.7, 124.0,
126.4, 127.3, 128.4, 153.2, 157.1, 169.3.
4-([1,1'-biphenyl]-4-yl)-N,N-dimethylthiazol-2-amine (3c)
White solid; mp 156–158 oC; FT-IR (KBr): 3211, 3017, 2835, 1606, 1569, 1545, 1489, 1463, 1311,
762 cm-1; 1H NMR (CDCl3, 400 MHz): = 3.13 (s, 6H, CH3), 6.49 (s, 1H, thiazole H), 7.12-7.67 (m,
9H, Ar-H); 13C NMR (CDCl3, 100 MHz): = 41.2, 105.0, 117.4, 117.8, 121.3, 124.1, 125.3, 127.1,
127.7, 150.0, 157.1, 170.0.
4-([1,1'-biphenyl]-4-yl)-2-phenylthiazole (3d)
Yellow solid; mp 129-131 oC; FT-IR (KBr): 3224, 3012, 1610, 1545, 1523, 1481, 1452, 762 cm-1;
H NMR (CDCl3, 400 MHz): = 6.44(s, 1H, thiazole H), 7.11-7.71 (m, 14H, Ar-H); 13C NMR (CDCl3,
100 MHz): = 100.1, 111.5, 118.6, 119.4, 123.7, 125.5, 127.7, 129.2, 130.9, 144.8, 153.1, 156.0,
158.1, 170.5.
1

3. RESULT AND DISCUSSION
In summary, we have developed a simple, convenient and effective method for easy synthesis of
thiazole derivatives by the condensation of substituted -haloketones and thioamides/thiourea in the
presence of tetrabutylammonium hexafluorophosphate (Bu4NPF6) at room temperature. Present
methodology offers very attractive features such as reduced reaction times (within 17 min), higher
yields (89-96%) and environmentally benign condition. The simple procedure combined with ease of
work-up and entirely appropriate conditions make this method economic, benign and a waste-free
chemical process for the synthesis of thiazole derivatives of biological importance. The structures of
the newly synthesized products were identified by FT-IR, 1H NMR, 13C NMR spectroscopy and
elemental analysis data.
4. CONCLUSION
In summary, we have developed a simple, convenient and effective method for easy synthesis of
thiazole derivatives by the condensation of substituted -haloketones and thioamides/thiourea in the
presence of tetrabutylammonium hexafluorophosphate (Bu4NPF6) at room temperature.
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SYSTEM APPROACH IN ENVIRONMENTAL RISK MANAGEMENT:
CASE OF YAMAL - NENETS AUTONOMOUS DISTRICT OF RUSSIA
Alexander N. Medvedev1,2, Marina A. Medvedeva2
1

Institute of Industrial Ecology, Ural Branch of Russian Academy of Sciences,
Sophy Kovalevskoy St., 20, Yekaterinburg, Russia
2

Ural Federal University, Mira St., 19, Yekaterinburg, Russia

Abstract
In the frames of the regional project “Appraisal of Environmental situation in Yamal - Nenets
Autonomous District” Russia, a methodology for meeting the challenges of environmental
management on the municipal level was developed. It was based on system approach to environmental
risks assessment and management. The methodology foresaw three consequent research stages:
complex interdisciplinary study of environmental situation on the territory; health risk assessment due
to environmental pollution; setting of priorities and development of proposals for municipal
authorities on the risk mitigation. The methodology and some results of its implementation in two
cities of Yamal - Nenets Autonomous District are presented in the paper.
Key words: environmental management, pollution, health risk assessment.
1. INTRODUCTION
Up to the present time, regular environmental monitoring is not conducted in many small cities of
Russia. This situation is typical for the cities with less than 100 thousands of population, where
stationary monitoring posts of Federal Hydrometerological Service of Russia are not established.
Assessing of the environmental pollution and its impact on public health are actual tasks for these
cities. Such information is necessary for municipal authorities in order to select the most effective
measures on mitigation of environmental risk in the frames of the municipal environmental
management system.
In 2006-2010 Institute of Industrial Ecology of Ural Branch of Russian Academy of Sciences fulfilled
the series of works on complex assessment of the environmental situation in several cities of Yamal Nenets Autonomous District (YNAD) of Russia. The works were conducted in the frames of the
regional project “Appraisal of Environmental situation in Yamal - Nenets Autonomous District”,
which was financed by YNAD administration.
At the first stage of the work together with the Department of Analysis of Systems and DecisionMaking of the Ural Federal University, a methodology for obtaining a complete picture of the
environmental situation in the urban areas was developed. It was based on the system approach to
environmental studies, taking into account the results of the preliminary analysis of available
environmental and medical data (O.I. Nikonov, M.A. Medvedeva, A.N. Medvedev 2005; A.N.
Medvedev, V.N. Chukanov 2007).
The methodology foresaw three consequent research stages: complex interdisciplinary study of
environmental situation on the territory; health risk assessment due to environmental pollution; setting
of priorities and development of proposals for municipal authorities on the risk mitigation.
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The descriptions of the methodology as well as some results of its application in two cities of YNAD
are presented below.
2. METHODOLOGY
2.1. Preliminary analysis of environmental and medical data
For identifying of priority research areas and justification of the composition and volumes of works,
the preliminary analysis of available data on the natural environment and the public health of YNAD
was conducted. Regional statistical data as well as reports data of previous environmental studies were
used as the information sources. The analysis has shown the following.
2.1.1. Atmospheric pollution
The main source of emissions across YNAD is the burning of associated petroleum gas (APG) at
flares. The APG utilization is one of the most important problems for the district.
The second on importance source of emissions is motor transport. The number of transport units is
permanently growing, on average by 30% annually. In large settlements, located far away from places
of oil-and-gas production, motor transport has become the main emission source - the proportion of
pollutants from motor vehicles is 50-70% or more.
The priority pollutants are suspended solids, nitrogen dioxide, carbon monoxide, formaldehyde, lead,
sulfur oxide, hydrocarbons, soot. Noise pollution and chemical contamination of roadside territory in
many cases can also create a dangerous situation for public health.
2.1.2. Pollution of natural water
The activity of oil-and-gas companies is the main source of pollutants inflow into natural waters. All
small streams, lakes and wetlands, located at the territory of oil-and-gas deposits, are polluted
significantly by oil. The pollution is particularly high on multiple well platforms. Migration of the oil
out of the deposits is observed with the river runoff, especially during spring flood.
Oil and oil products, as well as phenols are the main pollutants of the Ob River and of its tributaries
within the district and beyond.
Among the heavy metals, the most important role in the pollution of water play the following:
mercury, lead, tin, cadmium, chromium, copper, zinc, cobalt, strontium, manganese and aluminum.
The quality of the groundwater in general meets drinking water standards of Russia with the exception
of high content of iron and manganese, which is typical for this region.
2.1.3. Soil pollution
The main factor affecting the condition of the soil in the YNAD, is the activity of the oil-and-gas
producing and the construction companies.
Each year several thousand square meters of land is subjected to pollution from oil spills, and the mass
of spilled oil can reach several tens tons per year. The content of heavy metals in soils generally not
exceeds MAC and Clarke values. However, in the industrial areas of settlements there is a tendency to
soil pollution by heavy metals, such as chrome, copper, lead, zinc, nickel and arsenic.
Sometimes one can observe soil contamination by waste of production and consumption as a result of
unsatisfactory waste management in some municipalities.
In nowadays motor vehicles also may be included in the main sources of soil contamination in the
settlements, because the exhaust gases of internal combustion engines contain solid aerosols, which
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deposit on the soil and cause its pollution. Priority pollutants for gasoline engines are lead compounds,
and for diesel engines - soot.
2.1.4. Population health status
Overall average morbidity for YNAD, as for the Russian Federation in a whole, has a tendency to
increase. The main types of somatic pathology are: respiratory diseases - 29.8%, second place circulatory diseases - 22.3%, in third place - injury and poisoning - 16.7%.
The environmental pollution is one of the leading factors having an adverse effect on human health.
The main unfavorable environmental factor in towns is the atmospheric pollution due to motor
transport emissions. The drinking water pollution is on the second place on the significance of impacts
on the population health. In some municipalities, sanitary authorities found in different years up to 5070% of drinking water samples did not meeting the hygienic standards.
The soil pollution may also affect the people’s health in case of the wind transfer of soil particles and
inhalation of the polluted air. This pollution may pose the most danger to children, if the childcare
facilities are located in the polluted areas.
2.2. Stages and types of works
In order to get a detailed description of the environmental conditions on the urban territories of
YNAD, a cycle of interdisciplinary studies was fulfilled in several cities of the district with different
levels of anthropogenic impact.
The methodology included three consequent stages:
• Complex study of environmental pollution including terrain surveying with collecting of samples for
chemical analysis and straight measuring of some environmental parameters;
• Comparison the obtained results with indicators of population health status, and risk assessment of
morbidity due to chemical pollution of the air, drinking water and soil;
• Definition of the environmental priorities, and elaboration of the measures for improving of
environmental condition and environmental health risk reduction.
The following main types of research were fulfilled.
Study of air pollution:
• Analysis of the structure and intensity of vehicular traffic;
• Calculations of pollution indexes from vehicles and stationary sources;
• Sampling of snow in residential and industrial areas using own methodology (V.N. Chukanov, A.P.
Sergeev, S.M. Ovchinnikov, A.N. Medvedev 2006);
• Chemical analysis of snow samples;
• Mapping the spatial distribution of snow pollution and air pollution on the territory.
Study of soil pollution:
• Sampling of soil in residential and industrial areas;
• Chemical analysis of soil samples;
• Mapping the spatial distribution of soil pollution on the territory.
Study of drinking water pollution:
• Sampling of drinking water in preschool institutions;
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• Chemical analysis of drinking water samples.
Study of radiation factors (A.N. Medvedev, A.P. Sergeev, I.V. Yarmoshenko, A.D. Onishenko 2009):
• Measurement of the external gamma radiation dose in residential and industrial areas and in
preschool institutions;
• Mapping the spatial distribution of gamma-background on the territory;
• Determination of the radon volumetric activity in indoor preschool institutions;
• Assessment of doses to children due to natural sources of ionizing radiation.
The results obtained were used for determination of relevance of all the factors, which were studied,
on the basis of a methodology for assessing the risk of morbidity due to air, water and soil pollution.
Children attending preschool institutions were selected as a group of risk for assessment of the
possible impact of environmental pollution on population health, because they are the most sensitive
to all unfavorable external factors.
The risk assessment was fulfilled in accordance with the Guidance “Health Risk Assessment from
Environmental Chemicals” (Russian Ministry of Health 2004).
The Guidance is based on the methodology, developed by the United States Environmental Protection
Agency for health risk assessment due to chemical pollution (US EPA 2013).
On the third stage of the work, the main directions of risk management were determined and a number
of measures were proposed, which should be used in decision making aimed at reducing of
anthropogenic impact on the environment and the population of YNAD.
3. MAIN OUTCOMES
The described methodology was used for complex environmental research in cities of Salekhard, Novy
Urengoy, Noyabrsk and Tarko-Sale (M.V. Zhukovsky, A.N. Medvedev, I.L. Manzhurov, V.L.
Lezhnin 2009; A.N. Medvedev 2011).
Below some results obtained in cities of Salehard and Noyabrsk (Fig. 1) in 2006-2008 are presented.

Fig 1. Location of Yamalo-Nenets Autonomous District and cities of Salekhard and Noyabrsk (Yahoo!
Image Search 2013).
11
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Salekhard (also spelled Salehard) is an administrative center of Yamalo-Nenets Autonomous District,
one of few Russian administrative centers, which are less than other cities of the region in population
and industrial output. Salekhard is the fourth largest city in the region after Novy Urengoy, Noyabrsk,
Nadym, the only city in the world located on the latitude of Northern Polar Circle. Salekhard
population is about 46,500 (RussiaTrek 2013).
Salekhard is located on the right bank of the river Polui not far from where it flows into the Ob River,
2,436 km from Moscow. The city is connected by ferry across the Ob River (in summer) and ice road
(in winter) with the railway station Labytnanga (about 16 km from Salekhard).
There is a river port in the city (boats to Khanty-Mansiysk, Omsk and small settlements on the banks
of the Ob River). There is also an airport in Salekhard.
Oil and gas industries are not presented in Salekhard and in its surroundings. There is a fish canning
plant, milk-processing plant, a plant of construction materials, wood-processing base in the city.
Noyabrsk is the largest city in the District. It located in the middle of the West Siberian Oil Fields on
the Tyumen - Novy Urengoy railway. Population: 110,620 (Wikipedia 2013).
The economy of Noyabrsk is based on hydrocarbons production. Noyabrsk is the base of operations
for two major companies. Gazprom Neft - Noyabrskneftegaz is a major oil producing subsidiary of
Gazprom Neft. It is the largest oil company in the District giving about 6% of Russia's total oil
production.
In the natural gas sector, Gazprom Dobycha Noyabrsk - one of the three leading Gazprom subsidiaries
- has an annual production of 85 billion cubic meters. This corresponds to 9.3% of Gazprom's total
yearly gas production. It develops several gas fields in the city surroundings.
In addition, there are over 1,000 companies providing services for the oil and gas industry and support
for the social infrastructure of the city.
3.1. Environmental pollution in urban areas
In general, the research data correspond to the conclusions of the preliminary data analysis.
According to studies in urban areas, the main source of air pollution and population exposure is motor
transport. Pollutant concentrations in the atmosphere near the highways and intersections are about 3
MAC for carbon monoxide and 4-6 MAC for summation group of nitrogen dioxide and sulfur.
Compared with the large industrial cities of Russia, the observed level of air pollution can be regarded
as low. This is confirmed by the data of chemical analyses of snow specimens, which showed that the
dust deposition density on the territory is in 3 - 5 times less in comparison with the values,
characteristic for the industrial cities.
Only in a few points (about 4% of the total), located near highways, the values of dust deposition
density correspond to the industrial city level of (about 250 kilogram per square kilometer per twentyfour hours).
The drinking water pollution is not high in the absolute values. Such substances as silicon, iron and
phenol are found in water specimens in concentrations of 1 - 1.5 MAC.
But there is another unfavorable factor, which makes the drinking water physiologically defective,
especially for children. That factor is - a shortage of some elements such as calcium, magnesium,
sodium, potassium, chloride, sulfate, fluoride, iodine.
Soil pollution is negligible at the studied territories. For instance, in Noyabrsk the concentrations of
most elements in the soil are greatly below standards. Only in a few locations the concentrations
exceed standards up to 1.2 - 3.7 MAC on nickel, copper, zinc and lead. These anomalies most likely
12
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are connected with unauthorized waste disposal, because there are no metallurgical or metalprocessing enterprises in the city.
According to the results of radiation survey, the level of external radiation dose rate corresponds to
natural radiational background (from 40 to 60 nSv/hour). The level of children's exposure to radon in
preschool institutions corresponds to norms of radiation safety and does not present any hazard to the
health of children (EEVA of radon is: an average value - 19 Bq/m3, maximum value - 54 Bq/m3,
normativ value - 200 Bq/m3).
3.2. Health risk due to environmental pollution
Assessment of health risk due to environmental pollution for children, attending preschool institutions,
has shown the follows.
The obtained carcinogenic risk level from exposure to air pollutants, on the classification of the World
Health Organization corresponds to the "middle risk level" (from 1.5*10-4 to 7*10-4). That requires
the development and implementation of the systematic measures on the air quality improving and the
prevention of morbidity, connected with the air pollution.
Calculated level of risk to child health from drinking water pollution is assessed as acceptable and
does not require taking any immediate action. However, improving of the drinking water quality
remains one of the priority tasks of the municipalities.
The risk level due to the soil pollution is assessed as acceptable.
The summary individual carcinogenic risk for health from combined exposure to chemical pollutants
of the air, water and soil does not exceed the upper limit of “acceptable risk” (according to the World
Health Organization’s classification). That level of risk does not require the adoption of urgent
measures for its reduction, but foresees the permanent work, aimed at the environmental pollution
prevention and possible negative effects on the population health.
3.3. Recommendations on the environmental risk reduction
On the third stage of the work, some measures and recommendations were proposed, that should be
used in decision making aimed at anthropogenic pressures reducing on the environment and the
population of Yamal-Nenets Autonomous District.
As it was observed, among the environmental factors, the chemical air pollution from motor transport
emissions was the main source of negative impact on children's health in the cities of YNAD. The
maximum impact levels were obtained for children, attending preschool institutions, located in close
vicinity of the roads and intersections with the most intense vehicular traffic.
For motor transport impact reducing, the following measures were proposed for consideration:
• Reallocation of transport flows around the preschool institutions, decreasing the traffic on the nearest
roads and intersections;
• Construction of new preschool institutions in the least polluted areas, taking into account the maps of
the spatial distribution of chemical pollutants in the city, in the safe disposal of the industrial sites, the
highways and the intersections with heavy traffic, preferably inside of residential neighborhoods;
• Scheduling the ventilation of rooms and children's staying on the fresh air in time of the least
intensive vehicular traffic;
• Restricting the trucks traffic in the city center;
• Installation of exhaust gases catalytic converters on urban motor transport, or applying of more
ecological fuel - natural gas;
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• Prohibition of the use of gasoline with lead additives, and ensuring appropriate control measures;
• Study of lead concentration levels in the atmospheric air and soil on the territory of preschool
institutions, as well as in children's organism, evaluation of the effects of lead on children's health;
• Measuring the average daily air concentrations of nitrogen dioxide on the territories of preschool
institutions;
• Conducting of regularly scheduled wellness activities for children, attending the child care centers
for which the maximal values of environmental risk were obtained;
To reduce the environmental risk for children's health due to drinking water pollution it is necessary:
• Regularly monitor the content of silicon, iron, manganese and phenol in drinking tap water;
• Maintain the quality of drinking water at the current level;
• Adjust the composition of drinking water to provide the necessary levels of fluorine and iodine
• Optimize the composition of drinking water to provide the necessary levels of fluorine, iodine,
rigidity and trace elements (sodium, potassium, calcium, magnesium, chlorides, sulphates.
To reduce the total anthropogenic impact on the natural environmen on the teritory of the District, it is
necessary to provide the conducting of exploration and mining operations in full compliance with the
norms and standards of environmental safety.
As it is known, large-scale prospecting works on oil and natural gas can greatly affect the natural
environment, especially in terms of increased sensitivity of the natural environment of the northern
regions to man-caused influences.
In connection with planned expansion of such works on the Yamal Peninsula and the Gydansky
Peninsula, an effective environmental monitoring system has to be created prior to the beginning of
this works.
The first task of the monitoring system is to determine a background pollution of the air, soil, snow
cover, natural waters and sediments, as well as condition of the plants and animals in the development
areas.
These data will serve as an information basis for study of possible environmental changes and
prediction of ecosystems reaction on the anthropogenic pressure. In general, the environmental
monitoring system must cover all phases of exploration and mining operations, including the post
operational period.
The environmental monitoring conducting is equally required during exploration and extraction of
both hydrocarbon and mineral raw materials. In particular, chromite ores are currently mined on
“Centralnoe” deposit (massif “Rai-Iz”), which is located in the Harp village of YNAD. In the frames
of mega-project “Ural - industrial, Urals - Polar” it is planned involvement in the operation of new
deposits of iron, copper, silica, lead, gold, coal, zinc and some other minerals.
In order to effectively assess and manage the impact of mining works on the environment, a
methodology of environmental monitoring of the zone of influence of the mining enterprise is
recommended.
The methodology was developed at the Institute of Industrial Ecology of Ural Branch of Russian
Academy of Sciences and tested on several mining enterprises of the Middle Urals of Russia
(Medvedev A., Suslonova G. 1999).
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The proposed monitoring system provides identifying both primary and remote negative changes in
natural environment due to mining activities on the basis of an integrated methodological approach
with use of the sanitary and ecological criteria for assessing the state of the natural environment.
4. CONCLUSIONS
The developed methodology was successfully used for conducting of the complex environmental
studies in cities of Salekhard, Noviy Urengoy, Noyabrsk and Tarko-Sale in 2006-2010.
In general, based on the all data obtained, one may conclude that the actual environmental situation on
the urban territories of Yamal-Nenets Autonomous District may be considered as relatively
satisfactory.
Environmental pollution in the District's cities is not the leading factor, affecting the human health.
But, in connection with planned significant extension of the extraction both hydrocarbon and mineral
raw materials the situation may take a turn to the worse.
Therefore, it is needed to pay a great attention to minimization of antropogenic impacts on the
environment and to conduct permanent environmental monitoring for timely identification of
challenges for ecological safety and effective management of environmental risk.
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Abstract
The largest amount of greenhouse gas emissions in the world (60%) come from the energy sector.
Greenhouse gas emissions during the electricity and heat production strongly depend on the fuel mix
and combustion technologies, tariff and tax policy, etc. The environmental factor at present is
considered as one of the energy security indicators. Specific greenhouse gas emission per unit of heat
and electricity produced was chosen as such indicator.
The MESSAGE model was used for the Belarusian energy system for analysis of the scenarios by
considering possible diversification by type of energy resources and by suppliers. For the considered
scenarios specific emissions of CO2 per unit of heat and electricity produced had been calculated.
The tax on fossil fuels burning was taken as an influencing factor on the environmental indicator.
Established results show its impact on optimal structure of the generating capacity and greenhouse
gas emissions in the energy sector.
Key words: energy security, diversification, energy suppliers, carbon tax, scenario modeling,
greenhouse gases, energy production cost
ITRODUCTION
Energy security was of practical interest for past several decades. In recent times it has became a
separate and important field of science and research (Bohi, Toman, 1996; Sovacool, Brown, 2010). For
a long time both among politicians and among scientists there were discussions of what is meant as
energy security and what kind of criteria will reflect optimally the essence of the concept. The
question arises also whether the energy security is qualitative abstract term, or whether it can be
expressed using quantitative indicators, and if so, then what indicators can be used for this purpose.
There are discussions among specialists how to determine the threshold levels of necessary indicators.
As it was noted by Cherp and Jewell (2010) there are three main approaches to the understanding of
energy security, that can be called "independence", "reliability" and "sustainability". In each approach
the most attention is given to a specific set of threats, responses and strategies for sustainability. The
solution must be integrated, especially in cases where structural changes occur in power systems.
The Concept of energy security of Belarus (2007) gives the following definition of energy security:
"Energy security of the country means the highest level of reliability of the fuel and energy resources
provision for sustainable socio-economic development, the achievement of the entire set of criteria for
economic independence and political autonomy and minimization of damage in emergency

1
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situations." In general energy security includes four main components: energy independence;
diversification of energy resources and their supply; reliability of power supply; energy efficiency.
Among factors that negatively affect the energy security of the Republic of Belarus could be listed
following: low supply of own energy resources; high energy intensity of the economy; significant
share of natural gas in the energy balance of the country; high degree of depreciation of the production
assets of the fuel and energy sectors; domination of one country's imports of energy resources; high
cost of imported energy; lack of investment in the energy sector of the country.
Energy security issues currently are most important problems of the strategy of sustainable
development in Belarus. As it was mentioned above the energy balance of the Republic of Belarus is
characterized by predominance of one type of fuel (natural gas) and one supplier of energy resources
(Russian Federation). At present, the share of natural gas in the electricity and heat production reached
85%. Therefore, the problem of diversification of energy resources becomes especially important for
Belarus and it is considered by development of long-term planning of the energy sector.
2. METHODOLOGY
Indicator approach is most commonly used at present by assessment the state of energy security in
different countries (Voropai, et al., 1996; Mikhalevich, 2010; Bykova, et al., 2010). Indicative analysis
is based on a system of quantitative assessments of the situation – the indicators quantifying the degree
of threats to energy security. Its essence is to compare the actual values of indicators (current and
expected) with some of their critical thresholds (maximum allowable) values, the threshold levels may
themselves be reviewed periodically, and their values are set primarily on the basis of expert
assessments.
The group of 12 indicators that characterize the main components is used for the assessment of energy
security in Belarus. The group of indicators that characterize independence are "share of domestic
energy resources in the fuel balance of boiler", "share of consumption of motor fuel, provided by the
domestic oil production" and "share of a possible domestic production in total consumption of
electrical energy."
The group of indicators characterizing diversification includes "share of the dominant energy supplier
in the gross consumption of energy resources", "share the dominant energy source (gas) in fuel the
consumption of boiler fuel", "share the dominant energy source (gas) in the production of thermal and
electric energy."
The group of indicators that characterize the reliability, are indicators such as "the share of thermal
power plants that operate with two or more interchangeable fuels", "reserves of boiler fuel (gas and
fuel oil)," "ratio of the total installed capacity to the peak load in power generation system (reserve)",
"depreciation of the production assets of the fuel and energy complex", "the ratio of investment in
energy complex to the cost of production assets". Finally, energy efficiency is characterized by the
"energy intensity" index.
The term of energy security is most often used for national or regional (in the sense of combining
several countries in the same region) levels. However, each country can select one or more sectors and
industries, which in case of implementation of various threats of energy security will suffer to the
greatest extent, which will lead to significant damage to the national level.
The energy sector is a key power industry for the Republic of Belarus from the point of energy
security as a sector that provides centralized supply of electricity and heat. This is due to several
reasons, namely: strong dependence on one type of energy resources in the production of heat and
electricity; small stockpile of its own energy resources; strong dependence on a single supplier of
energy resources; high proportion of centralized power (i.e. small share of distributed sources of
18

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
electricity and heat);high proportion of district heating, and small share of renewable energy in the
production of electricity and heat.
Minimizing of the impact of power generating facilities on the environment becomes relevant for
achievement of sustainable development of any country and this indicate the necessity to take into
account of environmental factors. Greenhouse gases emission are suitable for establishing of such
factor because they have not only a local impact in some territory but also global character.
The main greenhouse gas in the Republic of Belarus is the carbon dioxide (CO2). Share of CO2 in
2009 amounted to 64.7% of the total GHG emissions. Moreover, a significant contribution to GHG
emissions in Belarus (34.6%, or 30.3 million tonnes of CO2) makes electricity and heat generation
(National inventory report of the anthropogenic emissions by sources and removals by sinks of
greenhouse gases not controlled by the Montreal Protocol for 1990–2009, 2010).
In order to analyze the impact of energy security threats on the country's economy and provision of
fuel and energy resources (primarily electricity and heat) different scenarios of energy system of
Belarus in the long term (until 2050) were modelled in this study depending on changes in the
diversification indices. The factor of diversification by energy resources was considered to limit the
consumption of natural gas, as well as constraints on Russian energy resources imports. The tax on the
burning of carbon-containing fuels was used as an environmental factor. "The carbon tax" reflects the
increase of the cost of fossil fuels, depending on the carbon content in it, as well as the amount of
carbon dioxide emitted by burning of a fuel. This tax was not applied in case of biomass, because of
"zero balance" of the biomass plant.
The MESSAGE model (Model for Energy Supply Strategy Alternatives and their General
Environmental Impacts), developed by the International Institute for Applied Systems Analysis
(IIASA) for the energy systems optimization (MESSAGE: Model for Energy Supply Strategy
Alternatives and Their General Environmental Impacts, 2010) have been used in the present study.
Basic principle of the MESSAGE model is to optimize the objective function with the given
constraints that define the area containing all possible solutions. The objective function helps to
choose the best solution according to the criteria specified.
A general view of the objective function is expressed by equation (1). Typically the objective function
consists of the capital (or investment) cost (I), the salvage value (or depreciated cost at the end of the
simulation period) (S), the fuel cost (F), the cost of fuel stocks (L), operating and maintenance costs
(M), and may include also the "carbon" tax (CT). The optimal plan is defined as a minimum of Bj for
all j.
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where Bj – is the objective function corresponding to the plan of energy system development,
t – time in years (1, 2, ...., T),
T – the duration of the study period (total number of years).
The bar over the symbol means the discounted value with the discount rate i.
The following methodology was used for calculating the averaged production cost of electricity and
heat over the overall energy system. According to the proposed methodology, the capital costs are
allocated to the lifetime of the unit, and fuel and maintenance costs were taken into account for each
year of the period. The average production cost of electricity for each unit each in year t is obtained by
dividing the total capital, fuel, and operating costs by the amount of electricity supplied to the
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network. The average production cost of electricity throughout the power system is obtained by
dividing the total costs of all units by the total amount of electricity supplied to the grid.
The average production cost of heat supplied by the boiler is calculated in a similar manner.
To calculate the production cost of the electricity and heat from CHP the costs of produced thermal
and electric energy was divided in proportion of quantity of the kind of energy.
The following formulas for calculation of the average production cost of electricity for generating
plants that produce only electricity (or heat), as well as the average cost over the entire power energy
system were used in the report:
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where Ii,j – the capital costs for the plant j in year i;
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Nj – the plant life of unit j;
Fi,j – fuel costs for the station j in year i;
Oi,j – the operating costs for the plant j in year i;
Ei,j – supply of electricity from the plant j in year i;
Hi,j – the heat energy from the boiler room j in year i;
Pi,j – the total supply of electricity and heat from the plant j in year i;
cel i,j – the cost of electricity supply to the station j in year i;
ch i,j – the cost of electricity supply to the station j in year i;
i=1,…m+1 – plant producing only electricity;
i=m+1,…M – plants that produce both electric and thermal energy;
Cel i– the average cost of the energy system is released to consumers of electricity in the year i.
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3. BACKGROUND
A forecast of energy prices was undertaken in course of performed calculations as well as forecast of
demand for heat and electricity. Energy resources prices forecast used in this study was based on
analysis of the forecasts made by International Energy Agency (2011), British Petroleum (2012),
World Bank and the international agreements signed by the Republic of Belarus (in particular those
relating to the Eurasian Economic Area and Customs Union), as well as author’s expert assumptions.
Results of this forecast is shown in Fig. 1.
As was mentioned above, Belarus is a country with poor energy resources. Belarus has small oil
reserves with annual production app. 1.6-1.7 million tons and a lot of peat. Peat reserves in Belarus are
more than 200 million tce but peat production in Belarus is limited by environmental reasons with
maximum potential of 3 million tce. Commercial reserves of brown coal in Belarus are 86 million tons
with potential annual production up to 2 million tons. It was supposed in this study that the price for
domestic brown coal will be twice lower than for imported coal.

Fig. 1.Energy resources price forecast
Belarus has fairly flat relief, the possibility of building of hydroelectric power are limited by 250 MW.
Total capacity of wind farms that can be economically constructed in Belarus can reach 2000 MW.
The only natural gas supplier to Belarus is Russia. Belarus consumes app. 21-22 billion cubic meters
of natural gas annually and app. 17-18 billion is consumed for electricity and heat generation. LNG
can be considered as an alternative to natural gas supply from Russia. However, particularly after the
sale of the gas-main pipelines to Gazprom, projects for construction and/or sharing of LNG terminals
with neighboring countries look dubious, since it is unlikely that Gazprom will agree to use its gas
networks by other suppliers to deliver the natural gas to Belarus.
Poland and Russia were considered as potential coal suppliers for Belarus in this study. The
undertaken analysis demonstrated that price of Russian coal could be a little lower than Polish one.
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The total annual consumption of imported coal was limited to 10 million tons because of limitations of
the capacity of the Belarusian railway.
It had been assumed by forecasting of the electricity and heat demands that measures of increasing
energy efficiency, such as the ban on incandescent light bulbs, increasing energy efficiency in the
construction sector etc would be implemented. These assumptions allow to estimate the electricity
consumption in 2020 equal 39 billion kWh. According to these data the growth rate in electricity
consumption in 2010-2020 will be in average of 1.5% per year.
At the period 2021-2030 electricity consumption growth rate will slightly increase and absolute
electricity consumption exceed 47.6 billion kWh. At the period 2031-2040 absolute value of the
electricity consumption will reach 55.7 billion kWh. The growth rate in electricity consumption will
be reduced in the future to an average of 1.3% per year, and electricity consumption in 2050 will
amount to 64.2 billion kWh.
Heat consumption forecast for 2020 gives a value of 77.7 million Gcal, that is slightly below the
forecast, given in the Concept of energy security of Belarus (2007) (81.3 million Gcal low scenario).
In the future, as the share of energy efficient apartment building (with a specific heat consumption up
to 60 kWh/m2) will increase, total heat demand will slow down, reaching in 2030 79.7 million Gcal,
by 2040 – 80.9 million Gcal, and in 2050 – 81.4 million Gcal.
Technologies that are already applied in the country, or that may be developed in the near future were
considered as a possible alternatives for modelling of power system.
Among the possible options for the development of nuclear energy in Belarus in this study three
possible technologies were considered: the Russian VVER-1200 reactor French EPR-1600 reactor
Korean OPR-1000. The Russian VVER-1200 and the French EPR-1600 were selected as the most
popular in the European market. The reactor OPR-1000 is a rebranding version of the reactor (KSNP –
Korean Standard Nuclear Power Plant). This type of reactor is based on the pressurized light water
reactor technology (PWR). Its development was completed in the early 1990s. This type of reactor has
been included because it has less unit capacity, which is especially important for small power systems.
First two types of reactors present new projects with lifetime of 60 years and have an increased level
of protection, however higher capital and operating costs. OPR-1000 reactor is a reactor for the
previous generation relative to the first two with a lifetime of 40 years and has lower capital and
operating costs. It was assumed in the present study that reactor supplier will also supply the fuel for
it. Unsuccessful experience in the supply of nuclear fuel for Ukrainian nuclear power plant by
Westinghouse Company indicates the problematic of fuel supply from other firm than the reactor
supplier.
The present study includes also using of coal-fired plants in Belarus. Investment cost of coal-fired
thermal power station was taken at the level of 3000 dollars per kW in order to ensure sanitary and
environmental requirements. This is important issues because construction of coal-fired thermal power
station will be performed near to big cities in order to use optimally such plants as sources of thermal
energy.
Since the last decade, numerous studies on the improvement of technologies with carbon capture and
storage (CCS) are conducted. Given the fact that the construction of "clean" coal power stations using
coal can solve environmental problem, these technologies are also addressed within this study
(Technology Data For Energy Plants, 2012).
Operating experience of the first 1.5 MW wind power has shown that in Belarus there are areas in
which the capacity factor (load factor) of wind turbines can be up to 0.3. Further studies and
measurements of the distribution of wind speed on suitable sites for the construction of wind farms
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will identify such areas more correctly as well as their potential of power generation. It was assumed
in the present report that the maximum capacity factor for wind turbines will not exceed 0.28.
Experience in the construction of the first quite large hydro power plant in Belarus (Hrodno hydro
power plant of 17 MW capacity) showed that capital costs may reach in Belarus 4500 dollars per kW.
By performing of studies in the present report a medium cost equal to 3700 dollars per kW was
adopted.
Total electric installed capacity of thermal power stations in Belarus is at present equal to 4,900 MW.
However, most of them were constructed in the former Soviet Union, and therefore require either
replacement or modernization. Modernization of CHP with extension of their lifetime for 20 years is
considered in Belarus as a preferred option because limited financial resources of the country.
Table 1 shows parameters of the power plants for electricity and heat generation that are considered in
the present study as possible candidates for replacement of retired capacities and for new projects in
Belarus. Technical and economic parameters have been taken from Technology Data For Energy
Plants (2012), Power Plants: Characteristics and Costs (2008), Projected Costs of Generating
Electricity (2010).
Table 1. Technical parameters of power installations for heat and electricity generation
Technology

Capacity,
MW

Investment costs,
US $/kW

Electrical
efficiency

Heat
efficiency

Life time,
years

NPP (Russia)

1170

3500

0,34

-

60

NPP (South Korea)

954

2500

0,30

-

40

NPP (France)

1630

4000

0,34

-

60

Combined cycle GT

400

1000

0,55

-

30

Coal PP

460

2500

0,42

-

30

Coal PP CCS

460

3500

0,32

-

30

Gas turbine

110

750

0,35

-

25

CHP reconstruction

80

750

0,27

0,58

30

Combined cycle CHP

65

1500

0,45

0,4

25

Wood and peat CHP

2

3500

0,2

0,5

25

Industrial CHP

10

1200

0,4

0,5

20

Coal CHP

100

3000

0,24

0,42

30

Coal CHP CCS

100

4500

0,17

0,38

30

Brown coal CHP

100

3000

0,23

0,41

30

Utility boilers

400

125

-

0,91

40

Industrial boilers

1000

125

-

0,90

40

Small boilers

300

155

-

0,87

35

Wood and peat boilers

600

100

-

0,6

35

Hydro*

5

3700

0,4

-

50

Wind*

5

1800

0,27

-

20

*Capacity factor is shown in case of hydro and wind units but not efficiency
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4. RESULTS
4.1. Scenarios with constraints on types of fuel and energy suppliers
Indicator values characterizing diversification of the Belarusian energy system are shown in Table 2.
As can be seen from it the electricity generation using natural gas in Belarus has increased from 74%
to 92% during the last 10 years. The share of the dominant supplier of energy resources, which are
used for the production of heat and electricity, varies significantly and consistently higher than 85%.
This is the factor that create a threat to the energy security of the country.
In order to have a basis for comparison of evaluated results the scenario without any constraints, called
"Basic", was also considered in the study. To analyze the effect of diversification by type of energy
resources on the structure of power generation capacity, the scenario "With constraints on the types of
fuel" was considered. These constraints were imposed on using of natural gas in the production of heat
and electricity. According to this approach it was assumed that by 2015 the share of natural gas in the
production of heat and electricity does not exceed 70%, and by 2030 – 50%.
The special scenario with a constraints on the import of energy resources was also simulated in order
to consider the impact of fuel supplier (in this case – one of the country) limitations on the capacity
structure: in 2015 the share of imported Russian energy resources should not exceed 70% and in 2030
– 50%.
Table 2. Energy security indices value
Indices

Threshold

(

)

level
Normal

Critical

1. Share of internal energy
resources in fuel and furnace
balance of the state, %

30

15

2. Share of dominant energy
resource (gas) in total
electricity and heat
production, %

65

90

3. Share of dominant energy
resource supplier in total
energy consumption, %

65

4. Greenhouse gases emission
per unit of heat and electricity
production, kg 2-eq./MWh

85

2000

2005

2010

2011

15,7

16,8

20,7

22,2

Precritical

Precritical

Precritical

Precritical

74

81

91,4

92,4

Precritical

Precritical

Critical

Critical

89

86

87

88

Critical

Critical

Critical

Critical

288,9

275,9

266,0

258,1

Figure 2 shows the results of analyzing of the generating capacity structure, heat and electricity
production and energy fuel consumption for the base scenario. It can be seen from figure 2a that
nuclear power plant unit (VVER-1200) is an optimal solution after 2030. In the future, according to
this scenario, a further construction of nuclear power plants of Russian origin with the total capacity
equal 4,680 MW can be foreseen. By the end of the forecasting period, the share of nuclear power will
be more than 40% of the total installed capacity in the power system, and they will provide about 50%
of the total electricity production (Figure 2b).
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In accordance with this scenario, the share of CHP in the structure of heat production by 2030 reached
more than 85%, but further with the development of nuclear energy the share of CHP is reduced to
60%.
It should be that noted the present scenario foresees a fast development of renewable energy: wind
turbines capacity reach its maximum potential of 2000 MW by 2032; CHP on domestic fuels by the
end of the forecast period become more than 780 MW; hydro power plant - 290 MW. In general,
owing to renewable energy sources in this scenario will be produced up to 20% of electricity and 15%
of heat.
It is to notice here that according to the base scenario introducing of new gas technologies is foreseen
mostly as industrial CHP. Their installed capacity could reach in the period 2015-2030 about 1300
MW, but further it will decline to about half of this value.
Results established for this scenario show that reconstruction of the existing power plants is the best
option for Belarus to only 2015. Installed capacity of combined cycle power plants and condensing
power plants for the entire forecast period not exceed 360 MW and 110 MW, respectively.
The share of natural gas in the structure of energy resources consumption in this scenario is reduced to
66% by 2020, and by the end of the forecast period, the share of natural gas will be slightly more than
20%. It should be noted that natural gas supplies from other sources due to the higher cost is not
competitive with Russian supplies. The share of coal in 2030 increased to 40% and further, as nuclear
power plant entering, reduced to 30%. The share of nuclear fuel on the contrary, increased by 2045 to
35%.
Coal-fired power plants take up significant place in capacity mix of the baseline scenario. So, in 2016,
construction of the first coal-fired power plant of 200 MW is supposed, and by 2020 their installed
capacity reaches 1,000 MW. It is notable that after 2020, a coal CHP with CCS could become quite
competitive with technologies for natural gas. By 2029 their installed capacity is 1200 MW. Brown
coal CHP are represented with total installed power of 300 MW. It could be introduced in 2021. Total
installed capacity for coal and brown coal power plants after 2025 could reach about 25% of the total
installed capacity in the power system and more than 25% of electricity and 35% of heat could be
produced by this kind of power plants.
It should be noted additionally that coal-fired condensing power plants are not competitive in this
scenario due a number of factors: utilization factor for coal CHP is higher; there is no way for coalfired condensing PP in the capacity structure because nuclear power plants are the better option for
electricity generation.
It should be noted also that coal condensing plants with technology CCS are not competitive because
of higher costs for their construction and operation. It is also to expect that coal generation will be
based on the Russian coal, which, as described above, is cheaper than the Polish ones.
Thus, the baseline scenario indicates that an optimal plan for the development of the Belarusian energy
system assumes diversification by type of energy resources without imposing any additional
constraints.
The results of calculations for the scenario "With constraints on the types" do not differ significantly
from baseline scenario (Figure 3). This is an additional confirmation of the conclusion drawn by the
analysis of the baseline scenario results.
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Fig. 2 – The results of calculations performed for the base scenario: a – energy capacity mix; b –
electricity production; c – heat production; d – fuel mix

Fig. 3 – The results of calculations performed for the “Constraints on types” scenario: a – energy
capacity mix; b – electricity production; c – heat production; d – fuel mix
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In case of introducing constraints on fuel supply from one country (in this case, Russia) the optimal
solution is to replace Russian coal by Polish ones (Figure 4). The optimal structure of nuclear capacity
in this case will be quite different from the baseline scenario. In addition to the two units of the
Russian nuclear power plant (in 2032 and 2037, respectively) a unit of French nuclear power plant
(1,600 MW) could be constructed up to 2044. This is due to the need of satisfying the constraints on
supplying the fuel from the same country in this scenario.
It should be noted some higher rates of reconstruction of the existing CHP (720 MW) and installing
combined-cycle thermal power plants (up to 585 MW).
Analysis of fuel mix structure shows only minor changes. For example, share of nuclear fuel in 2045
is 30%, and the share of coal is reduced from the maximum value of 40% in 2030 to 30% in 2050. It
should be noted that share of gas is slightly higher and is equal to 25%. In addition, Russia is still
supplier of natural gas in this scenario.

Fig. 4 – The results of calculations performed for the “Constraints on suppliers” scenario: a – energy
capacity mix; b – electricity production; c – heat production; d – fuel mix
As mentioned above, the constraints on using one type of fuel (natural gas) does not practically bring
changes in the base scenario. Therefore, the scenario "With two constraints" (Fig. 5) does not differ
from the scenario "With constraints on the supplier" since the constraint on energy resources supplier
has a more significant effect. Thus, hereinafter, to show the impact of constraints on the types and
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suppliers of energy resources to the prospective structure of fuel consumption, will only be considered
a baseline scenario and a scenario with two constraints.

Fig. 5 – The results of calculations performed for the “Constraints on types and suppliers” scenario: a
– energy capacity mix; b – electricity production; c – heat production; d – fuel mix
4.2. Scenarios with “carbon tax”
Implementation "carbon tax" in 2016 can affect the optimal plan of power system development.
Figures 6 and 7 show results for scenarios with a carbon tax of $ 25 per ton of CO2-equivalent.
According to results of scenario "Without constraints, tax $ 25" Russian nuclear PP are placed in
operation much earlier – the first unit is introduced as early as in 2018. The second and third units of
nuclear power plant are putted into operation in 2034 and 2039, respectively. By the end of the
forecast period nuclear power plants will produce more than 35% of electricity.
This scenario assumes a more active development of own generating sources by industrial enterprises
(block-stations) on natural gas (up to 1,300 MW by 2016), although by the end of the forecast period,
the total installed power generating plants is reduced to 1,000 MW. After 2040 the optimal plan
provide for the construction of combined-cycle units at CHP. Their total installed capacity by 2050
will be more than 1,000 MW. The share of natural gas consumption in this scenario is reduced to 25%
by 2040, but then increased slightly by 3.4%.
It should be noted that the "carbon tax" of $ 25 per ton of CO2-equivalent virtually does not effect
construction of coal-fired stations. For example, there is about 2500 MW of coal CHP in this scenario,
including a 1,200 MW coal CHP with CCS. According to the optimal solution coal consumption in
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absolute terms reaching its maximum potential (about 10 million tons of coal equivalent) in 2030, and
continues in the future to remain at this level.

Fig. 6 – The results of calculations performed for the “No constraints with carbon tax 25” scenario: a –
energy capacity mix; b – electricity production; c – heat production; d – fuel mix
Attention should be paid to the next point that is expressed most clearly in this scenario – the growth
of heat boiler starts from the date of nuclear power growth. This suggests that co-generation of heat
and electricity in CHP plants has to be limited in case of power system having nuclear power plant. In
addition, in case of increasing of nuclear capacity it become more profitable to separate production of
electricity in nuclear power plants and heat boilers.
There is a similar picture for "Two constraints with tax 25" scenario, except the fact that Russian coal
replaced by Polish ones because of the limitations on the fuel types and suppliers. It has practically no
effect on the amount of coal-fired capacity. It is worth noting that coal CHP with CCS technologies
has become competitive since 2020.
Furthermore, it should be noted that there are some changes in nuclear capacity structure. To meet the
condition of constraints on energy suppliers in this scenario it will be more optimal to build the third
nuclear power plant unit using Korean technology, and not French technology, as in the "Two
constraints without tax" scenario. This fact is explained by that OPR-1000 unit power is 1.6 times less
than EPR-1600 power unit, and in the resulting structure of the capacity mix is space only for lower
power unit.
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Fig. 7 – The results of calculations performed for the “Constraints on types and suppliers with carbon
tax 25” scenario: a – energy capacity mix; b – electricity production; c – heat production; d – fuel mix

Fig. 8 – The results of calculations performed for the “No constraints with carbon tax 50” scenario: a –
energy capacity mix; b – electricity production; c – heat production; d – fuel mix
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After increasing the "carbon tax" to $ 50 per ton of CO2-equivalent the best solution for the scenario
without constraints is to replace gas and coal-fired power plants with nuclear power plants, as well as
with renewable energy technologies (Figures 8 and 9). The share of natural gas technologies in this
scenario is gradually decreasing, and by 2050, their total capacity does not exceed 1,000 MW, while
the share of natural gas consumption for the heat and electricity production is a little over 20%.
When the value of "carbon tax" is $ 50 per ton of CO2-eq. in the scenarios "Without constraints with
tax 50" and "Two constraints with tax 50" coal CHP with CCS technology are advantageously to
develop. Their installed capacity by 2026 in the scenarios is nearly 2,000 MW. Therefore, the share of
coal in these scenarios is also on its potential maximum possible level.
The first unit of the Russian nuclear power plants in this scenario is more appropriate to introduce in
2018. After 2030, in "Without restrictions with tax 50" scenario three more blocks of Russian nuclear
power plants is entered into operation. And there is two blocks of Russian nuclear PP and one block of
Korean in "Two constraints with tax 50" scenario.

Fig. 9 – The results of calculations performed for the “Constraints on types and suppliers with carbon
tax 50” scenario: a – energy capacity mix; b – electricity production; c – heat production; d – fuel mix
4.3. Cost for electricity and heat production calculations
The results of calculations of the cost for heat and electricity production show that the cost of
electricity at the chosen initial assumptions in these scenarios by the end of the forecast period grows
about 2.1 times (Figures 10 and 11). As noted earlier, the constraints on fuel types does not introduce
any significant changes in considered scenarios. Introduction of a "carbon tax" is only slightly increase
the cost of electricity. According to calculations, the cost of electricity production in the scenarios with
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a "carbon tax" of 25 and $ 50 per ton of CO2-equivalent by the end of the forecast period increases by
about 3% and 6%, respectively, in comparison with the scenario without "carbon tax".

Fig. 10 – Average production cost for electricity: a – “No constraints” scenarios; b – “Constraints on
types” scenarios; c – “Constraints on suppliers” scenarios; d – “Constraints on types and suppliers”
scenarios
Average production cost for heat with "carbon tax" to 25 and $ 50 per ton of CO2-equivalent is
increased by 7% and 11%, respectively (Figure 11). The introduction of constraints on suppliers is not
significantly increases production cost for heat (no more than 3%). Thus, we can conclude that the
diversification of energy resources suppliers leads to increased cost of electricity by 6% and heat by
11%, but at the same time strengthen energy security.
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Fig. 11 – Average production cost for heat: a – “No constraints” scenarios; b – “Constraints on types”
scenarios; c – “Constraints on suppliers” scenarios; d – “Constraints on types and suppliers” scenarios
4.4. Emission factor calculation
The "carbon tax" is one of the tools for controlling and reducing of greenhouse gases emissions. To
evaluate the influence of the "carbon tax" on carbon emissions in the presented scenarios CO 2
emission factor per unit of heat and electricity was estimated. The dynamics of this factor is shown in
Figure 12.
As can be seen from last figure, the lows of emission factor coincide with periods of increasing
renewable and nuclear capacity. Currently, this coefficient is equal to 0.26 tons CO2-eq./MWh. For the
baseline scenario is characterized an increase of the emission factor to 0.28 tons CO2-eq./MWh by
2021. However, by using the coal CHP with CCS and increasing of nuclear capacity this coefficient
tends to decrease. Thus, by the end of the forecast period, this parameter could be set equal to 0.18
tons CO2-eq./MWh.
Introduction a "carbon tax" at $ 25 per ton CO2-eq. to the scenario generally leads to a reduction of the
emission factor, but by 2050, it is set at around 0.2 tons CO2-eq./MWh. This is slightly higher than the
baseline values. This is because in case of the base scenario there is more intensive development of
nuclear energy than in "Without constraints with tax 25" scenario.
There is a significant reduction in CO2 emissions in scenario "Without constraints with tax 50" due to
the fact that the construction of coal CHP in this case is not the best solution until 2040. The
coefficient of carbon dioxide emissions is reduced by this period by a value of 0.13 tons CO 2eq./MWh, but then increased sharply to 0.17 tons CO2-eq./MWh due to increased capacity of coal
CHP.
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The dynamic of the CO2 emissions coefficient in case of scenarios with constraints on energy
resources suppliers follows the dynamics of the emission factor for the baseline scenario (Figure 12b).
Thus, the terms of diversification of energy resources by type and suppliers has almost no effect on the
carbon dioxide emissions from heat and electricity production. More essential impact on CO 2
emissions coefficient value is made by a “carbon tax”.

Fig. 12 – CO2 emission coefficient, tones of CO2/MWh: a – “No constraints” scenarios; b –
“Constraints on suppliers and types” scenarios
5. CONCLUSION
Analysis of the results leads to the following conclusions:
1)

coal condensing power plant are not competitive in frame of Belarusian power system;

2)
technology with carbon capture and storage could be competitive after 2020 even without the
"carbon tax;
3)
in the absence of additional factors that influence the growth of carbon fuels cost, nuclear
power plants is competitive only after 2030;
4)
optimal plan for the Belarusian energy system development includes diversification by type of
energy resources without the introduction of additional constraints;
5)
separate production of electricity by nuclear power plants and thermal energy with heat boilers
is more profitable in case of nuclear energy development;
6)
introducing of "carbon tax" equal to $ 25 per ton of CO2-equivalent and more makes the
construction of Russian nuclear power plants advantageous since 2018;
7)
diversification of energy resources by suppliers leads to an increase of production cost for
electricity by 6% and heat by 11%, but at the same time it strengthens energy security of the country;
8)
in case of "carbon tax" of $ 50 per ton CO2-eq. optimal development plan for the Belarusian
energy system foresees reducing of CO2 emissions by 2050 more than 1.4 times;
9)
requirements of energy resources types and suppliers diversification virtually do not effect
specific carbon dioxide emissions by heat and electricity generation, the most essential impact on
specific carbon dioxide emissions maxes the however value of carbon tax.
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WAYS TO INCREASE AND MONITOR BEARING CAPACITY OF SOILS
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Abstract
This paper suggests a method based on thermodynamic approach to apply saponite-containing
material as an additive to improve bearing capacity of soils. An optimal content of a quartz sand and
saponite based-composite was determined. Tests were carried out to determine internal friction angle
and specific cohesion. The tests showed that given strength properties were considerably improved.
Key words: saponite (pionite)-containing material, Gibbs energy, critical surface tension, the
Hamaker constant, angle of internal friction, specific cohesion.
1. INTRODUCTION
The main aim of the research presented in the paper is to create new composition materials from the
available raw materials by using environmentally friendly wastes. Using principles of thermodynamics
it is possible to study processes of composition materials formation, their properties and monitoring of
these properties. As nanotechnologies are developing, thermodynamics methodsfind bigger spheres of
application in construction materials studies when construction materials are produced.
At the same time, when nanostructures are studied the main components, which determine the
properties of nanoitems, are the square of the surface and surface energy that is why great attention is
given to studies of physicochemistry of surface.
To effectively control the processes of structure formation on the surface of solid phase it is necessary
to work out criteria which make it possible to characterize energy condition of material surface. The
critical value of surface tension in condensed solid phase ( cr) was chosen as such a criterion. Surface
tension of solid body in fine dispersion is the value of system’s internal energy to a surface unit of
material.
As it has been said in [V.S. Lesovik, 2012], the greater Gibbs free energy is, the faster interaction will
take place and stable rocks will form with less energy of geological processes. To destroy such a raw
material and obtain a construction material from it, an input from energy source is necessary.
As Gibbs energy change is a function of system condition, its total differential is equal to the
following formula:
dG

dS y

Syd

(1)

The equation (1) can be expressed in cumulative form:

G
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(2)
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If we put the expression (1) to a specific surface unit by dividing the left and the right part of the
equation by S , we will get the following expression in differential form for free enthalpy of the
system:

dG s

d

dS y

(3)

Sy

where GS is free enthalpy of dispersion system surface unit.
In cumulative form the expression (3) has the following expression for two conditions of the system (I
– initial, II – final, which characterizes different value of Sy):

Gs

G

//

G

/

//

ln

S y//
S y/

(4)

Therefore, to determine energy condition of crushed material surface into fine dispersion, it is
necessary to experimentally determine changes which happen with specific surface values and surface
tension. From our point of view, these measurements are the criteria which characterize the capability
of condensed system to make transformations which take place either spontaneously or in different
technological processes of construction nanocomposite materials production.
2. EXPERIMENTAL PART
The following objects were chosen for the research: sandy soil pre-cleaned from clay intrusions and
saponite (piotine)-containing wastes from a tailing dump of “Arkhangelskaya” pipe at diamond
deposit named after M.V. Lomonosov (Arkhangelsk region). Samples were dried and made to constant
weight at 105 0 . Their content was described by the X-ray fluorescence spectroscopy method at the
“Arctica” sharing center with Shimadzu EDX-800 HS spectrometer (Table 1).
Table 1. The content of researched samples on oxide-basis, %
The defined component

38

Sample
Sand

Saponite

SiO2

58,111

51,746

MgO

8,473

19,405

Al2O3

9,291

9,971

Fe2O3

5,053

10,406

CaO

14,663

4,199

TiO2

0,783

1,017

K2O

2,402

1,693

SO3

0,146

0,318

P2O5

0,618

0,660

Cr2O3

-*

0,112

ZrO2

0,040

-*
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ZnO

0,024

0,031

BaO

-*

0,197

MnO

0,319

0,156

SrO

0,022

0,044

CuO

-

*

0,045

NiO

0,055

-*

* - the component is not found

Major methods chosen to obtain the substance in nano-dispersed condition were the methods of dry
and wet dispersion of mineral raw materials. The process of dispersion was carried out on a colloid
mill IKA magic LAB and on a planetary ball mill Retsch PM100.
Tests were made to study properties of disperse system containing milled quartz sand (average particle
size was 102±30 nm) and milled saponite -containing material (average particle size was 361±96 nm).
To make tests, samples of quartz sand, saponite-containing material and mixture of these components
(with saponite (piotine) percentage of 0; 2; 3; 4; 6; 8; 10; 12; 14; 16; 18 and 20 % ) were made. The
samples were prepared by compacting disperse material into a metal mold 10 mm in diameter with a
load of 1.5 kPa.
Free surface energy of solid materials cannot be measured directly. It is calculated on the basis of
limiting wetting angle with different liquids (the Zisman method) [V.I. Roldungin, 2008]. To
implement the Zisman method, ethanol solutions with different content of water fraction were used.
Water fraction concentration did not exceed 50%. Surface tension of ethanol water solution and
surface wetting angle of disperse systems were measured at 20±10 on the installation KRUSS Easy
Drop.
Pseudoequillibrium state for a drop of ethanol water solution was registered on the sample surface in
1,0±0,5 sec of contact. Let’s assume that processes related to surface irregularity (liquid diffusion into
a volumetric phase, capillary phenomena, etc.) can be neglected for a given period. The examples of
test logs obtained on the installation KRUSS Easy Drop are given in Fig.1.
Specific surface was determined with Autosorb iQ. Operating principle of this device is based on
measuring the quantity of gas absorbed by a sample or desorbed from a solid surface with vapourpressure equilibrium by static volumetric method.
Table 2 shows values of critical surface tension, specific surface for a sand sample and for a mixture
of sand and a saponite-containing material.
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a

b
Fig.1 A drop of ethanol water mixture on the surface of: a) sand (average particle size 102 nm); b)
saponite (piotine) (average particle size 361 nm)
Table 2 – Values of critical surface tension and specific surface
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.
3
cr 10 ,

N/m

S , m2/kg

Ser. No.

Mass fraction of saponite

1

0

23,7

8580

2

0,02

21,7

11739

3

0,03

21,5

1624

4

0,04

21,4

780

5

0,06

21,3

7148

6

0,08

17,5

20459

7

0,1

22,3

16126

8

0,12

22,2

18456
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Fig. 2 shows functional dependence of free enthalpy on content of saponite-containing material in the
system.
Thermodynamic compatibility of components is expressed in negative values of free enthalpy. This
can prove that there is a thermodynamic compatibility domain for the tested components, which has a
considerable amount of particle free surface energy. Therefore, this system must show a capability to
spontaneously take part in the processes related to free surface energy compensation and which lead to
a possible increase of interparticle force.
Tests carried out made it possible to determine an optimal content of saponite in the system. The
content of saponite for the samples made up 4÷6% of sand mass. Disperse systems with such content
are characterized by possessing a constantly compensated store of free surface energy (minimal values
cr) and the strongest interparticle interaction (maximum values *).

3

G,J·kg·m-2

2
1
0
0

0.02

0.04

0.06

0.08

0.1

0.12

-1
-2

Part of saponite-containing material

-3
-4
-5
-6

Fig. 2 Free enthalpy for binary system “sand-saponite-containing material”
To experimentally verify the conclusions made about the content of composite sand-saponite mixture,
the following tests were made. To make a composite mixture, original components were mixed with
saponite percentage equal to 4%, 12%, 16% and 20% and total mass of mixture made up 50grs.
Further on, the analyzed mixture was placed into distilled water 150 ml of volume and then the
suspension was put into the colloid mill IKA magic LAB for 20 min at 16000 revolutions per min.
After having been mixed, the suspension made was spread on an object plate and left until moisture
dehydrated in open air at 20±5 0 during 24 hours.
Fig. 3 shows the photos of formations made.
Therefore, the tests made proved the determined optimal content of binary fine dispersion system
“sand-saponite”. Average particle size in the system made up 102nm for sand, 361nm for a saponite-
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containing material. Mixture components ratio (in mass) was 0,96:0,04 for sand and a saponitecontaining material respectively.
The modifier obtained (nanosand: saponite 0,96:0,04) was tested to see how it influences strength
properties of sand soil with modifier additive.
Strength properties of soil were determined with “Shear Trac-II” (a device to make a direct 2-D shear).
«Shear Trac-II» system produced by American Geocomp Corporation was designed to determine
angle of internal friction and specific cohesion .

b

c

d

Fig. 3 Photos of casts with different content (with different saponite mass) of “sand-saponite” system:
– 4%; b – 12%; c – 16% and d – 20%.
Using procedures for soils, strength values were determined (ultimate shearing resistance, specific
cohesion and internal friction angle). Furthermore angle of natural slope was determined. Fig. 4
shows the characteristic curves and values of and calculated for the original soil sample and for the
sample with modifier additive.
The way to determine strength values of tested soils is based on Coulomb dependence:
lim

where lim is ultimate shearing resistance;
coefficient; is specific cohesion.
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=f +c, (5)

is standard compression; f=tg is soil internal friction
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0
0
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100

200
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Pressure, kPa

Fig. 4 Ultimate shear resistance of sand sample with 0,1-0,25 mm fraction:
– without modifier additive; b – with 5% of modifier additive
Tests made showed that 5% of modifier added to sand soil increases specific cohesion of soil particles
by 158%.
Tests made to determine the value of natural slope angle showed that this character changes from 300
(for original sample) to 350 (for modified sample) in open air.
It was showed earlier that the complex Hamaker constant ( *),determined by the given method
evaluates inteparticle force of disperse systems. It can be assumed that this thermodynamic character
is possible to apply to evaluate soil strength values (for example specific cohesion, c).
The authors [B.V.Deryagin, 1958] suggest a method to calculate particle interaction
energy. In our case this method is reduced to the usage of the following equation [B.D.
Deryagin, 1984]:
cos = 1 +

(6)

where hmin is the minimal film thickness which corresponds to Van der Waals distance (0.24 nm);
is
liquid surface tension; A* is the complex Hamaker constant, which describes interaction of liquid with
a solid body at the air boundary and accounts for physical particle interaction of solid surface.
Therefore * constant can serve as a criterion to evaluate the approximation of matter in crushed
condition to the condition of solid body surface.
At the same time it should be noticed that the complex Hamaker constant is an additive value which
consists of 11 (the constant which is related to particle interaction of disperse phase and dispersion
medium), 00 and values related to surface roughness of disperse material, adsorption interactions of
water-alcohol mixture with a surface, so it can be suggested that * accounts for the above mentioned
effects in complex.

43

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
To calculate complex A* constant functional dependences cos -1=f(1/ liq) were plotted for the tested
samples. Angular coefficient value for the given dependences (a) is related to the complex Hamaker
constant with the following expression:
=

(7)

To get a correlation dependence of a calculation value for the complex Hamaker constant, which is
determined by surface energy values, on strength properties (specific cohesion) of sand soil modified
by fine dispersion additive the following number of tests were made.
Composite systems were made from natural sand soil with fine dispersion additive. The percentage
(mass) of this additive in soil was varied during the tests. After having been prepared the tested
mixture with definite fix properties of content was divided into two parts to make parallel
measurements of energy properties (A*) on EasyDrop installation and strength properties with «Shear
Trac-II», a device to make a direct 2-D shear.
Based on functional dependences *=f(c) (fig. 6) and *=f( ) (fig. 7) plotted according to the
obtained test data it should be noticed that there is a satisfying linear correlation between A*
properties and sand soil specific cohesion. At the same time, test data showed that there is no
correlation dependence of the complex Hamaker constant on angle of internal friction of sand soil
particles.

J/g

kPa

Fig. 6 Functional dependence *=f(c)
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J/g

Fig.7 Functional dependence *=f( )

3.

CONCLUSIONS

1.
Based on thermodynamic approach a possibility to increase soil strength properties was
shown.
2.
An optimal content of additive was determined that is 4% of saponite-containing material and
96% of nanodisperse sand.
3.

A method for express determining of soil particles specific cohesion was suggested.
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Abstract
Drought is a climatic phenomenon developing slowly, but its effects due to the long duration of its
occurrence in different sectors such as agriculture, environment, economy, society, tourism, water
resources and etc. appears to be gradual. Three characteristics of drought are intensity, duration and
extent. To utilize any management plan, identifying the characteristics required by the indices is
important. Decision to develop the region should be proportional to the potential extent of available
resources and knowledge. Drought is a phenomenon that its nature, time of occurrence and the
severity varies from region to region. Drought and climate change also depends on the amount of
water consumptions and type of expenditure. In this study, the drought in Ardabil (Northwestern Iran)
in a 30-year period was studied. According to recent studies snowy ridge parameters effects on
aquifers recharges. Snow parameters can be used for drought prediction in Ardabil, but this
parameter is also dependant to temperature variability. According to drought dependency to different
parameters, time of occurrence, drought duration, intensity and frequency in study area are not fixed.
Different political boundaries and drainage basins lead up to uncoordinated management and use of
resources in adjacent provinces. Above all, in each of the areas of study with respect to the supply
base flow into or out of the province is different. Drought monitoring was developed after calibration
and verification of the model.
Key words: Drought, Watersheds, Snow parameters, Northwestern Iran.
INTRODUCTION
Drought monitoring is one of the key factors in managing drought, especially in the vulnerable
drought prone areas. Drought monitoring system is to utilize the climatic and hydrologic parameters
and their variations in which probability, severity and extent of coverage probability can be estimated.
According to researches, causing serious consequences of climate change on water resources is the
biggest worry in increased events and extreme floods, droughts, hurricanes, etc. As the weather
variable can be predicted that the smallest changes have the potential to establish normal weather
unpleasant consequences for the community. The best option is to consider determining future levels
of climate change combined with the risk management. One way to deal with climate change and its
uncertainties monitoring systems and early warning for extreme conditions is to monitor the drought
trends.
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For drought monitoring, depending on the region, there are many characteristics of this phenomenon
that should be continuously monitored and recorded such as beginning and end time, spatial extent and
severity of the current drought. This is one of the earliest ways of detecting the onset and end of
drought, usually by monitoring these characteristics which are called drought parameters.
After the occurrence of drought in America in 1986 to 1992, a report was provided by FEMA (Federal
Emergency Management Agency) on drought management in this period, in which some
recommendations were given; the first one was to provide a drought monitoring system. OTM (Office
of Technology Assessment) also conducted a particular research according to the request of Congress
of America to study how the United States should react in response to climatic changes. In this study,
drought was broadly considered and again an emphasis was made on the necessity of creating a
drought monitoring system and its important role in active drought management. This system is
currently established and can be accessed through National Drought Mitigation Center .
Trenka et al. (2006) studied a new index (CDI) in Czech Republic by combining three main methods
of SPI, PDSI and ZIND in drought studies. The results showed that approximately 3% of breadth of
the country was in high risk area, 12.3% was confronted with 50 to 60% risk probability and drought
prone areas were considerably placed in main areas of agricultural production in the north-west and
south-east parts .
Bourdy et al. (2009) analyzed linear and nonlinear trends of drought and wet years based on
standardized precipitation index (SPI), determined according to the monthly precipitation in Europe.
According to the results, surface coverage of drought and wet year time series presented a linear trend
up to the end of current century, which was reversed during 1997 to 2009; this point indicated a
nonlinear trend that was more obvious in hydrological time scales .
Cerdas and Sen (2009) proved a direct relationship between duration and magnitude of drought using
time-spatial analysis of drought in Trakya, Turkey, by RUN and Z-SCORE statistical methods and
Kriging interpolation method .
Yildiz (2009) evaluated and estimated time and location characteristics of droughts in Turkey for
regional analysis of drought in order to first calculate frequency curve-surface range-drought for
different return periods and then determine surface range of severity. After that, the return periods of
old droughts were investigated and evaluated in the region and assessment of drought severity was
presented .
Barlow et al. (2002) studied drought in middle and south-east of Asia and showed that, during cold
season of the north, there was a reverse relationship between precipitation anomalies in Indian Ocean,
middle and south-west Asia. Precipitation stop in middle and south-west Asia was compatible with the
reaction between local storms and energy wave created by increased tropical precipitation in eastern
Indian Ocean.
Yahiaui et al. (2009) analyzed frequency of hydrological drought regime in west of Algeria and
showed that frequency and severity of hydrological drought could be considered a random
phenomenon and its results could indicate that magnitude of drought events of river flows is
compatible with probability functions like Vibol, Parto and normal Log .
After recent droughts in Iran, using indices and zoning drought have been considered more than
before. Abarghoei et al. (2001) drew severity and zoning maps of drought for Yazd province .
Ghatreh Samani (2002) studied drought trend in Chaharmahal and Bakhtiari province and drew
drought distribution map of this province in 1999-2000 according to the first, second and third deciles.
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Lashizadeh and Kharamian (2002) determined zoning of climatic drought in Lorestan province based
on the severity of drought and drew it by SURFER software; then, they studied the area of drought
ranges in the province during this period .
MATERIALS AND METHODS
There are several methods for drought monitoring; these methods are classified into three major
categories:
1.
Water balance study methods, rainfall data analysis, river flow and groundwater
analysis.
2.

Synoptic analysis, using Geomorphological and historical data. [12]

3.
Analysis of rainfall data for drought analysis method is among the most common
methods:
- Convenience of access to different types of rainfall data of other data points.
-Unstable rainfall amounts than other climatic parameters, especially in arid regions.
-The direct influence of soil moisture, streamflow, groundwater aquifer and ... of rainfall, so
the first factor that can be considered in studying the case of drought.
Meteorological indices for drought monitoring are some of the indicators used to monitor the
occurrence of rainfall data area are used. Considerable uncertainty in the rainfall and uneven temporal
distribution of rainfall in the next several months, there has been no rainfall caused.
None of the statistical distributions of rainfall time series in Ardabil province is good fit in time scales
greater than 3 months, but the data have an acceptable fit of the gamma distribution function family.
Regarding to limitations, rainfall monitoring indicators such as PNPI, DPI and SPI indices in order to
evaluate the efficiency of precipitation monitoring drought in the region were selected. Some studies
have been made on global experiences, by means of statistical analysis of meteorological, hydrological
and agricultural drought monitoring indicators established.
Drought Index
Percent of normal Precipitation Index (PNPI)
Percent of normal rainfall is one of the simplest indicators. Updated analysis of normal rainfall for
drought or wet seasons or in a certain location is very effective. The index for the different time scales
of a few months or even years is calculated. The normal rainfall and actual rainfall index divided by
100 multiplied by the number obtained:

PNPI
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Pi

monthly precipitation

P Mean Monthly Precipitation in a specified period of time
Using the index on the median line requires that the average rainfall is normal annual rainfall
distribution. Studies show that monthly and seasonal rainfall usually does not follow a normal
distribution, and this is one of the disadvantages of this method. Comprehensiveness and high
flexibility has led many researchers to use PN. Drought severity classification based on the percentage
of normal (Table 1) is demonstrated.
Table 1 - Percentage of normal rainfall index classes.
Class Index %

Drought Stutus

<80

Normal

70 to 80

Poor Drought

55 to 70

Moderate Drought

40 to 55

Severe Drought

>40

Very Severe Drought

Deciles of Precipitation Index (DPI)
Another common technique for monitor drought is to arrange monthly rainfall data in deciles. To
avoid some of the weaknesses of the first deciles of percent of normal precipitation method was used.
Calculating deciles on the basis of general principles demonstrated in Table 2.
DPI was selected for drought monitoring system due to the simplicity of computation and also requires
less data and fewer assumptions about parameters such as Palmer. Despite these benefits, the need for
long-term data is one of the defects. It is necessary that the data are normally distributed to use this
method.
Table 2 - Different levels of deciles
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Deciles of
Precipitation

status

Occurrence Percent

1

Very severe drought

less than10

2

Severe drought

10-20

3

Drought

20-30

4

Moderate drought

30-40

5

Almost normal

40-50

6

Normal

50-60

7

Moderate wet

60-70

8

Wet

70-80

9

Very wet

80-90

10

Too very wet

more than 90
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Standard Precipitation Index (SPI)
SPI was developed by McKee et al. (1993) to assess meteorological drought severity and precipitation
deficit. Positive (negative) SPI values indicate greater (less) than median precipitation. As a measure
of departure from the median, the SPI is a probability indication of the severity of the wetness or
aridity. McKee et al. (1993) selected the Gamma distribution (Equation 2) for fitting monthly
precipitation data:
x

1
( )

g ( x)

x

1

(2)

e

Where:
: shape parameter
: scale parameter

x : precipitation
( )

y

1

e y dy : the gamma function

0

In calculating SPI, the Gamma distribution is then transformed to a Gaussian distribution. The
standardized anomaly is then computed with results having an average of zero and a standard
deviation of one. All of the above steps make the SPI independent of both the location and the range of
values so that different seasons and climate areas are represented on an equal basis (Guttman, 1998;
Keyantash and Dracup, 2002). For this purpose, McKee et al. (1993) divided SPI values to seven
linguistic drought classes as shown in Table 3.
The SPI was designed to quantify the precipitation deficit for multiple time scales. These time scales
reflect the impact of meteorological drought on the availability of water resources. The soil moisture
conditions respond to the precipitation anomalies on a relatively short time scale. Groundwater,
streamflow, and reservoir storage reflect the longer-term precipitation anomalies. Therefore, McKee et
al. (1993) calculated the SPI for 3, 6, 12, 24, 48, and 72 month time scales. In this study, 3, 6, and 9
month time scales have been considered for calculating SPI.
Table 3. Linguistic drought condition.
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Linguistic drought condition

SPI

Very wet

more than +2

Wet

1.5 to 1.99

Normal Wet

1 to 1.49

Normal

0.99 to -0.99

Normal Dry

-1 to -1.49

Dry

-1.5 to -1.99

Very Dry

less than -2
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Study Area
Ardabil province is located in northwestern Iran. Ardabil province uses 93 percent of total water
consumptions in the agricultural sector, this shows severe damages caused by drought phenomenon in
Ardabil. Drought monitoring with the aim of developing a warning system to reduce losses caused by
drought, with emphasis on the agricultural sector should be carried out in Ardabil. On the other hand,
given that a significant percentage of water consumption in Ardabil province, especially in the
agricultural sector comes from surface water sources, since the drought converted to hydrological
drought, would be sensible. Therefore, drought monitoring in the province include hydrological
drought onset, intensity and geographic extent of the impact of drought. The overall aim of this paper
is to determine the severity, frequency and extent of hydrological drought in Ardabil province.
RESULTS
Rainfall data in the studied period was used in this research and data homogeneity test were obtained
from the data matrix. Since SPI index is only based on precipitation data, multidimensional and have
meteorology and agricultural drought monitoring possibility. SPI was selected due to standard
derivation and severe and widespread drought classification, lack of dependence on soil water use and
flexible for all the months of the year compared to the different time scales. Table 4 to 6 shows three
and six months SPI in Ardabil province meteorological stations.
Table 4. Frequency and return period of drought at the station Aslanduz
SPI3

SPI6

status

Percent Normal

19

Very wet

more than +2

45

10

Wet

1.5 to 1.99

38

16

29

Normal Wet

1 to 1.49

1

316

1

325

Normal

0.99 to -0.99

10

46

12

39

Normal Dry

-1 to -1.49

27

17

20

22

Dry

-1.5 to -1.99

45

10

75

6

Very Dry

less than -2

Return Period

N

Return Period

N

30

15

24

41

11

12

Table 5. Frequency and return period of drought at the station Gilandeh.
SPI3

51

SPI6

status

Percent Normal

6

Very wet

more than +2

32

14

Wet

1.5 to 1.99

46

8

54

Normal Wet

1 to 1.49

1

320

2

293

Normal

0.99 to -0.99

18

25

10

47

Normal Dry

-1 to -1.49

18

25

19

24

Dry

-1.5 to -1.99

45

10

38

12

Very Dry

less than -2

Return Period

N

Return Period

N

57

8

75

24

19

10
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Table 6. Frequency and return period of drought at the station Doostbigloo.
SPI3

SPI6

status

Percent Normal

6

Very wet

more than +2

26

17

Wet

1.5 to 1.99

31

11

40

Normal Wet

1 to 1.49

1

328

1

316

Normal

0.99 to -0.99

13

35

15

31

Normal Dry

-1 to -1.49

23

20

19

24

Dry

-1.5 to -1.99

32

14

28

16

Very Dry

less than -2

Return Period

N

Return Period

N

45

10

75

30

15

15

With 3 and 6 months SPI drought conditions is well illustrates in the Ardabil province, because the
selected index values have dropped below normal rational manner in dry years.
The high volatility index values for 6-month SPI in snow covered areas and away from these areas
with 3-month SPI match with hydrologic fluctuations.
Three months cumulative rainfall effected on discharge of rivers and hydrological drought in the
northern region of study area.
The SPI reliability increased by performing monthly continuous SPI analyzes values for the three to
six months and led up to kind of drought forecast (3 to 6 months before the drought).
DISCUSSION
This research was conducted in order to find a way for drought monitoring and drought warning in
Ardabil province located in northern western Iran. Ardabil drought depends on surface water
resources, therefore Ardabil drought considered as hydrological. Hydrological drought monitoring
using indicators in this province is not possible at the current time due to reducing hydrological data.
Therefore due to lack of monitoring hydrological drought indices used in Ardabil province, the
meteorological drought monitoring indicators are recommended. Due to the composition of
precipitation (snow and rain in the rainy season during the year), special considerations have been
taken into account in the analysis of drought in Ardabil province.
It is recommended among the meteorological drought indices to use SPI index, because of the
cumulative nature of the calculation. Time scales of SPI index for northern provincial 3 months use in
all seasons and in the central and southern regions of the scale for the first half of the year is
recommended.
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Abstract
The aim of this study is integrated water resources management under various scenarios in a basin
with uncertain river flow parameters. Target function is to minimize limits on storage capacity of
dams and channels and to maximize income from water resources as well. River flow and water needs
are non deterministic parameters which are used for integrated water resources management by
WEAP (Water Evaluation and Planning). This simulation was assumed for northwestern of Iran
(ARAS basin). Aras river is originated from Turkey and after 1000 km length flow to Khazar sea. Two
dams named Aras and Khodaafarin was built on Aras river producing energy and reserving water for
the area. In this study the water situation of the area under present condition and future was evaluated
by WEAP. For this purpose simulation based on optimization method that is useful on planning water
resources were used. In this simulation for optimizing the objective function of maximum area under
cultivation and the uncertain input parameters under different scenarios, simulations were performed.
Key words: Management, Uncertain Parameters ,Water resources, WEAP.
INTRODUCTION
The world will face a severe shortage of irrigation water quality according to population growth and
increasing competition among water users. Consequently, many countries around the world from one
to the growing demand for clean and fresh water. Water resources are faced with the problem of the
water shortage. Space and time distribution of water is not suitable for irrigation, water shortage is not
unique to any particular group of countries, it is water irrigation problem in the near future in the
world that should be observed. The water demands already exist for the use of water resources
everywhere, the land owner must consider all the measures required to supply irrigation water. Poor
management of water resources is often not apparent to farmers. Adverse effects may occur at
different time intervals or regions of the world, so many difficult challenges in the management of
fresh water are faced.
Systematic and comprehensive approach to water resources management, utilization and allocation
slightly - water quality of the reservoir, as well as prioritizing development plans drawn attention of
researchers and policy makers in the water sector. Therefore, planning and management of water
resources should be a systematic approach to determine and pursue sustainable development goals.
Pvrky and Yates (2005) to assess the amount of water used in a belt WEAP 99 U.S. model, the region
responsible for 91 percent of U.S. corn and 89% soybean, solar radiation and rainfall provide a model
for future studies on climate change due to changes in monthly mean temperature. Model and the
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current status for a period of achieving agricultural production, the model results for the decades of
2010 and 2020 to 2050, Furthermore, the model parts from China, Argentina and Brazil, and has
performed around the Danube River.
Ruskin (2001) of the Aral sea water loss due to uncontrolled harvesting in the upstream of the WEAP
software, Its purpose was to assess the water balance and management strategies and scenarios
management can be defined include: changing consumption patterns, better management system and
development of new water sources. He announced excellent results from this study.
Larson (2000) used the results of the five-day time step by the WEAP model for long-term water
supply planning in South Korea, surface water quality modeling, and cost-benefit analyzes and reports
the results of the complete map.
Lyvayt et al (2003) investigated effects of demand management in agriculture by WEAP, especially in
the first Phantasea basin located in South Africa. Steelport basin water balance on WEAP model
capable decision support system and results in drought conditions, demand management is
accountable to the condition. Another result of the WEAP software is very useful in the assessment of
water allocation decisions are fast but can not that extreme hydrological model for the nation.
Alfara (2004) used WEAP model in Lake Naivasha Basin to look for the future troubles in Kenya is
associated with increased water needs with a comprehensive view and results showed that the main
problem is that water is allocated to agriculture to meet the needs of agricultural land is higher than the
actual water needs.
Kholghi (2006) simulated and optimized analysis of conjunctive use of surface and groundwater
systems, first choice of the design and operation of the system of rivers and aquifers, groundwater and
surface model using value function method and chose the preferred option. He also investigate
applicable guidelines for the proper management of agricultural lands in southern Tehran by using the
cumulative value of the function as a method of making a multi-criteria with regard to the criteria of
the acreage, the initial cost, annual revenue, number of new wells, water levels drop, and reliability
offered employment.
Yazdanpanah et al. (2008) studied NE Iran by weap model and simulate the impact of changing
cropping patterns, reducing the area under cultivation and the rate of increase of the population.
Jalali et al. (2008) showed that there are shortcomings in the WEAP model according to Hydroelectric
energy calculations, Comparing these results with the results of the Vensim simulation environment
show that this approach is accurate and applicable and can be extended.
aeedinia (2008) simulate integrated modelling of Water Resources and Koohrang Behshtabad by using
WEAP model and showed that the volume needed for storage and a maximum of 600 million cubic
meters of water adjustment are obtained.
Fatemi and Jalali (2008) simulated the drinking demands, water rights and increase the maximum
level of cultivated fields by Weap model in RAMHORMOZ.
Kazem and Maknon (2008) investigated the effects of climate change on water resources in the
Zanjanroud basin by WEAP model and predicted direct runoff in a 50-year return period.
In this study, the WEAP software systems was selected because it is capable of taking important
processes affecting water resources in the river basin level and has high flexibility in defining
scenarios, policies and free access to its operation and development.
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MATERIALS AND METHODS
Water use efficiency and allocation of water demand management is a key component. Increasing
water efficiency or the quality of a given service without using more water is to increase stability.
There are also a function of the increasing importance every day and the more efficient allocation of
water. Water scarcity lead up to allocation of water and prioritize the receiving water in which part. In
other words, the efficiency of water showed that the water in different sectors and regions should be
divided suitably.
Modelling of water in a watershed is a simple description of real systems to assist calculations and
pre-projections used to estimate the amount of water needed to meet current and future demands under
scenarios of supply and demand. The guidelines are necessary to determine the time, location and cost
of their deals. Models represent significant dependencies and interactions between the various control
structures. Two basic approaches to the modeling is:
1.
To simulate behavior of water resources based on a set of rules governing water
allocation and infrastructure operations.
2.

Optimal allocation of based objective function and constraints related.

WEAP model can be used to balance water supply and demand. The design of WEAP for allocating
water resources management and water demand management in Aras river basin is used.
The water evaluation and planning system is a Windows-based decision support system for integrated
water resources management and policy analysis. WEAP is a model-building tool, used to create
simulations of water demand, supply, runoff, evapotranspiration, infiltration, crop irrigation
requirements, in stream flow requirements, ecosystem services, groundwater and surface storage,
reservoir operations, and pollution generation, treatment, discharge and in stream water quality, all
under scenarios of varying policy, hydrology, climate, land use, technology and socio-economic
factors. WEAP can dynamically link to the USGS MODFLOW groundwater flow model and the US
EPA QUAL2K surface water quality model. WEAP was created in 1988, and it is widely used for
climate change adaptation studies, and has been applied by researchers and planners in hundreds of
organizations worldwide.
Annual demands= Br(Total Activity Level Br× Water Use Rate Br)
Monthly Demand s,m=Monthly Variation Fraction Ds,m × Adjusted Demands
Monthly Supply Requirement Ds,m=(Monthly Demand Ds,m×(1-Reuse Rate Ds)×(1-DSM
Savings Ds)/(1-Loss Rate Ds)
Calculation of annual water demand and supply of the required monthly
Amount equal to the total annual requirement for all sites is ( The site itself contains several
subdirectories that each sub is defined by Br.)
Annual demands= Br(Total Activity Level Br× Water Use Rate Br)
In which Water Use Rate is water demand for every unit of Activity Level such as per body or area
unit.
Monthly Demand s,m=Monthly Variation Fraction Ds,m × Adjusted Demands
Water demand for each application site is equal to monthly water site demand, three items also would
be considered: water returned, water management strategy and losses.
Monthly Supply Requirement Ds,m=(Monthly Demand Ds,m×(1-Reuse Rate Ds)×(1-DSM
Savings Ds)/(1-Loss Rate Ds)
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WEAP is used in several steps:
Problem Definition: The time and space components of the system and the basic question is set.
Current calculations: A snapshot of actual water demand, pollution and resources development
system is given.
Scenarios: A set of alternative policies based on future assumptions, cost and demand factors,
pollution, supply and hydrology affect will be created. Scenario consists of a set of alternative
assumptions or policies.
Evaluation: Evaluation of the adequacy of scenarios, costs and profits, consistent with the purposes
and sensitivity to environmental uncertainties.
Data collection
The gathered information about rivers of the region's main river is to flow that must be logged in as a
monthly average. In this study, the daily discharge data were available and after completion of
reconstruction were taken, statistical mean was calculated.
Data were prepared according to the standard format in Excel Models, Excel files saved in CSV
format and the code called with "Read from file" by software.
Next step is data entry sites demands comprised: domestic, agricultural, industrial and environmental,
finally, reservoir data characteristics and information was entered into model
Case Study
The study area is the Aras River Basin located in western Iran. The efficiency and application of the
present model in optimal consecutive multipurpose reservoir dam operation, was evaluated in this
study. The Aras river is covered over than 100,220 square kilometers of lands in Pars Abad, Moghan.
The Aras River's source is the Bangul Mountains in Turkey and it stretches for more than 1000
kilometers on the joint border of Turkey, Azarbayjan, and Armenia. On this river, two big reservoir
dams named Aras reservoir dam and Khoda Afarin reservoir dam exist consecutively. Also, the Khoda
Afarin irrigation networks, Mill and Moghan, are located after the second dam, Khoda Afarin.
The average input flow to the Aras and Khoda Afarin reservoir dam are 183 and 250 m3/s,
respectively.
Figure 1. shows the position of the study area. Figure 2. shows selective system operating system Aras
basin.
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Fig 1. Aras river basin location.

Fig 2. Selective system operating system Aras basin.
Deficiencies in the objective function is the minimization of the required (optimization by minimizing
the sum of squared deviations of output) and minimizing loss of energy from hydroelectric
powerplants. The objective function for optimizing short-term period will be as follows:
m 2 n 12

(R t

MinimizeF
k 1

Dt ) 2

(S t

St

1

It - R t - E t )2

t 1

Where
Rt =Monthly irrigation release for the month‘t’.
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Dt = Monthly downstream irrigation demand for the month‘t’.
St = Initial storage in the beginning of month‘t’.
St+1 = Final storage at the end of month‘t’
It = Monthly inflow during the period ‘t’, and
Et = Monthly evaporation loss from the reservoir during the month‘t’.
Ht=Water needed head for waterplants energy
Hdt=Expected water head for waterplants energy
Kt= Number of reservoir
And optimized for the medium term will be as follows:
10

m 2 n 12

MinimizeF

(R t Dt )2 (St St

1

It - Rt - Et )2 (Ht Hdt )2

t 1

y 1 k 1

The total water requirement of water demand is required, Mil, Moghan and KhodaAfarin networks
need points are shown in the Table 1.
Table 1. water requirement ( million cubic meteres)
September

August

July

June

May

April

March

February

January

December

November

October

418

584

530

523

514

345

225

182

177

202

191

208

There is a relationship between reservoir levels and storage volume in relation to the objective
function equation of evaporation losses in the area of the reservoir, therefore the equation for the
area – volume of Aras dam reservoir is as follows:

At

4

5

10

S

2

. 1627

t

S

t

4 . 3026

The equation for the area - volume in the equation in Khoda Afarin Dam

2

At

10

5

St

2

. 0739

St

3 . 5771

At =Reservoir water area(Km2 )
St =Reservoir water volume(MCM)
There is a relationship between storage volume and water level behind the dams that needs to be
formulated in relation to the objective function used, According to this equation, the water level
behind the Aras dam are as follows:

H

1

t

10

5

St

2

. 0367 S t

753 . 6

The water level equation behind Khoda Afarin dam is as follows
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H

2

t

10

5

S

2
t

. 0591

St

257 . 46

Ht = Water elevation behind dams in meteres
St =Reservoir volume in specified time(MCM)
RESULTS
As mentioned in the previous section, WEAP model generally involves several steps: The first step is
to define the scope of the issue, in terms of time, place and scope of the problem of system
components was performed. Then, actual demand of water resources in base year will be presented. In
next section after calibration of the model and its components, the model ran for different scenarios, a
series of scenarios consist of different assumptions about future conditions.
Monthly time step is used for this study. Monthly step is selected because: Simulation time step
hydrological system should be proportional to the time period in which consist of the physical
processes. Important physical processes in river basins have periods less than one year. This depends
on the size of the river basin.
It is usually evident that the time horizon of the study is broader, larger time steps can be chosen,
hourly and daily time steps are used in the short term studies (1 to 5 years), weekly and monthly time
steps are used in the mid-term evaluation (10 to 15 years) and monthly and annual time steps are used
in long-term studies (20 to 30 years). Since in this research mid-term period is considered, the monthly
time steps are used.
Climatic and hydrological data are more readily available monthly and annual. All data and
information, such as files created by Excel CSV format through “Read from file” storage and retrieved
by software. Model results are shown in Figures 6,5,4,3.

Fig 3. Inflows to Area, All inflow Points, All months
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Fig 4. Supply Requirement All months

Fig 5. Outflows from Area All Outflow points, All months
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Fig 6. Unmet Demand , All months

RESULTS AND DISCUSSION
In this study, uncertain parameters Weap model was used for integrated water resource management.
This model was used to evaluate the performance of reservoir system in ARAS basin. Weap model
area for both the current year and the medium term horizon of 15 years under six different scenarios
were used:
1. The current situation in the basin with two scenarios were examined by WEAP model optimization
mechanism. Scenario 1 which represent current conditions in the area (without any new measures)
were evaluated. Irrigation efficiency in Scenario 2 was increased relative to Scenario 1. Comparing the
results of two scenarios showed that reducing consumption and increasing agricultural site, the
agricultural demands has improved.
2. Scenarios 4 and 6 were compared and the results represented a significant share of the irrigation
efficiency on reducing water consumptions.
3. WEAP simulating of Aras river basin showed no significant relationship between irrigation methods
and water uses. This study also showed WEAP model is suitable and inexpensive software to assess
the design and simulation of water resources management.
4. None of the reservoir water level expected hydroelectric plants do not fully meet the requirements;
therefore, it is necessary to modify the power plants curves and revise it in order to use full potential
benefit of favorable of the Aras river basin.
5. Considering all consumption points are located on the downstream of Khodaafrin dam, therefore
there is direct relationship between the rights of exploitation and integration of planning and
coordination between the reservoir dams and demand points in this great basin.
6. The implementation Weap model especially in drought conditions lead up to obtain appropriate
commands curves.
7. Use of uncertain parameters of commands curves is close to reality.
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8. Integrated management of the Aras River Basin is essential.
9. The prediction methods are suggested to derive the uncertain parameters.
10. Prediction methods can be used for optimization as input method.
11. Climate change effects on ARAS river basin can be considered as a new entry in Weap model.
12. Development of international protocols to optimize the use of water potential in ARAS basin is
recommended.
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USE BACTERIA FIXING NITROGEN IN TECHNOLOGY
OF CULTIVATION OF WHEAT
Ainash Nauanova, Zhanabil Bisenov, Gulzira Ishmukhanbetova
S.Seifullin Kazakh Agro Technical University, Kazakhstan,
Astana, prospect Pobedy, 62

Abstract
The article presents results of the study of biological that are based on bacteria of the genus
Azotobacter, their influence on the growth and development of wheat in Northern Kazakhstan. It is
established that the use of nitrogen-fixing bacteria of the genus Azotobacter immobilized in sulfur
zeolite, improves nitrogen-fixing capacity of soil to 21% and wheat yields in wet years on average to
4-5 h/h, and in dry conditions until 1 h/h.
Key words: bacteria fixing nitrogen, grain crops, biological product.
1. INTRODUCTION
One of the main functional components of the soil as the most difficult system are microorganisms
occupying it. Character and intensity of biological circulation of substances, scale of fixing of
atmospheric nitrogen, ability of the soil to self-cleaning depend on activity of microorganisms. Many
microorganisms as the most important components of an ecosystem and the sensitive indicators of
changes occurring in it which are using for biomonitoring of biological properties of the soil, are
irreplaceable participants of formation of soil fertility and the catalyst of mineralization processes of
organic substances which arrive to the soil in the course of cultivation of crops (Nauanova &
Tchurkin 2007).
Numerical and specific structure of microscopic organisms of various soils differ big dynamism. The
maintenance of bacteria, ray fungus and mushrooms in the soil doesn't remain to constants, it naturally
changes depending on a number of factors: humidity, temperatures, cultivation of the soil, availability
of nutrients, toxicity, antagonistic relationship in microbic cenosis, introduction of mineral and organic
fertilizers. The number of microorganisms, and also their biological diversity substantially is defined
by technology of processing of the soil and introduction of organic fertilizers (Lynch 1990). At
favorable climatic conditions the quantity of microorganisms and their activity after soil fertilizer
considerably increase, humus disintegration amplifies mobilization of nitrogen, phosphorus and other
elements increases.
The intensification of agricultural production for the last half century, based on application of high
norms of mineral fertilizers, led to exhaustion of natural potential and fertility of soils, worsened
quality of water, air and agricultural production. Therefore ecologically balanced land use based on
application of biological preparations comes to change to intensive land use. Now the problem of
receiving essentially new preparative forms, capable to provide both protection of plants against
causative agents of diseases, and a complex mineral food of microbic cages and a vegetable organism
is very actual. One of such biological products is azotobacter, made on the basis of active strains of the
nitrogen fixing microorganisms, providing a nitrogen fixation, control of development of pathogens,
producing physiologically active agents. In this regard we created laboratory samples of a biological
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product azotobacter on the basis of the new strains allocated from the southern carbonate humus of
Northern Kazakhstan.
2. RESEARCH METHODS
As objects of research strains of soil bacteria from the sort Azotobacter (Az-1, Az-2, Az-3, Az-4, Az5,), biological products created on their basis, wheat grade Astana 2, a mineral sulfur zeolite as a filler
for a laboratory sample of a biological product served.
Field tests of experimental forms of a biological product azotobacter carried out on the basis of
stationary experiences at S.Seifullin Kazakh Agro Technical University. On the anazotic liquid
environment of Eshbi on shakers the biomass of 5 strains of an azotobacter, with continuous control of
temperature,
and availability of sugar is acquired. The caption of bacteria by a crops method in
Petri's cups from 4, 5, 6, 7 cultivations is determined. The acquired biomass of bacteria was
immobilized in structure sulfur zeolite. Before crops the inoculation of seeds of wheat in a dose of 200
g of a preparation on hectare norm of seeds was made. Crops of wheat of a grade Astana 2 were
carried out on a sternal background on May, 25 by seeders of direct crops on depth of 5-6 sm. Norm of
seeding of seeds of wheat of 2,5 million/hectare.
The accounting of defeat of plants root decay carried out to a phase of wax ripeness. For the analysis
dug out on 25 plants from each frequency of a field experiment, intensity of defeat of grain crops root
decay established on the 4th ball scale (Korshunova, Chumakov & Shchekochikhina 1976):
0 – symptoms of an illness are absent;
1 – on the basis of a stalk and its underground part brown strokes, spots (10% of a surface are struck);
2 – brown strips and the spots covering 50% for a surface of body;
3 – continuous becoming brown of the first stem and underground interstice;
4 – lack of productive stalks in the presence of symptoms on point 3.
The structural analysis of plants of wheat, the maintenance of nutritious elements and number of
microorganisms in the soil it is carried out by the standard techniques.
3. RESULTS OF RESEARCH
For the purpose of influence definition of biological products on biological activity of the soil change
of total number of microorganisms depending on types of biological products with the azotobacter
immobilized in their structure in the southern carbonate humus of Northern Kazakhstan was studied.
Results of the conducted research showed (see Table 1) that in a stooling phase Az-3 immobilized in
structure sulfur zeolite had positive effect of biomineral preparations on development of bacilli more.
The number of the bacteria, acquiring organic nitrogen, on this option made 1,9 million/g soil. During
the vegetative period the quantity of the bacteria acquiring organic forms of nitrogen, prevailed on
options with application of biomineral preparations. Favorable conditions for reproduction of nitrogen
uptaking microorganisms developed on options with application of an azotobacter of Az-1 and Az-2.
Here the noticeable increase in the bacteria acquiring mineral forms of nitrogen that reflects high
intensity of processes of transformation of fossils at which mineralization, probably, there is a shift
towards bigger humification and formation of again synthesized organic compounds promoting
restoration and increase of fertility of the soil is observed.
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As the indicators reflecting agronomical value micro biocenosis, quantitative values of a ratio of
number of microorganisms of various taxonomical groups are used. One of such indicators is the
relation of number of bacteria to quantity of the fungus, called by a relative indicator of a bio
hennosity of the soil (Tchernikov, Aleksakhin & Golubev 2000). Quite high bio hennosity is inherent
in the southern carbonate humus, and in the cultivated soil it is higher, than in the virgin.
The maximum quantity of cellulose destructing microorganisms is noted on options with application
of a strain of Az-1 that once again emphasizes stimulating effect of a biomineral complex on
development and distribution of soil microorganisms in the soil.
Table 1. Influence of biomineral preparations on dynamics of number
soil microorganisms.
Microorganisms in 1g of soil
bacterias, adopting nitrogen, mln.
Variant

organic

fungi, thousands

cellulose
destructing,
thousands

mineral

1

2

3

1

2

3

1

2

3

1

2

3

Control

0,6

0,4

0,5

4,0

2,8

6,6

2,5

3,1

4,3

4,7

28,6

-

Az - 1

0,9

0,8

1,5

13,6

9,0

12,3

5,2

3,8

4,1

7,0

86,2

-

Az - 2

1,6

0,7

1,8

6,5

2,2

9,7

2,7

6,4

7,6

4,2

26,3

-

Az - 3

1,9

1,2

0,6

5,5

4,0

7,6

2,0

5,7

6,0

5,3

47,0

-

Az - 4

0,8

0,8

0,5

9,2

3,4

8,5

3,4

3,8

5,4

3,6

21,6

-

Az - 5

1,6

0,9

1,6

11,1

5,6

13,0

1,2

5,2

3,9

5,3

27,2

-

Note: 1 – the first term of selection of soil samples during tillering period;
2 – the second term of selection of soil samples during flowering-earing period;
3 – the third term of selection of soil samples during period of complete ripeness.

Development of an azotobacter in the soil, and also in a rhizosphere of plants happens in association to
other representatives of soil micro flora who are very numerous and extremely various on the
biological properties. Cohabitation of many microorganisms to an azotobacter is connected with use of
the nitrogenous connections allocated by the last in environment, and also synthesis of physiologically
active agents.
The quantity of microorganisms in a rhizosphere of plants is in direct dependence on level of a food,
intensity of a metabolism, growth and age of plants. Root allocations of plants play an important role
in development of an azotobacter, it uses them as the power supply, fixes atmospheric nitrogen due to
organic substances allocated by roots.
Studying microbiological activity of the soil under wheat crops with biomineral preparations, made
observations over accumulation of an azotobacter in the soil of experimental options. On options
where cages of an azotobacter took root into structure of biomineral fertilizers, its quantity increased
(see Fig.1).
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Activity of nitrogen fixing bacteria of the sort Azotobacter in the soil of experimental options isn't
identical during the vegetative period. In spring, by the time of full shoots of crops the azotobacter
stirs up the activity. On options with application azotobacter this bacterium is found twice more often
than on control. In a phase of flowering and full ripeness a biological product on the basis of Az.
chroococcum Az-3 increased quantity of cages of an azotobacter by 1,5-2 times in comparison with
control. In this case the azotobacter affects as a producer of biologically active agents stimulating
microbiological processes in the soil and a rhizosphere, and also operating directly the highest plants.
The majority of researchers notes a change of number of an azotobacter depending on a phase of
development of plants. However in the conditions of insufficient moistening the greater influence,
than change of phases at plants has a mode of soil moisture.
Inoculation of wheat a biological product azotobacter NordKz promoted increase in number of the
bacteria acquiring mineral forms of nitrogen, and also cellulose destructing fungus which strengthened
processes of transformation of fossils, promoting restoration and increase of fertility of the soil.
We carried out analyses by definition of the content of the organic substance (humus), selected in
crops of wheat, inoculated various strains of an azotobacter.
The maintenance of a humus in the soil under crops of wheat varied from 3,56 to 3,61%. Some
increase in organic substance is noted on option with crops of wheat processed by a strain of Az-5,
making 3,61 that is 0,06% higher than option without introduction of an azotobacter.
It can be explained to that in soil conditions mycolitical bacteria, eating mushroom myceliums, create
cyclic connections like benzoic acid sodium which are the good power supply for an azotobacter.
Finally, as a result of its activity humic similar substances, on the properties soils very close to humic
substances are formed. Thus, the azotobacter developing in the conditions of the soil at the expense of
products of disintegration of fungus, forms phaeochrous humus similar substances that speaks about
its significant role in biogeochemical processes of the soil.
The carried-out analysis of the soil showed that the content of nitrate N-NO3 nitrogen in the soil under
crops increases at introduction of an azotobacter (see Fig.2).
The maximum content of nitrate nitrogen is observed at introduction of an azotobacter Az-1 strain.
During wheat maturing the content of nitrogen decreased on all experimental options, it is caused by
carrying out of nutritious elements on crop formation. The high content of nitrogen in a phase earingflowering is observed on option with application of an azotobacter of Az-4 in comparison with control.
On level of security experimental options with introduction of biological products are characterized by
mobile forms of phosphorus as average income. The content of phosphorus varies ranging from 21 to
27 mg/kg of the soil. By the end of the vegetative period the content of phosphorus remained high at
the expense of additional intake of nutrients with biological products.
Action of biological products can be defined on accumulation by plants of nitrogen by a number of
factors among which major importance belongs to security of plants with nitrogen which in turn
depends on its fixing diazotrophs, and also enhancement of consumption by nitrogen plants from the
soil as a result of microbe static effect.
The carried-out field tests allowed reveal efficiency of the received strains of the azotobacter
possessing expressed stimulating effect on growth and development of wheat.

67

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net

Fig.1. Survival of an azotobacter in a rhizosphere of wheat when using laboratory samples of
azotobacter.

68

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net

Fig. 2. The maintenance of nutritious elements on the southern carbonate humus under wheat crops
against application azotobacter (in a layer of 0-20 cm).
Actions of azotobacter were studied not only on parameters of soil fertility, but their influence on
efficiency of grain crops was also studied.
Results of the structural analysis showed that nitrogen fixing bacteria more positively influence safety
of plants, number of grains in an ear, and also on the mass of 1000 seeds. Productivity of a springsown field depending on use of various strains of an azotobacter varied within 23,2 - 27 c/hectare (see
Table 2).
The maximum level of productivity is observed on option with application of a strain of Az-2 and
made 27 c/hectare. High productivity was observed and on option with application of a strain of Az-4
(26,1 c/hectare).
Increase of the most harmful disease of grain crops – root decay which annually reduces productivity
of grain of spring-sown soft field by 20-23% is noted in Kazakhstan, thus in grain protein content
decreases, quality of a gluten (Chulkin of et al decreases. 2000). The disease can be shown during the
whole period of vegetation of plants, causing death of shoots, lag of plants in growth, a frail of grain
and dying off of stalks (Sanin, Tcherkashin & Nazarov 2002).
Suppression of root decay by chemical methods has a number of the restrictions connected with
emergence of super persistent strains, and also with adverse ecological effects of application of
pesticides in crops. Therefore, development of biological methods of protection of plants and increase
of a suppression of soils concerning mushroom plant pathogenic (Sokolov, Monastic & Pokushova
1994) is actual.
Use of nitrogen fixing bacteria for an inoculation of cultural plants is one of perspective agro
technologies which can provide effective biocontrol of pathogens and by that to minimize use of
pesticides and fungicides in agriculture. Azotobacter, producing anti fungal antibiotic substances,
helps plants to raise and develop that has especially great value in early phases of their development
(Terekhov & Yezhova 1997).
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Table 2. Change of elements of structure of a crop of wheat in connection with application of
azotobacter.
Variant

Productive
bushiness

Plant height,

Ear length,

sm

sm

Number of
grains in an
ear,

Mass 1000
of grains, g

Crop
productivity,
c/h

pieces
Control

1,5

110

8,0

15

37,0

20,1

Az-1

1,5

110

9,0

18

39,0

23,5

Az-2

1,5

105

8,0

25

38,6

27,0

Az-3

1,7

110

9,0

30

39,5

25,1

Az-4

1,9

105

7,0

28

38,4

26,1

Az-5

1,6

102

9,0

26

39,8

23,2

-

-

-

7,1

1,7

2,5

05

The greatest distribution and development root is noted by the decay on control option of 20,9% and
6,9% respectively. Favorable climatic conditions affected and growth of an azotobacter. Biological
products on the basis of strains limited illness development on the average for 23,1-46,2% that led to
growth of productivity of wheat on these options. Biological efficiency of the tested strains of an
azotobacter against root decay quite high (see Fig.3). The highest biological efficiency is revealed on
sites where seeds were processed by Az-3 and Az-5 strains. Economic efficiency of processing of
seeds of wheat biological products on the basis of Az-2 and Az-4 was the highest, respectively –
25,6% and 23,0%.
The results of antagonistic and growth incitanting Azotobacter chroococcum properties received by us
assume their further use in protection of plants against mushroom diseases. The biological product on
the basis of a strain of Az-3 appeared the most effective in fight against mushroom diseases.

A
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B
Fig. 3. Biological (A) and economic (B) efficiency of preseeding processing of seeds of wheat
azotobacter.
4. CONCLUSIONS
For the first time biological products on the basis of strains of nitrogen fixing bacteria Azotobacter
chroococcum immobilized in sulfur zeolite, allowing increase productivity in damp years on the
average to 4-5 c/hectare are developed and tested.
Results of the conducted research testify that any of the tested biological products has no negative
impact on crop formation.
Biological efficiency azotobacter against root decay averaged 35%, and economic efficiency of use of
biological products - 20%. Decrease in development of a disease in wheat crops on the average for
44% and distribution restriction - for 32% is established.
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BIOTRANSFORMATION OF GLYCEROL BY PSEUDOMONAS DENITRIFICANS
1625 AND KLEBSIELLA OXYTOCA VA 8391
Bilyana I. Ilieva, Greta P. Naydenova, Sophia N. Yankova and Venko N. Beschkov
Institute of Chemical Engeneering- Balgarian Academy of Sciences,
Acad. G. Bonchev St., Block 103, 1113 Sofia, Bulgaria

Abstract
Glycerol is a waste product from biodiesel production. In this work the strains Pseudomonas
denitrificans 1625 and Klebsiella oxytoca VA 8391 have been studied to degrade glycerol to 1,3propanediol and 2.3-butanediol.
Both batch and fed-batch modes of this biotransformation carried out in rotary shaker conditions were
tested.
It was observed that homo-fermentation process prevails and PD was produced with no traces of
other products, when the glycerol initial concentration was sufficiently low (10 and 20 g dm-3). At
initial substrate concentration of 30 g dm-3 the process was substrate inhibited with longer lag phase.
In the case of fed-batch process higher yields of PD were observed but with a lower rate. Some small
amounts of 2,3-butanediol have been observed.
In the biotransformation of glycerol with strain Klebsiella oxytoca VA 8391 optimal initial
concentration of substrate in the medium was 20 g/l.
At initial concentration of glycerol in the medium 30 g/l a substrate inhibition is present.
Key words: glycerol, 1,3-propanediol, 2,3-butanediol
INTRODUCTION
Glycerol (1,2,3 – propanetriol) is a widely used chemical compound. It is present in industrial,
professional and consumer products. It is used as an ingredient in many products as an intermediate in
the industrial production of soaps, detergents and glycerol esters. It is used in the manufacture of
pharmaceutical products in the cosmetics, tobacco products, food and beverages.
Glycerol biodegradation is a complex process, as at least 5 fermentation products (in different ratio)
are accumulated in the culture medium: 1,3-propanediol, 2,3-butanediol, lactic acid, acetic acids and
ethanol (Petrov, K. t al., 2010). Diols (1,3-propanediol and 2,3-butanediol) are the major products of
glycerol fermentation. The yield of 1,3-PD depends on many factors, the most important of which are
the nature of the producing strain, medium composition, aeration, pH (usually constant, pH = 7). Many
data are reported in the literature for production of 1,3-PD, but the best results are reported by Yang83,56 g/l 1,3-PD. (Yang G. t al., 2007) The process is carried out by aerobic feed-batch fermentation
of glycerol and sucrose as co-substrate. The used strain is Klebsiella oxytoca, a specially engineered
mutant, unable to form lactate.
Microbial methods are cheaper and more environmentally friendly way to obtain 1,3-PD as well as
2,3-BD. Esters of 2,3-BD are used in the production of printing inks, perfumes, disinfectants,
moisturizing and softening agents, explosives, drugs. (Garg S.K., and Jain A. 1995 ; Syu M.J. 2001)
The highest production of 2,3-BD has been achieved involving bacteria of the genus Klebsiella. 41 g/l
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2,3-BD from 100 g of glucose and record 150 g/l have been obtained when Klebsiella oxytoca was
used as a producer.( Ji X.J., t al., 2008 ; Ma C. t al., 2009).
The possibility of 2,3-BD to be derived from glycerol was observed for the first time by Biebl when
studying the bioconversion of glycerol by Klebsiella and Citrobacter. (Biebl H., t al. 1998; Biebl H.,
t al., 1999).
Factors that determine the quality of the fermentation of glycerol are: temperature, substrate inhibition,
aeration and pH. The maximal theoretical yield of 2,3-BD from glucose is 0.5 g/g while the final yield
of 2,3-BD obtained using Klebsiella oxytoca, may exceed 80-90% of the theoretical. (Pirt S., and
Callow D.S. 1958 ; Ma C., t al., 2009).
All Enterobacteriae can degrade glycerol, but only strains Klebsiella and Citrobacter can synthesize
valuable biotechnological products (1,3-propanediol, 2,3-butanediol). K. Petrov and P. Petrova (2009)
used Klebsiella pneumoniae G31 strain for biodegradation of glycerol in a fed-batch fermentation
process. The culture media used in this case is a modified one described by of (Zhao., et al. 2009). The
starting concentration of glycerol was 30 g/l. The highest yield of 2,3-butanediol (49.9 g/l) and 1,32+
propanediol (11.6 g/l) were achieved at pH-uncontrolled fermentation broth in the absence of
.
(Petrov K., and Petrova P.,2009); (Petrov K., and Petrova P.,2010) The total amount of degraded
glycerol during the process was 138.3 g. (Petrov K., and Petrova P.,2009) ; (Petrov K., and Petrova
P.,2010).
The aim of present study was to investigate the ability of Klebsiella oxytoca VA 8391 strain for
biodegradation of glycerol and to obtain valuable products with added value. Another aim was to
investigate the possibilities of strain Pseudomonas denitrificans 1625 for glycerol conversion. In the
best of our knowledge there is not any data in the literature for capabilities of this strain to convert
glycerol.
XPERIMENTAL. MATERIALS AND METHODS
2.1. Bacterial strains
For the purposes of this study strains of Pseudomonas denitrificans 1625 and Klebsiella oxytoca VA
8391 were used.
Pseudomonas denitrificans is gram negative anaerobic bacteria that perform denitrification. It was first
isolated from garden soil in Vienna, Austria. These bacteria synthesize vitamin B12. Based on 16S
rRNA analysis, P. denitrificans was placed in the group of Pseudomonas pertucinogena. (Anzal, et.al.
2000); (Lago BD, and Demain AL.,1969). Microbial culture Klebsiella oxytoca VA 8391 is isolated
from the activated sludge from the treatment plant of "Lukoil Neftochim" Bourgas.
2.2. Nutrient media
In batch and fed batch processes the strain Pseudomonas denitrificans 1625 is cultivated mainly in two
culture media with the following composition:
2.2.1. Medium

1 (seeding) for 1000 ml

Ingredients: Yeast Extract - 1,0 g/l, Peptone -10 g/l, NaCl- 10 g/l, Agar-15 g/l, Distilled water-1000ml,
pH of the medium = 7.2 to 7.4
2.2.2. Medium

2 (working) for 1000ml

Ingredients: MgSO4.7H2O- 0,2 g/l, CaCl2.2H2O- 0,2 g/l, NaCl- 5,0 g/l, KH2PO4 solutuon (9,073 g/l) 379 ml, Na2HPO4 solution (11,866 g/l) – 621 ml, Salt solution - 10 ml/l, glycerol-2-6 g/l. pH of the
medium = 7
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The composition of the salt solution SL-6 is given in Table 1.
Component of the environment

Number of component

CaCl2.2H2O

2.5 mg

FeSO4.7H2O

1 mg

ZnSO4.7H2O

0.05 mg

H3BO3

0.05mg

CoCl2.6H2O

0.02 mg

Na2Mo4.2H2O

0.015 mg

NiCl2.6H2O

0.02 mg

Distilled water

1l

Table. 1. Composition of salt solution added to the working medium.
2.2.3. Strain Klebsiella oxytoca VA 8391 is cultivated mainly in two culture media with the following
composition: Medium 1 (seed) per 100 ml Ingredients:
Meat extract – 1 g, Peptone – 1 g, NaCl – 0,5 g, Distilled water to 100 ml, pH of the medium = 7.2 to
7.4
Medium
2 (working) is with the same composition as the working medium in which strain
Pseudomonas denitrisficans 1625 is cultivated.
2.3. Cultivation and equipment
Culture media were sterilized in an autoclave at a temperature 121
and pressure 1 atm for 20
minutes. Inoculum was developed for 24 hours on a rotary shaker (“New Brunswick Scientific” New
Jersey, USA,) at 200 rpm at 30 ºC.
For fed-batch processes the initial concentration of the substrate (glycerol) ranges from 5 to 10 g/l, and
for batch processes - from 10 to 30 g/l.
2.4. Analytical Methods
Determining the concentration of the metabolites
Qualitative and quantitative analysis of soluble products of fermentation, and the substrate glycerol
was performed using liquid chromatography system (HPLC). The amounts of 2,3-butanediol, 1,3propanediol and glycerol were also determined by chromatographic analysis. All samples were filtered
through a filter with a pore size of 0.22 m (Boeco, Germany).
3.RESULTS AND DISCUSSION
To achieve the goals and objectives set out in this work many experiments have been carried.
Basically they can be divided into two groups – batch and fed batch processes for biodegradation of
glycerol.
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3.1.Batch process of biodegradation of glycerol with strain Pseudomonas denitrificans 1625
In view to find optimal initial glycerol concentration experiments with 10, 20 and 30 g/l were carried
out. The results are summarized in Table 2.
Initial
concentration
of glicerol

Duration
(h)

Concentration
of 1,3propnediol (g/l)

Concentration
of 1,2propanediol
(g/l)

Concentration
of 2,3butanediol (g/l)

Biomass

(g/l)

(g/l)

10

72

0.3591

0

0

0.439

20

72

3.9731

0

0

0.483

30

156

4.3028

0

0.7431

0.503

Table. 2 Influence of initial glycerol concentration on 1,3-propnediol production
The increase of the initial glycerol concentration leaded to increase of produced 1,3-propnediol but
fermentation time also increased. What is more at 30 g/l small quantity of 2,3-butanediol (g/l) was
produced. In the next section more details for process with 20 g/l glycerol are given.
3.1.1.Biodegradation of glycerol by Pseudomonas denitrificans 1625 at the concentration of substrate
in the medium 20 g/l.
This series of experiments was carried out under the following conditions:
In flasks with a total volume of 500 ml medium with a composition as described in Section 2.2.2. 2 is prepared and sterilized in an autoclave at 120 °C.
The flask was inoculated with 10 % well-developed seed culture of Pseudomonas denitrificans 1625.
The composition of seed media used to obtain inoculum is described in section 2. 2.1. 1. To the
work fermentation medium 20 g/l glycerol was added.
The process of biodegradation takes place on a shaker stirring at 150 rpm and a temperature of 30 ° .
The results are presented graphically in Fig. 1.
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Fig. 1. Periodic process of glycerol biodegradation at a concentration of substrate in the medium 20 g/l
(squares - concentration of 1,3-propanediol, circles - concentration of glycerol).
The presented graph shows that the duration of the process is 72 hours and about 4 g/l of the target
product is obtained.
Biomass

Concentration of
1,3-propanediol

Concentration of
1,2-propanediol

Concentration of
2,3-butanediol

( g/l)

(g/l)

(g/l)

(g/l)

0

20.1219

0

0

0

0.358

22

12.6869

0.4182

0

0

0.425

48

3.3112

2.1561

0

0

0.479

72

0.0065

3.9731

0

0

0.483

Time (h) Concentration of
glycerol

( g/l)

Table 3. Periodic process of biodegradation of glycerol at substrate concentration of 20 g/l
3.2. Biodegradation of glycerol by Pseudomonas denitrificans 1625 in a fed-batch process.
Fed-batch experiments of biodegradation of glycerol were performed with initial substrate
concentration of of 10 g/l, followed by twice feeding with glycerol solution (40 g/l) to a concentration
about 10 g/l. Conditions (temperature, size medium, shaker speed) are the same as in the experiments
described above in 3.1.
The results of these experiments are presented in Fig. 2 and in table 4.

77

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
Unconverted substrate at the end of fermentation was 6.5 g/l. The yield of 1,3-propanediol was 9.1 g/l
and at the 96-th hour of the process synthesis of small quantities of 2,3-butanediol was observed.

Fig. 2. Fed-batch process of biodegradation of glycerol at initial concentration of substrate in the
medium 10 g/l (squares - 1,3-propanediol concentration, circles - the concentration of glycerol,
triangles - the concentration of 2,3-butanediol).

Concentration
of glicerol
(g/l)

Concentration of
1,3-propnediol
(g/l)

Concentration of
1,2-propanediol
(g/l)

Concentration of
2,3-butanediol (g/l)

Biomass
(g/l)

0

10.0256

0

0

0

0.398

24

5.2337

0.4631

0

0

0.523

48

0.9998

2.1213

0

0

0.721

49

11.9579

2.1198

0

0

0.719

72

6.3132

5.4854

0

0

0.7833

96

1.9873

8.1936

0

0.1253

0.791

97

12.0002

8.0873

0

0.2116

0.797

144

6.9897

9.1719

0

0.2725

0.612

172

6.5431

9.1145

0

0.3186

0.599

Time
(h)

Table. 4. Fed-batch process of biodegradation of glycerol at an initial substrate concentration in the
medium 10 g/l
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3.3. Batch process of biodegradation of glycerol with strain Klebsiella oxytoca VA 8391
In the first set of experiments the influence of initial glycerol concentration of production of 2,3butanediol was investigated. The results are presented in Table 5.
Initial
concentration
of glicerol

Time
(h)

Concentration
of
1,3propnediol (g/l)

Concentration
of
1,2propanediol
(g/l)

Concentration
of
2,3butanediol (g/l)

(g/l)
10

72

0

0

0.3195

20

72

0

0

4.92360

30

168

0

0

4.8125

Table 5. Influence of initial glycerol concentration of production of 2,3-butanediol. In the next section
more details for process with 20 g/l glycerol are presented.
3.3.1. Biodegradation of glycerol by Klebsiella oxytoca in the concentration of substrate in the
medium 20 g/l
The series of experiments at concentration of 20 g/l of glycerol in the medium were performed under
the following conditions:
Medium (200 ml) with composition described in Section 2.2.2 was prepared in flasks with a total
volume of 500 ml and sterilized in autoclave at 120 . The flask was inoculated with 10 % welldeveloped seed culture of Klebsiella oxytoca.
The process of biodegradation is carried out at 37 °C on shaker at 200 rpm. Average results of this
series of experiments are presented in Figure 3. The figure shows that the amount of substrate in the
medium is depleted completely in about 70 hours.

Fig.3. Dependence on the concentration of glycerol and 2,3-butanediol at the time of biodegradation
batch process. Concentration of substrate in the medium - 20 g/l
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3.3.2. Biodegradation of glycerol by Klebsiella oxytoca in the concentration of substrate in the
medium 20 g/l and 30 g/l in the combined conditions of mixing
This experiment was carried out within 72 hours under the conditions described in the above cases the same medium and at 200 rpm on a rotary shaker. The content of glycerol in the medium was 20g/l.
Then to 144 hours the flasks were removed from the shaker and remained in static conditions. The
results of the experiment are shown in Figure 4.
The graphical representation of this process shows that under these conditions the quantity of the
obtained 2.3 - butanediol was three times higher than in the experiment described in section 3. 3. 1. A
possible explanation of these results may be that at the beginning of the process shaking is required for
the proper development of cells of the strain. Apparently, after 72-hour anoxy conditions stimulate the
formation of 2,3-butanediol from degraded glycerol.

Fig. 4. Biodegradation of glycerol by Klebsiella oxytoca in the concentration of substrate in the
medium 20 g/l in the combined conditions of mixing.
3.4.Biodegradation of glycerol with strain Klebsiella oxytoca VA 8391 in fed batch process.
In these experiments, the process of biodegradation of glycerol has been run in medium with relatively
low concentrations of substrate.
Depending on the remaining glycerol concentration in the broth, additions were made by at different
time intervals. The results of these experiments are presented in Figure 5. The figure shows that the
total degraded glycerol is 30 g/l, but the substrate is added in three portions. The time of glycerol
biodegradation was about 150 hours, but the resulting amount of the 2.3-butanediol was almost three
times greater than that obtained in case of initial concentration of 30 g/l.
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Fig. 5. Dependence on the concentration of glycerol and 2,3-butanediol at the time of the batch
process of biodegradation of glycerol by Klebsiella oxytoca VA 8391 with an initial concentration of
substrate in the medium 10 g/l.
CONCLUSION
4.1.1.Conclusion from the process of biodegradation of glycerol with strain Pseudomonas
denitrisficans 1625
In relation to the goals and objectives of this work, and from the results of the experiments we have
made the following conclusions:
1. In biodegradation of glycerol with Pseudomonas denitrificans strain 1625 in a batch process carried
out in a shaker flasks, the optimal starting concentration of substrate was 20 g/l.
2. Conducting the process of biodegradation of glycerol in a fed-batch process in Erlenmeyer flasks
increases the amount of the prodused 1,3-propanediol, but for much longer time. In this case we also
observed synthesis of small amounts of 2,3-butanediol.
3.When initial concentration of glycerol in the medium was 30 g/l substrate inhibition was observed.
4.1.2.Conclusion in the process of biodegradation of glycerol with strain Klebsiella oxytoca VA 8391
1. In biodegradation of glycerol with strain Klebsiella oxytoca VA 8391 the optimum initial
concentration of substrate in the medium was 20 g/l.
2. The conducting of the process of biodegradation of glycerol in fed-batch conditions leads to the
formation of a larger amount of 2,3-butanediol in the culture fluid.
3. During the degradation of glycerol with strain Klebsiella oxytoca VA 8391 1.3- propanediol is not
formed.
4. Carrying out of the experiment at substrate concentration 20 g/l in terms of combined stirring the
highest concentrations of 2,3-butanediol were obtained.
5. When initial concentration of glycerol in the medium was 30 g/l substrate inhibition was present.

81

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
Acknowledgements:
This study has been carried out with the financial support of National Science Fund, grant scheme
DMU 03/104/2011.
REFERENCES
Anzal, et.al.; Kim, H.; Park, J.Y.; Wakabayashi, H.; Oyaizu, H.; (2000, Jul). ”Phylogenetic affiliation
of the pseudomonads based on 16S rRNA sequence“ Int J Syst Evol Microbiol 50 (Pt 4): 1563-89.
PMID 10939664.
Biebl, H.; Zeng, A.P.; Menzel, K.; Deckwer, W.D.; (1998). “Glycerol fermentation to 1,3-propanediol
and 2,3-butanediol by Klebsiella pneumoniae”. Appl. Microbiol. Biotechnol. 50: 24–29.
Biebl, H.; Menzel, K.; Zeng, A.P.; Deckwer, W.D.; (1999). “Microbial production of 1,3propanediol”. Appl. Microbiol. Biotechnol. 52:289–297.
Garg, S.K.; Jain, A.; (1995). Fermentative production of 2,3-butanediol: a review. Bioresour. Technol.
51:103–109.
Ji, X.J.; Huang, H.; Li, S.; Du, J.; Lian, M.; (2008). “Enhanced 2,3-butanediol production by altering
the mixed acid fermentation pathway in Klebsiella oxytoca.” Biotechnol. Lett. 30:731-734
Lago, B.D.; and Demain, A.L.; (1969).”Alternate requirement for vitamin B12 or methionine in
mutants of Pseudomonas denitrificans, a vitamin B12 – producing bacterium”. J.Bacteriol 99 (1): 3479. PMID 5802615.
Ma C.; Wang, A.; Qin, J.; Li, L.; Ai, X.; Jiang, T.; Tang, H.; Xu, P.; (2009). “Enhanced 2,3-butanediol
production by Klebsiella pneumoniae SDM”. Appl. Microbiol. Biotechnol. 82:49–57.
Petrov, K.; Petrova, P.; (2009). “High production of 2,3-butanediol from glycerol by Klebsiella
pneumoniae G31”. Applied Microbiology and Biotechnology, (2009,) 84:659-665.
Petrov, K.; Petrova, P.; (2010). “Enhanced production of 2,3-butanediol from glycerol by forced pH
fluctuations”. Applied Microbiology and Biotechnology, (2010), 87: 943-949.
Petrov, K.; Vasileva, E.; Petrova, P.; Beschkov, V.; “Bulk chemicals from glycerol – the Bulgarian
contribution to bio – based diols production“ Journal of International Scientific Publication: Materials,
Methods & Technologies, (2010), vol. 4, Part 1, 258 – 266, ISSN 1313 – 2539, published at :
http:/www.science-journal.eu .
Pirt, S.; Callow, D.S.; (1958). “Exocellular product formation by microorganisms in continuous
culture. I. Production of 2,3-butanediol by Aerobacter aerogenes in a single stage process.” J. Appl.
Bacteriol. 21:188-205.
Syu, M.J.; (2001). “Biological production of 2,3-butanediol.”Appl. Microbiol. Biotechnol. 55:10-18.
Yang, G.; Tian, J.; Li, J.; (2007). “Fermentation of 1,3-propanediol by a lactate deficient mutant of
Klebsiella oxytoca under microaerobic conditions.” Appl. Microbiol. Biotechnol. 73:1017–1024.

82

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
PM10 CONCENTRATION AND ELEMENTAL COMPOSITION
BY EDXRF TECHNIQUES IN SOFIA
Blagorodka S.Veleva 1), Elena Hristova1), Emilia Nikolova2),
Maria P.Kolarova1), Raliza Valcheva2)
1)

National Institute of Meteorology and Hydrology, NIMH-BAS,
Tsarigradsko sh. 66, Sofia

2)

Institute of Nuclear Research and Nuclear Engineering, INRNE-BAS,
Tsarigradsko sh. 72, Sofia

Abstract
Particulate matter (PM) is between one of the most problematic air pollutants, with known health
effects. Bulgaria, as some other EU Member States, does not comply with legally binding air quality
limit and target concentration values of PM10. Therefore, it is important to study in more details the
impact of different PM10 sources in order to propose an optimal emissions reduction. In the frame of
the IAEA TC Project RER1/008, the application of nuclear and other relevant techniques is used to
determine the PM10 elemental composition in some European countries including Bulgaria. To study
the PM10 variations in connection with elemental composition and the influence of the meteorological
conditions, winter and summer campaigns were organized at NIMH, Sofia during 2012. The sampling
of 24 hour average concentration was performed by TECORA EchoPM on quartz filters according to
the European Standards. PM10 elemental composition was determined by EDXRF in XRF Laboratory
of INRNE. In the present paper initial results of PM10 mass concentration and its elemental
composition are discussed.
Key words: air pollution, PM10 measurement, elemental composition, EDXRF
1. INTRODUCTION
Bulgaria as some of the others EU Member States does not comply with legally binding air quality
limit and target concentration values, especially for particulate matter (PM), groundlevel ozone (O3)
and nitrogen dioxide (NO2). PM and O3 are Europe's most problematic pollutants in terms of harm to
health, with effects ranging from minor respiratory irritation to cardiovascular diseases and premature
death.
Air pollution is influenced by various factors: source emissions, local and synoptic-scale
meteorological conditions, air mass transport, atmospheric chemical and removal processes,
interaction with land cover. The relative importance of such factors on urban air pollution depends on
the geographical region, its surrounding emission source areas and the related climatic characteristics,
as well as the season of the year Kukkonen et al. (2005).
Airborne particles (PM10, PM2.5, etc.) can cause asthma, cardiovascular problems, lung cancer and
premature death. According to (EEA 2012) 21% of the urban population in Europe is exposed to
PM10 concentrations above the EU reference value of 50 g.m-3 (a 24-hours mean concentration).
Bulgaria is rated as an EU country with higher premature dead caused by high PM10 concentration –
about 1700 persons per year (EEA 2009).
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Sofia, the capital of Bulgaria, has the highest health risk of air and respectively PM10 pollution
amongst the Bulgarian cities, due to the specific topography of the closed valley, a number of different
industrial, traffic and domestic sources which could affect the most populated area in the country.
The toxicity of PM depends not only on size but to a significant extent on chemical composition of the
aerosol particles. Therefore it is an important task to characterize the chemical composition of
particulate matter as a whole and of PM10 in particular. The European Union has established ambient
air quality standards for certain toxic elements, such as lead (EC, 1999), cadmium, arsenic, nickel,
mercury and the carcinogenic benzo[a]pyrene (EC, 2004). Air quality guidelines have also been
recommended by theWorld Health Organization for other elements (WHO, 2000).
Multielemental trace element concentration in airborne particulate matter is mostly determined after
digestion or extraction using the atomic spectrometric methods: Atomic Absorption Analyses (AAS);
inductively coupled plasma atomic emission and mass spectrometry (ICP–AES/ MS) (Muránszky et
al. 2011; Gianini et al. 2012; Koçak et al. 2011). Among these methods, ICP–MS has the lowest
detection limits; however, this method suffers from a variety of spectral interferences. For
investigation of airborne particulate matter the neutron activation analysis (Avino et al. 2008) is also
applied; however, it is not widely used due to the restricted number of facilities and high operating
costs (Muránszky et al. 2011). Gas chromatography is successfully used for analysis of the PM
composition, especially for the organic compounds. These methods require sample destruction and
pretreatment. On the other hand, the ion beam analysis techniques, such as the Rutherford
backscattering spectroscopy (RBS) and the particle-induced X-ray emission (PIXE) (Wiman e al.
2007; Furuyama et al. 2011; Saliba et al. 2010), and X-ray fluorescence spectrometry (ED-XRF)
(Muránszky et al. 2011; Terzi et al. 2010; Ariola et al. 2006; Vercauteren et al. 2011; Cucciaa E.et al.
2011) are fast, non-destructive and do not require sample pretreatment.
The aim of the present study is to discuss the first results from PM10 sampling campaigns of NIMH in
Sofia (performed in winter and summer conditions), to analyze the measured mass concentration of
PM10 and to apply an EDXRF techniques to characterize PM10 elemental composition.
2. EXPERIMENTAL
2.1. Sampling sites description
Sofia, the capital of Bulgaria, is situated in a hollow valley at the skirts of the Vitosha mountain with a
population of about 1,300,000 people http://www.nsi.bg/census2011/index.php.
Central Meteorological Station of NIMH (CMS), where experiments for PM sampling are performed
is situated in the sought-eastern part of the city with coordinates 42.655 N, 23.384 E, at 586 m a.s.l.
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Fig.1. Map of Sofia with air monitoring stations of NIMH, MH (Tzar Simeon)
and 4 stations of ExEA of MoEW.
The monitoring stations of the Executive Environmental Agency of Ministry of Environment and
Waters (ExEA of MoEW) and Regional Health Inspectorates (RIOHH) of the Ministry of Health,
situated in different parts of Sofia, are also shown on Fig.1. Air pollution in certain location/sampling
station is a result of regional background due to pollutants transported over long distances, the urban
background air pollution and the influence of local sources.
2.2. Ambient PM10 sampling/ PM sampling and mass measurement
PM10 sampling was carried out during wintertime (Feb 2012) and summertime (July 2012). Twentyfour hour samples were collected according to EN-12341 on 47mm quartz fiber filters (Whatman
1851-047-QMA) using low volume air sampler Tecora Echo PM (flow rate of 38.33 l/min). Filters
were weighed before and after sampling with an analytical balance (Mettler Toledo, AG135). The
conditioning of the filters is for 48 - 96 hours in a temperature and humidity controlled room (T=
20±2oC, RH=50±5%). Temperature differences between pre-sampling and post-sampling weighing
were usually within 1 °C and relative humidity - within 10%.
Average weight of at least 3 repetitive weightings (blank /loaded) is used further.
2.3. Elemental analysis of ambient particle samples by ED-XRF
The ED-XRF analyses in XRF Laboratory of INRNE-BAS are based on 3 spectrometric systems:
-

The first one is equipped with Si(Li) detector with 25µ Be window and 170eV energy
resolution at 5,9keV Mn-Ka line (PGT). This system is combined with an exciting head, based
on an annular source Am-241 and three secondary targets (Mo, Dy, Sn).

-

The second system is equipped with Si pin diode detector, Peltier cooling, with 7 µBe window
an 140eV (KETEK). An exciting head, especially designed for low Z elements determination
is supplied with three radionuclide sources Fe-55.
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-

The third system is equipped with Si pin diode detector, Peltier cooling, with 7µ Be window a
n 140 eV (KETEK). An exciting head with source of Pu-238 especially designed for analyzing
elements with Z between 17 and 35.

The XRF spectra (Fig.2) are analyzed with specialized software X-Ray-Fit1 (Nikolova&Ralcheva
2006).

a)

b)
Fig.2. Examples of XRF spectra with exiting source of a) Fe-55 and b) Pu-238.
By these three spectrometric systems it was possible to determine more than 20 elements: P, S, Cl, K,
Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn Br, Rb, Sr, Y, Zr, Cd, Sn, Sb, I, Ba, Pb.
The problem with the suitable standards for XRF analysis of aerosols filters is in process of
development. In INRNE XRF Laboratory only one standard suitable for measurements of PM10
aerosol filters is available – from Community Bureau of Reference BCR, Reference material 128, Fly
ash on filter. In this reference material only a few elements are present.
In order to make better calibration curves for our spectrometric systems, 5 filters from the
experimental campaign in February 2012 with different mass load were chosen, corresponding to
different atmospheric conditions and further used as “internal standards”. Using the concentrations in
the reference material we have calculated the concentrations in the 5 selected filters.
These samples were measured further in AGH University, Krakow laboratory, and after that on
spectrometric systems in INRNE-BAS. In addition the same 5 filters were measured in laboratory in
IMI, Zagreb, and in Albanian Centre of Applied Nuclear Physics. This intercomparison exercise has
helped to evaluate elemental concentration in the PM10 samples collected in 2012.
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3. Results and discussions
3.1. Seasonal variations of PM10 concentrations in Sofia
Systematic monitoring of particulate matter and PM10 in the urban atmosphere of Sofia is performed
since the middle of the first decade of the 21st century. A Detailed analysis of annual variation of
PM10 and relation to TSP in Sofia during the period 2005-2011 is given by Hristova&Veleva, 2013.
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Fig.3. Mean PM10 quarterly concentration in air quality monitoring stations in Sofia, 2009-2012.
(ExEA data, http://riosv.riew-sofia.org/)
Data from the urban monitoring stations (“Orlov most”, “Nadejda”, “Hipodruma”, “Drujba”,
“Pavlovo”) are presented in comparison to the data from the background station “Kopitoto” in Fig.3.
Well distinguished seasonal pattern is observed with maximums in the cold period of the year – first
and fourth quarter for all urban stations. Minimums are observed in summer months, when mixing
conditions in the atmosphere are better due to more intensive turbulent diffusion that results in lower
measured concentrations. The PM10 concentration in “Kopito” station increases from winter (I
quarter) to summer (III quarter) in opposite to the urban stations. This is explained with intensive
mixing in well developed summer Atmospheric Boundary Layer (ABL) with increased mixing height
(MH) up to 2 km, higher than the altitude of the “Kopito” station (1350m a.s.l., South-West to Sofia).
In winter, during stable conditions and frequent inversions, the MH is most often bellow the height of
the “Kopito” station and the concentrations measured there are 3-4 times lower compare to the urban
values.
The data pattern for urban stations in Fig. 3 shows similar seasonal variations of PM10, which is
explained with the similar atmospheric mixing conditions in the whole territory of the Sofia city.
To estimate the spatial relations between the PM10 data measured at several monitoring stations
scatter plots of mean monthly data are presented in Fig. 4. The high R 2 values (R2= 0.86; 0.96) show
that the processes forming PM10 concentration fields at Drujba, Pavlovo, and Nadejda are the same, in
spite of their locality in different directions from the city center of Sofia (at 5-8 km distance).
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Fig.4. Scatter plot of mean monthly concentrations at Pavlovo-Drujba (left panel) and NadejdaDrujba (right panel), 2007-2010.
3.2. PM10 mass concentrations and meteorological data
Well distinguished PM10 seasonal pattern (as those observed in Sofia, Fig. 3) with winter maximums
and summer minimums are observed in other European regions with prevailing continental climate
(Kukkonen et al., 2005).
Winter and summer experimental campaigns were organized for measuring of PM10 in Sofia at NIMH
–CMS (central meteorological station) in February (from 6 to 25 ) and in July (from 2 to 26) 2012
(according to the decision for performing of comparative studies during a representative winter and
summer months in each participating country under IAEA TC Project RER1/008).
February 2012 was colder (-3.4°C mean monthly value) then the multi-annual value (normal) and July
was hotter (25°C) then normal. The discussed meteorological conditions are based on synoptic data
from the CMS and analyses (NIMH Monthly Bulletin, Feb 2012, Sofia).
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Fig.5. Mean daily values of air temperature and relative humidity in February (left panel) and July
(right panel) during experimental campaigns in 2012.
During the winter experiment in February 2012 the period from 6 to 25.02. was characterized with
cold and cloudy weather (the mean daily temperatures were below zero during the first 2 weeks),
Fig.5. The daily mean relative humidity was in the range of 63-90% and low wind velocity and calm
weather prevailed. It was snowing during the first two weeks and there was a stable show cover
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during the sampling period with maximum of 48 cm snow cover on 14.02., thus minimizing the PM
emissions from land cover.
The washout of pollutants by precipitation is a well known process of clean up of the atmosphere. The
number of days and quantity of daily precipitation (snow) in February 2012 is high and the sum of
daily snow precipitation is 18.6 mm during the period of sampling. Nevertheless the PM10 pollution
in February is significantly higher than in July (Fig. 6). Daily variations of 24 hours average PM10
concentration and some meteorological parameter –mean 24 hours wind velocity and diurnal
precipitation quantity are shown in Fig.6. a) February and b) July 2012.
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Fig. 6. Mean 24-hours PM10 concentration in NIMH Sofia station in a) February and b) July 2012.
The daily precipitation and mean wind velocity are plotted (right Y-axes).
In 9 of 20 days the PM10 concentration exceeded the threshold value of 50 g.m-3. Periods with
PM10>60 g.m-3 in several consecutive days are 13-15 and 19-23 of February. The last period (from
19 to 23 Feb.) was characterized with highest PM10 measured concentrations (around 150 g.m-3)
explained with the anticyclonic weather, calm conditions, higher temperatures (around and above
zero), the type of atmospheric conditions favorable for high air pollution episodes.
The low measured PM10 concentrations (below 50 g.m-3) in the summer campaign in July 2012 are
explained with summer weather conditions characterised with a development of a deep convective
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ABL and intensive vertical mixing, low cloudiness. Mean relative humidity is low (35-60%) and
growth of hygroscopic PM is less important (Fig.5). In addition some of the sources of PM10 emission
from domestic heating and thermal power stations are significantly reduced compare to the winter
time.
It is important to check whether the PM10 data obtained in this experiment are representative. That is
why the comparison between 24 hours PM10 average at NIMH station (CMS) and the corresponding
PM10 values from the regular monitoring station of ExEA at Pavlovo is presented in Fig.7. High
correlation is registered both in this case and also during the experimental campaign in October 2012
with two parallel samplers for PM10 in operation (Hristova&Veleva, 2013).
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Fig. 7. Scatter plot of 24 hours PM10 values [ g.m-3] from NIMH and ExEA Pavlovo stations.
3.3. Elemental composition of PM10 in Sofia, February 2012
The geologic and biological cycles naturally redistribute metals and nonmetal elements between the
lithosphere, hydrosphere and atmosphere by physical, chemical and biochemical processes. In addition
to the nature the human activity play important role in redistribution of elements often leading to the
increased pollution in some regions. The sources of atmospheric particulate matter and the elements in
PM10 are different: a) natural sources as resuspension of soil and crust elements by wind erosion,
including desert dust episodes, sea salts aerosol, volcano eruptions; b) anthropogenic sources from
mining, metallurgy, thermal power plants, road transport, domestic heating etc. In order to compare
the source strength of some of the analyzed in the present study elements the main three groups of
emission sources for twenty elements in the earth atmosphere are plotted, based on date given in
Lantzy&Mackenzie, 1979.
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Fig. 8. Main natural and antropogenic source emissions of metals in the world atmosphere
(Lantzy&Mackenzie, 1979).
The Al, Fe, Co, Mn are considered mainly of lithosphere origin. The industrial emissions of As, Cr,
Cu, Ni, Sn, Ti, Zn are prevailing. In years before ban of leaded gasoline consumption the auto
transport was the most important source of Pb to the atmosphere.
In the present study the first measured concentrations of Bromine in Sofia air are reported. The main
source of Br is CH3Br, known for its potential impact on stratospheric ozone. The tropospheric
lifetime of CH3Br based on its mixing ratio and its estimated total sink is 0.8 years (Seinfeld and
Pandis, 2006). Sources of CH3Br include use as a fumigant and as a leaded fuel additive, oceanic
production, biomass burning, and plant and marsh emissions. Correlation with the other halogen Cl in
PM10 February samples is weak positive (r=0.38). Higher concentrations are measured on the 9 and
13 of February, days with snow and weak wind with main East (E) and East-Southeast (ESE)
component and with relatively low PM10 concentration. The concentrations of Br measured in Sofia
PM10 are close to the reported Br concentrations in TSP in Germany (Lammel et al. 2002).
The concentration of some of the metals (Fig.8) and macro and micro elements determined in PM10
filters from February 2012 are presented in Fig, 9.
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Fig.9. Mean daily concenrations of some macro a), b) and and micro-elements/components c)-d) in
PM10 during experimental compaign in Sofia, February 2012.
While the macro elements can be analyzed in all of the PM10 samples, some of the microelements like
Sn and Sb are below limits of detection approximately in half of the campaign (Fig.9.f). Other
microelements, like Ni (Fig.9.e). are presented in only a few samples. More experimental data is
needed in order to evaluate source apportionment in such cases. High correlation is observed between
Ca and P concentrations (r=0.912); V and Ti (r=0.896), less in case of K and S (r=0.695). Variation of
elemental composition in 3 consecutive days with high PM10 values is shown in Fig.10. It is
important to note that the concentration is plotted in logarithmic scale.
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Fig.10. Elemental composition of PM10 filter samples in 3 days in February 2012.
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The concentrations of macro elements P, S, K, Ca, Fe are in the range of 100-1000 ng.m-3. In some
days the concentrations of Cu and are above 100 ng.m-3. The results for Pb concentration are
controversial. Comparison of the average elemental concentrations obtained in this study with the
corresponding values reported in the literature for other urban areas is summarized in Table 1.
Table 1. Mean daily concentration (ng/m3) of elements determined by EDXRF or other analytical
techniques in different urban regions and in various sampling years
Reference/
Elements

This
work

Year

2012

Site

*

Sofia

Tecer L.H., et al. 2012
2005
*

2008

Zangul Izmir
dak

Muránszky et
2011

2006

2007-

Barselona

Athens

20002004

al. Aldabe J.et al. 2011

2000

2009

2005

Viena

Iturrama,
Spain

Edinburgh

Budapest

P

534

36.7

S

976

Cl

117

K

260

Ca

338

Ti

69

V

9

Cr

8

7.5

26.4

8.2

18.3

6.89

0.79

2.81

2

Mn

60

20

29.2

22.8

35.1

26.8

6.7

6.9

3

Fe

357

483

921

4306

2115

181

Ni

38

5.9

15.8

7.3

14.2

2.7

1.6

2.2

3

Cu

43

121

44.6

48

40.6

37.3

11

26.8

5

Zn

102

84

288

97

53.5

35

29.3

13

Br

24

Rb

7

Sr

23

Zr

7

Cd

6

Sn

9

Sb

6

I

3

Ba

10

Pb

75

407

462

58

83

17.1
3

1.78

0.8
4.6

1.15

0.04
2.9

8.2

2.5

18.9
19.2

140

57

79.2

30.4

22.1

3.33

14

Data for Sofia are representative for winter time, mean values can vary in other seasons.
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The results presented in Table 1 show that the PM10 concentrations of crustal elements, such as Fe, K,
and Ti, are comparable with the corresponding values reported for other sites. In general, the
concentrations of anthropogenic elements (except Cd) are comparable with the values reported in
other similar studies. Furthermore, the concentrations of Cd, Ni, Mn and Sr are found to be
significantly higher than those reported for other European cities. The main reason is that these are
typical winter values, not annual average. This may be related also to the different geochemical
background of the region and to the previous human activity in the Sofia valley, for example postoperational impact of Kremikovtzi plant and remaining tailings. This could also point to number of old
vehicles in use. Integral atmospheric deposition estimation based on trace elements in mosses has
shown considerably higher concentrations in moss samples collected in Bulgaria and Balkan countries
than those observed in other European countries (Marinova e al. 2010).
If compared to the EU and WHO limits it should be noted that Ni average concentration is above the
limit of 20 ng.m-3 (European Council Directive 1999/30/EC ), due to the high concentration measured
on one particular day 19.02.2012 and the fact that in more filters concentrations were bellow DL and
not taken into account in averaging. The concentrations of vanadium, lead, manganese and cadmium
were below guide values provided by the WHO 2000. Mean concentrations, determined in this study
are higher than monthly average in remote and rural Ahtopol, Rozhen, and Malyovitsa Bulgarian sites,
reported by Wiman et al 2007.
4. CONCLUSIONS
Similar seasonal variations of mean quaternary PM10 concentration in all of the Sofia urban air
quality monitoring stations are registered with a maximum during the cold period of the year and
minimum in summer. High correlation is measured between 24-hours average and monthly mean
values for stations Drujba, Nadejda, Pavlovo and the NIMH station.
The highest 24-hours PM10 concentrations are registered in winter (February 2012) in anticyclonic
weather, when calm conditions are prevailing during all hours of synoptic observations.
The ED –XRF technique is successfully applied, for the first time in Bulgaria, to measure up to 24
elements P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn Br, Rb, Sr, Y, Zr, Cd, Sn, Sb, I, Ba, Pb in filter
samples of the PM10 aerosol fraction.
The first reported results about elemental composition of the PM10 in the region of Sofia in 2012 do
not present a significant level of attention from a toxicological point of view.
Further experimental campaigns are planned in order to obtain more data about elemental composition
of atmospheric particulate, including PM10, which could be used for source apportionment models
application.
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ATMOSPHERIC DEPOSITION OF LONG-LIVED BETA RADIONUCLIDES OVER
THE TERRITORY OF BULGARIA DURING THE LAST DECADES
Blagorodka S.Veleva
National Institute of Meteorology and Hydrology, NIMH-BAS,
Tsarigradsko sh. 66, Sofia

Abstract
The sources of atmospheric radioactivity are discussed and compared. Radon isotopes and their
daughters’ dominate the natural background of beta activity in the surface air. The man-made
radionuclides, much of them beta emitters, started to contaminate regionally and globally the
environment after 1940’s due to the atmospheric nuclear bomb tests. Additional significant sources of
technogenic radionuclides in the atmosphere were nuclear accidents with pronounced examples of
Chernobyl and Fukushima. The Bulgarian network for atmospheric radioactivity monitoring has been
developing since 1959 in the frame of the state Hydro-meteorological service, now National Institute
of Meteorology and Hydrology. It includes daily measurements of aerosol beta activity and deposition
immediately and 120h after the sampling. The time and space variations of deposited beta activity,
based on long term data records are presented and impact assessment of the different sources is given.
The role of precipitation in deposition of radionuclides is evaluated.
Key words: atmospheric radioactivity, deposition, nuclear tests, nuclear accidents, beta radiometry
1. INTRODUCTION
The human being and the biosphere have lived with the environmental radioactivity since Earth exists.
Furthermore the levels of natural radioactivity in present days are lower than in the past because of the
radioactive decay of the primordial radionuclides with the accompanied activity of their daughters.
Since the discovery of artificial radioactivity in 1934 by Marie and Frederic Curie, the start of
operation of the first nuclear reactor in Chicago 1942, and the first nuclear explosion, 1945 a great
number more than 2500 of man-made radionuclides have been produced, between them with a halflife time 1/2 > 1 hour - more then 550. Part of the man-made radionuclides was dispersed in the
environment because of the military use, operational or accidental releases.
The main source of radioactive contamination of the atmosphere remains the radioactive fission and
fusion product from the nuclear tests in the atmosphere. There were altogether 543 tests (UNSCEAR
2008). Many countries initiated surveillance programmes for environmental radioactivity due to the
intense atmospheric testing of nuclear weapons. In Bulgaria the state Hydrometeorological service,
now NIMH, started to develope monitoring programmes for atmospheric radioactivity in the late
1950s. The main reason was the in-depth understanding of the various atmospheric processes having
an influence on the transport, concentration and deposition of airborne radionuclides. Meteorological
stations were often operating with a 24/7 working scheme, which was important due to the limited
number of automated instruments available. Comparative assessment of the airborne radioactivity in
Bulgaria and Finland, the global bomb fallout variations and Chernobyl accident contamination is
previously discussed in Paatero et al., 2008,Veleva et al. 2010, etc.
Nowadays the atmospheric radioactivity is dominated by the radon emanation from the earth crust
(soil, rock) and radon short lived daughters, usually attached to the aerosol particulates. The nuclear
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power reactors are the dominant producers of the man-made radioactivity and therefore the nuclear
safety and radiation protection of the people and the environment are of great concern. In normal
operation conditions the emissions through ventilation and stacks are limited by regulations in order
not to exceed a limit, 1mSv.y-1 in Bulgaria, for members of public from all artificial radioactive
sources and pathways (Act on the Safe Use of Nuclear Energy, 2012).
The production of radioactivity is a function of the energy produced in the reactor, which is the
product of the reactor power output and operating time. A typical operating 1000 MWe light water
reactor (LWR) will contain about 5.55 x 1020 Bq of activity, mostly short lived fission gases during
operation; the activity will have decreased several times within few seconds after shutdown. In case of
nuclear accident part of this activity might be relesed to the environment. The radioactive releases as a
result of the major radiation accidents are summarized in the Table 1, following Dreicer et al., 1996;
Kathren, 1984; UNSCEAR 1982, 1993, 2008, http://www.kantei.go.jp.
Table 1. Chronology of the accidents with off-site releases of radionuclides to the environment and
atmosphere. The releases of Radioactive Noble Gases (RNG), 131I 137Cs are given in PBq (1.1015
Bq).
Accident

Data

Released radionuclides in PBq
RNG

Chelyabinsk-40 plutonium
plant, Kyshtym, USSR*

I-131

September
1957

Others

Cs-137
3.6 E-03

100 PBq
.
90

.
90

5.4 PBq Sr+ Y
Windscale
accident,
Northern England *

October
1957

14

SL-1 Reactor, Idaho falls,
USA *

January
1961

Rocky Flats plant, Denver,
USA

1969

Three Mile Island,

March 1979

77.7

Chernobyl NPP accident,
former USSR

26-April
1986

6533

Tokaimura nuclear fuel
processing plant, Japan

30.09. 1999

Fukushima, Dai -ichi NPP,
Japan

March 2011

133

0.74-1.2

0.046

0.2 TBq 90Sr
1.6 TBq 239Pu

Xe
2.6E-03

0.22 TBq Pu
5.55E-04

Unit 2, USA
133

1760

86

85

Xe+ Kr
~200 persons up to 21
mGy n,

11000
133

160

15

Xe

*the accidents at weapon production facilities
The values in the table above might be compared to the global release of 131I and 137Cs from
atmospheric nuclear weapon testing which was much higher, 675 000 PBq and 948 PBq respectively
(UNSCEAR, 2000).
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The composition and dynamics of the radioactive substances in the atmospheric layer in proximity to
the earth’s surface, is of biggest importance when assessing the danger to the man and the biota. For
measuring and monitoring the radioactivity and radiation background in this layer, most often at an
height of 10m, are located the different active and passive sampling devices, dosimeters and
radiometers.
2. EXPERIMENTAL
2.1. Methods for atmospheric deposition sampling
Measurement of the density of deposition of radionuclides on earth’s surface is of utmost importance
to the study of the processes of deposition, the evaluation of potential contamination of the soil and
plants, and therefore- the bioavailability of the radionuclides that transfer through the food chain.
To measure the atmospheric deposition different devices are used: a) collectors for wet depositiononly when precipitation is present; immediately after the precipitation starts, the hood is automatically
opened and the precipitation is collected in the reservoir beneath the hood; b)collectors for total
deposition (wet+dry): in containers or on an artificial surface; c) automatic combined sampling
devices, that switch between wet and dry deposition, depending on atmospheric conditions.
The measurement of the radioactivity of soil samples from a predetermined area is widely used to
evaluate the deposition of some radionuclides. The vivid example that characterizes the global fallout
in due to atmospheric nuclear tests through the deposited activity of plutonium in the soil is presented
in Hardy et al, 1973. The atlases of the concentration of 137Cs in the soils of Europe (De Cort, 1998)
and the European part of the former USSR (Izrael et al., 1998) provide an integral image of the spatial
inhomogeneity of the Chernobyl fallout. In more recent times, measuring of 129I is used to recover the
field of deposition and concentration of 131I. (Mironov et al., 2002; Straume et al., 2006).
Another method used is an evaluation of the radioactivity deposited over the vegetation cover through
plant samples knowing the density of the plant mass and following established methods (IAEATECDOC-1616, 2009).
In the atmospheric radioactivity monitoring network of NIMH the following sampling techniques are
used:
The 24 hour precipitation, collected in a cylindrical container with a surface area of
0.2-1.0 m2 is sampled at 6:00 GMT. The container is washed every day with distilled water to
avoid influence of dry deposition in dry periods. The aliquot of 0.250l is evaporating slowly in
a glass beaker to a few ml and then transferred to aluminum plate and evaporated to dry
residue. Few ml of distilled water are used to wash the beaker, added and evaporated in Al
plate.
The total (wet+dry) weekly and monthly fallout is collected in cylindrical containers at
a height of 1m above the ground with the vessel bottom covered with distilled water. The
sampling of “weekly fallout” is done every Thursday and of monthly fallout - on every 1 st date
of the month. The processing of the liquid sample is the same as for the daily precipitation
water samples.
In addition, the network for deposition on the planshet samplers, S=0.3m2, covered
with cotton material was in use in Bulgaria (Antonov et al., 1992), but because of the ashing
of the sample its efficiency for volatile elements is limited.
The samples are measured usually 3-4 hours after sampling and treatment for short lived beta and after
120 hours for long-lived, man made beta emitters and lead-210. The uncertainty due to the radiometry
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is estimated to be in the range of 6-7% for periods with higher concentrations (activities) and up to
50% in periods of low concentrations.
According to Alexandrov et al, 1965, the effectiveness of capture of radioactive aerosol on the gauze
over the plate-table compared to a cuvette with a bottom covered with water is 70% in days with no
precipitation, 50% when the daily precipitation is up to 1mm/day, 40% when the precipitation is over
1mm/day and 70-80% when snowfall is present. Other evaluations of Bulgarian authors (Teneva,
1979) also suggest about 70% effectiveness of dry deposition compared to the so called “wet fallout’’.
In some experiments used to study the rate of dry deposition of radionuclides over crop, the deposition
on filter paper is used to evaluate the homogeneity of deposition in the experimental chambers
(Tschiersch et al, 2009).
A practice of double water samples treatment from fallout in containers was introduced in Sofia
Radiometric Laboratory for several years in order to check analyses reproducibility. The main factor
influencing results variability happened to be the human factor. The results differ 5 to 30% depending
on the person. There were 4 persons involved in this study.
In some specific experimental tasks (Veleva, 2004) the total fallout and precipitation samples are preconcentrated to a standardized volume of 50, 100, 250 or 450 3 in order to be measured by gammaspectrometry.
2.2. Measurement and analyses methods
Measurement of total beta activity of the atmospheric samples is widely used screening method for
radioactive airborne contamination with the technogenic radionuclides in many countries and in the
U (EU RP 161). For efficiency calibration of beta radiometers the standard sources of 90Sr ( 1/2 = 28
y, E max=546 keV) in equilibrium with daughter 90Y ( 1/2 = 64.24h, E max=2284 keV) are preferred
because of the broad energy range of the emitted beta particles. In some cases 40K calibration sources
are used (Grabowski et al. 1999) and in addition, in efficiency calibration 137Cs and 226Ra might be
applied (ISO 8769, 1988).
In regular operational work of NIMH radiometric laboratories the calculations are using following (1):

A k

(NS / tS

Nb / tb )
V

(1),

where
ts and tb are measurement times of sample and background respectively, in min,
Ns and Nb are respectively the measured number of counts of sample and background,
k is a conversion coefficient, that contains the efficiency of the calibration (1/ ) and units transition
(imp.min-1 to Bq. s-1).
In fallout calculation on planshet (“marlia”), with surface area Splan, deposited activity, Bq.m-2. t-1 is:
D planshet

k

( N S / t S N b / tb )
td .S plan

(2),

In calculations of fallout in containers with distilled water the activity is calculated with:
D fallout

D prec

( N S / t S N b / tb )
q.t d .S fal

(3),

( N S / t S N b / tb )
q.t d

(4),

k .Q

k .P
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where
Q is the total amount of sampled water from the container [l],
P is the daily precipitation quantity [l.m-2],
q is the analyzed aliquote, in [l]. q=0.25 l in case of precipitation, q=0.5 l for daily and weekly fallout.
3. RESULTS AND DISCUSSION
The study of the global radioactive contamination has been started soon after the first nuclear
explosions in the atmosphere. (Webb, 1949; UNSCEAR, 2000). A more detailed look at the early
history of this type of the research in Bulgaria can be found in Andreev, 2008.
The measurements of atmospheric radioactivity started at NIMH, Sofia, Bulgaria in 1958. The aerosol
and precipitation total beta activity was measured initially three days, and since 1965, five days after
the end of sampling when the short-lived 222Rn progeny have decayed into 210Pb and the 220Rn progeny
have decayed into stable lead. The measured total beta activity consists mainly of 210Pb/210Bi and
possible artificial beta emitters. During the years the monitoring station network expanded and since
1969 a network of 5 daily aerosol stations has been in operation; about 40 stations for daily fallout by
planshet method were in operation in late 70’s . In addition stations for monthly fallout surface and sea
waters were also put in operation.
The intensive work of this extended network helped to characterize Chernobyl fallout in Bulgaria
(CUAEPP 1986; Antonov et al., 1992; Veleva 2012).
3.1. Wet deposition of long lived beta radinuclides over the territory of Bulgaria.
The main method for atmosphere radioactivity monitoring and control is the beta-radiometry, since
most man-made biologically significant radionuclides are beta-emitters.
Depending on the activity and the type of the emitters of man-made beta radionuclides and the
atmospheric pollution over Sofia and around the country, there could be noted several periods, see
Fig.1:
A period of intensive nuclear tests in the atmosphere, July 1945- December 1962.
1963 is directly connected to this period, because of the intensive deposition of the products of
the intensive thermonuclear tests from the end of 1962, that were injected? in the strato- and
troposphere.
A period of sporadic tests in the atmosphere by France and China and a gradual clean
up of the stratospheric depo, October 1964- October 1980.
Periods of background concentrations: Januari 1982- April 1986 and after 1987, when
the long lived beta emitters are dominated by natural 210Bi and 210Pb.
Periods of big discharges in the atmosphere of fresh fission products in a result of
nuclear accidents: the accidents in the “Chernobyl” nuclear power plant, April 26th 1986 and
the “Fukushima”nuclear power plant (after the devastating earthquake on March 11th 2011)
which both received the highest 7th level on the International Nuclear Event Scale (IAEA,
1986, 1992, 2006, 2011).
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Figure 1. Monthly deposition by precipitation of long-lived beta emitting radionuclide, measured 120
hours after sampling in Sofia during theperiod 1959-2011 in Bq.m-2.
The maximum monthly deposited activity, measured in Bulgaria from 1959 until May 1 st 1986, before
Chernobyl, is in Sofia in July 1963 - 6735.1 Bq.m-2.month-1. Throughout the years, in the period of
global fallout, there are typical maximums in spring-summer (Teneva et al., 1982), when there is
intensive stratosphere-troposphere air masses exchange through the tropopause and the fission
products, injected from the powerful nuclear tests to the stratosphere then reenter the lower
atmosphere. The Chernobyl accident caused dispersion and deposition of a number of fission and
activation products, Table 1. The prevailing measured activity by gamma spectrometry is due to beta
decay of 95Zr, 99Mo, 103Ru, 106Ru, 125Sb, 131I, 132Te, 132I, 134Cs, 137Cs, 140Ba, 141Ce, 144Ce .
The highest monthly deposited total beta activity in Sofia, is 10504 Bq.m-2.month-1, measured in May
1986. Time variation of deposited by precipitation total beta activity show similar pattern to the
airborne beta activity of aerosol filters, reported in Veleva and Andreev, 2011.
A comparative analysis for the whole period after 1958, based on the data for precipitation
radioactivity, shows that the maximal daily and monthly deposited beta activities are registered in May
1986 in Southern Bulgaria. Taking into account the timeline of the global fallout in the Northern
Hemisphere (Bennett, 2002; Bergan, 2002) it can be argued that the deposited beta activities from
man-made radionuclides in May 1986 in the major part of Southern Bulgaria are the biggest monthly
deposited activities throughout the 20th century until now.
The long time database for the precipitations in Northern Bulgaria is available for Gramada station,
Fig. 2 b). The pollution from Chernobyl in Gramada, assessed by the monthly amount of deposited
beta activities in the precipitations, is less than for the period of the fallout from the nuclear tests in the
atmosphere. There are probably other places in Northern Bulgaria, especially those on the border of an
isoline <10kBq on the map for atmospheric depositions, introduced on the National Report for
Bulgaria (CUAEPP, 1986, Antonov, 1988) where the period 1962-1963 has higher deposited monthly
activity than the fallout from Chernobyl.
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Figure 2. Annual total beta deposition (120h) and annual precipitation sum in a) Sofia (1959-1998); b)
Karnobat (1962-1997), c) Gramada (1962-1993) and d) Varna (1962-1997).
The lower annual values in Karnobat in the years 1979-1985 might be explained with lower
resuspended activity from the soil, due to the agricultural activity and deep ploughing in this corn
production region.
3.2 Total deposition sampled as weekly fallout
This type of sampling, performed in Sofia, Plovdiv, Burgas, Varna and Pleven was applied succesfuly
in measurement of trace quantities of radionuclides released from Fukushima accident (Veleva, 2012).
The emissions of radioactive material to the atmosphere from Fukushima Dai-ichi reactors started on
March 12 with the hydrogen explosion on Unit 1, due to the loss of reactor cooling. On March 13 and
14 explosions occurred on Unit 2 and Unit 3. The emissions consist mainly of RNG and volatile
isotopes of Iodine, Cesium, Tellurium and releases continued till May. The contaminated air masses
crossed the Pacific ocean, North America, Atlantic and reached Europe.
A comprehensive investigation of the passage of the airborne radionuclides from Fukushima Dai-ichi
nuclear reactors over Europe is presented by Masson et al. 2011. The whole Northern hemisphere was
affected within 4 weeks after the accident and after April 13 the radioactive traces were detected in
South-East Pasific region – in CTBTO International Monitoring Stations (IMS) in Australia, Malaysia,
Fiji and Papua New Guinea (CTBTO 2011).
The trace quantities of 131I and 137Cs and 134 Cs were also measurable (above Minimum Detectable
Activity, MDA) in air particulate: in Finland since March 21 and in Bulgaria since March 23, first in
peak Mussala (J. Penev, personal communication) and since March 25 in Sofia (NCRRP 2011).
Comparative assessment of the trace contamination from Fukushima accident in Finland and Bulgaria
is presented in Paatero et al. 2012.
The variations of total short lived and long-lived beta activity of weekly fallout in 2011 is shown in
Fig.3.
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Figure.3 Weekly deposition of beta emitting radionuclides measured on the day of sampling (short
lived beta) and 5 days after (120h long lived beta), Sofia 2011.
3.3. Variations in total monthly deposition
The atmospheric radioactivity monitoring network of NIMH has operated 15-18 stations for monthly
fallout (by the method of a container with bottom covered with distilled water) since 1969 . A
multiannual comparison of data for the activity of monthly fallout from stations in Plovdiv and Varna
for the period 1969-2002 is shown on Fig.4.
If the values for May and June 1986 are taken out from the data set, the regression equation for the
follaut in Plovdiv and Varna for the period 1969-2002 could be obtained,:
DPlov = 2.2DVarna + 25.3, R2 = 0.1679; P<0.05.,
D is the total dry+wet deposition in Bq.m-2.month-1.

where

When interpreting the data for the monthly fallout it should be noted that the content of short-lived
beta radionuclides is strongly reduced, compared to the daily and weekly fallout, since the measuring
of the samples is done every 11th date of the month after the exposition.
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Figure.4. Deposited beta activity by monthly fallout samples in Plovdiv and Varna, 1969-2002 .
Before Chernobyl maximums are: Varna (March 1978) - 393 Bq/m2 ; Plovdiv (May 1971) - 3521
Bq/m2.
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A comparison between Plovdiv and Varna shows a statistically significant higher deposition in
Plovdiv. This could be explained with the dominance of the processes of resuspension of the already
deposited radionuclides in the region on Plovdiv, while in Varna the sea aerosol is depleted by both
man-made radioactive substances, which, once deposited on the sea surface are much faster mixed and
carried to the depth of the basin compared to the processes in the soils, and natural Radon daughters
beta radionuclides.
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Figure. 5. Monthly deposited total beta activity in mountain stations Musala,
vr. Botev and Cherni vrah, 1981-2004.
The highest monthly total long-lived beta activity was deposited on vr. Botev station in May 1986,
more then 350 kBq per square meter Fig.5. Because the monthly deposition is measured on 11th day of
month the activity of the short lived radionuclides deposited in the beginning of the collecting period
is decreased to less then 0.1% for 132Te, and to 2-3% for 131I for exmple. The elevated levels of
deposition continued through the rest of 1986 and in summer months of 1987 in Musala. High
monthly deposition is observed in June 1988 in all three stations, with Cherni vr. monthly value of 1.2
kBq. After this monthly deposition higher or close to 1 kBq.m-2.month-1 was only ocasionally
measured only in vr. Botev station – in June and July 1999, June 2001 and April 2006.
There is weak positive correlation (~0.30) between monthly deposition values on Musala, vr. Botev
and Sofia. Because the highest activity measured in 1986 is related to the sample taken on Cherni vrah
on 1st of May (April monthly fallout), there is no correlation with the deposition on peak Cherni vrah
and other peaks.
3.4. Deposition on the planshet
To obtain a more detailed picture in case of severe contamination during the Chernobil accident
analyses of daily deposition values in planshet samples is performed, see Fig.6 a) and b).
The depositions of total beta activity are highest in the period May 1-5 (from 8:00AM on the 1.05 until
6.05 8:00 LST). In the next 5-day period the activities are reduced several times and the field of
deposition becomes much more homogeneous. Only in the mountain stations at high altitude the
deposition for the period May 6-10 exceeds 7 kBq.m-2.
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Figure 6. Daily deposition on planshet April-May 1986: ) South- west Bulgarian stations ;
b) High mountain stations Cherni vr., Snejanka, Musala and vr. Botev .
A more detailed look on the daily deposited activities, assessed by the precipitations and by planshet
shows, that in most stations the values for the period May 1st -5th 1986 are higher, in some stations by
an order of magnitude, compare to the bomb fallout period. However in Northern Bulgaria probably in
some places, the deposited daily activities for 1986 and 1963 are similar (Veleva, 2012).
The isotopic composition of the planshet samples, where the volatiled elements are removed because
the sample ashing, show the prevailing activity of 132Te, 103Ru, 140Ba+140La in the early period of the
accidental contamination, Fig.7. The unhomogeneity of the Chernobyl fallout is cleary observed when
compare the 103Ru/132Te ratio in Cherni vrah samples from 0.53 on 1st to 1.14 on 2nd of May 1986.
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Figure 7. Gamma-emitting radionucludis in planshet samples from May 1986. (CUAEPP 1986)
The network of monitoring stations for planshet deposition is used in other radio-ecological tasks.
During the war in Yugoslavia in 1999, the maximal total beta value for this year is 2.0 Bq.m-2.d-1,
recorded on 18.04.1999 . This value is not much different from the maximal 2.4 2.12 Bq.m-2.d-1 for
the previous 1998 and the following 2000, which shows that the military actions in Yugoslavia did not
interfete with the total beta activity background in Bulgaria. The monthly variations of total beta
activity in planshet samples in three stations in the western part of the country is presented in Fig.8.
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Figure 8. Monthly averaged total beta activity by daily planshet samples in vrah Botev,
Cherni vrah and Sofia stations, 1999-2004.
Upon closer examination of the annual course of the deposited total beta activity in the mountainous
stations of high altitude on Cherni Vrah and Botev peaks a winter minimum is observed. An increase
of the deposited activities in the period of August-October for 5 out of 6 years is recorded, Fig.8. This
is mainly due to the snow cover in the winter months and the considerably smaller proportion of
resuspended dust on the ground in winter. A difference in yearly pattern is observed in 2000, which is
registered as the driest in the 20th century (Andreev et al, 2004).
The linear correlation between the monthly averages from the three stations, shown on Fig. 8 is weak,
but statistically significant. The correlation between the monthly averages and maximums is also
statistically significant.
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As mentioned, over time (5-15 years), the deposited activity of the radionuclides after the “Chernobyl”
power plant accident is redistributed in the soil column and the probability for resuspension of primary
radioactive contamination becomes smaller. In the absence of fresh radioactive emissions, the values
for concentration and deposition of 137Cs are most often under the minimum detectable activity. An
exception from the previous 10-year period for 137Cs was observed during March-April 2004. In the
mountain high altitude stations Cherni vrah, Botev and Moussala were detected daily deposited
activities, that were 2-3 times higher than registered in previous years, and the increase was also
detected in Sofia and Pleven (Veleva, 2012).
Table 2. Correlation coefficients and P-value (in brackets) of the mean monthly and maximum
monthly data values given in Fig.6 for stations Vrah Botev, Cherni vrah and Sofia.

Monthly mean

Vr.
Botev
Monthly
max.

Sofia
Monthly
max.

0.1030

0.6943

0.1295

(0.0182)

(0.3892)

(0.0000)

(0.2781)

1

0.4046

0.1037

0.0806

(0.0004)

(0.3858)

(0.5010)

Monthly mean

Monthly mean

Cherni vrah

Vr. Botev

Cherni vrah

Monthly max.

1

0.2776

Vr. Botev
Monthly mean

0.2776

Cherni vrah

(0.0182)

Monthly mean

0.1900

0.2352

0.2268

0.0596

0.6457

Sofia

(0.1099)

(0.0467)

(0.0554)

(0.6188)

(0.0000)

CONCLUSIONS
The atmospheric deposition of technogenic beta activity (total beta activity measured at 120h) during
the period of global radioactive fallout presents different space variation, more homogeneous both in
Northern and Southern Bulgaria, then in the case of the Chernobyl accident. The distinguished
increase of the deposited activities is observed at higher altitudes, the highest values are measured in
mountain peak stations samples. This is due not only to the amount, but also to the type of
precipitation.
Monitoring of airborne total beta activity has proved to be a reliable and a sensitive surveillance and
screening method. The network of operational meteorological stations assures the broad range in time
and space of atmospheric deposition sampling. The combination of sampling stations and radiometric
laboratories in NIMH network should be keep on going in the present days of aging nuclear power
reactors, non-zero probability of “dirty bomb” terrorism, and possible proliferation of nuclear weapons
in some states.
Acknowledgements: The author would like to thank the employees of NIMH for their devoted work in
monitoring stations for decades.
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Abstract
In 2011 the Yamalo-Nenents Autonomous Okrug provided 83.1 % of the annual Russian natural gas
and 7.1 % of oil production. It is one of the highest GHG per capita emitters, largely as a result of its
climate (i.e. energy demands due to cold climate) and resource-based economy. In 2012 a regional
GHG inventory for the Yamalo-Nenents Autonomous Okrug was conducted. The inventory was
intended to establish a snapshot of the region’s greenhouse gas emission sources in order to elaborate
environmental policy that can have the greatest effect in reducing GHG emissions. It was found that
the majority of these emissions results as fugitive methane emissions from natural gas and oil systems.
GHG emission inventory results are the element of a regional web-based decision support system for
air quality management.
Key words: Russia, Yamalo-Nenents Autonomous Okrug, greenhouse gases inventory, GIS-based
decision support system
1 INTRODUCTION
The Yamalo-Nenets Autonomous Okrug (YANAO) is one of 83 federal subjects of Russia. It is
located in the arctic zone of the West-Siberian Plain. It has an area of 750 300 sq km (Rosstat 2004 ),
or 1.5 times the size of France. More than 50% of the Yamalo-Nenets Autonomous Okrug lies north of
the Arctic Circle; its northernmost continental point is located at 73° north latitude, Fig. 1.
The Yamalo-Nenets Autonomous Okrug is divided into seven administrative districts and seven
towns. It has a population of about 522 000, including 32 000 native people (Rosstat, 2011). The
capital is the town of Salekhard, which is located exactly at the Arctic Circle.
The Yamalo-Nenets Autonomous Okrug is a resource-producing region. The oil and gas industry is
the leading economic sector, with a 93% share in total industrial production. The strategic and
economic importance of the YANAO’s hydrocarbon energy resources is extremely high. In 2011 the
Yamalo-Nenents Autonomous Okrug provided 83.1 % of the annual Russian natural gas and 7.1 % of
oil production. The region is of utmost importance to the Russia's largest company “Gazprom”, whose
main gas fields are located there. Heavy industries and manufacturing are practically absent in the
YANAO. Owing to the severe climate, agriculture in the region is limited to reindeer herding, hunting,
fishing, and fur farming; reindeer herding accounts for 92.2% of all agricultural production.
The YANAO is one of the highest per capita GHG emitters in the World, largely as a result of its
climate (i.e. energy demands due to cold climate) and resource-based economy. The extraction of
hydrocarbon energy resources is the main generator of greenhouse gases.
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Fig. 1. Yamalo-Nenets Autonomous Okrug
2 INVENTORY METHOD
There is consensus within the global scientific community that the earth’s climate is changing due in
large part to the abundance of greenhouse gases in the atmosphere. The global concentrations of
GHGs have increased markedly as a result of human activity. If steps are not taken to reverse these
trends, the increased levels of greenhouse gases in the atmosphere are expected to have severe adverse
effects on natural and human systems. The development of GHG management strategy also involves
the development of an emission inventory.
In 2012 a regional GHG inventory for the YANAO was conducted. The purpose of conducting this
project was to measure the amount of GHG emissions occurring in the YANAO and determine which
sources emit the greatest amount of GHG emissions. This is a substantial first step in order to
elaborate environmental policy that can have the greatest effect in reducing GHG emissions and
provides a baseline for comparison and quantification of proposed emissions mitigation actions.
This project provides GHG emission estimates for the three primary greenhouse gases: carbon dioxide
(CO2), methane (CH4), and nitrous oxide (N2O). Emissions of the various GHGs were added together
and presented as carbon dioxide equivalent (CO2e) emissions – a sum which includes the quantity of
each GHG weighted by a factor of its effectiveness as a GHG, using CO2 as a reference. This factor of
effectiveness is called a global-warming potential (GWP). A GWP is a relative measure of how much
heat a greenhouse gas traps in the atmosphere. It compares the amount of heat trapped by a certain
mass of the gas in question to the amount of heat trapped by a similar mass of carbon dioxide. A GWP
is calculated over a specific time interval, commonly 100 years. GWP is expressed as a factor of
carbon dioxide (whose GWP is standardized to 1). For example, the 100 year GWP of methane is 21,
which means that if the same mass of methane and carbon dioxide were introduced into the
atmosphere, that methane will trap 21 times more heat than the carbon dioxide over the next 100
years. A GWP of nitrous oxide is 310.
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This inventory estimated GHG emission for the 2011 base year, but for some categories data for the
nearest available year were used. The GHG inventory project also estimates GHG emissions for the 14
administrative subjects of the YANAO (seven towns and seven administrative districts), allowing
local authorities the ability to conduct their own mitigation planning. Furthermore, GHG emission
inventory results are the element of a developed regional GIS-based decision support system for air
quality management.
In 2006 the Intergovernmental Panel on Climate Change (IPCC) developed the 2006 IPCC Guidelines
for National Greenhouse Gas Inventories (IPCC 2006). The methodology for GHG inventory in the
YANAO is based on the 2006 IPCC Guidelines and on practices which are currently accepted in
Russia.
The most common simple methodological approach is to combine information on the extent to which
a human activity takes place (called activity data or AD) with coefficients which quantify the
emissions or removals per unit activity. These are called emission factors (EF). The basic equation is
therefore:
Emissions = AD×EF
For example, in the energy sector fuel consumption would constitute activity data, and mass of carbon
dioxide emitted per unit of fuel consumed would be an emission factor.
IPCC methods use the concept called Tier. A tier represents a level of methodological complexity.
Usually three tiers are provided. Tier 1 is the basic method, Tier 2 intermediate and Tier 3 most
demanding in terms of complexity and data requirements. Tiers 2 and 3 are sometimes referred to as
higher tier methods and are generally considered to be more accurate.
The Tier 1 method is fuel-based, since emissions from all sources of combustion can be estimated on
the basis of the quantities of fuel combusted (usually from national energy statistics) and average
emission factors. Tier 1 emission factors are available for all relevant direct greenhouse gases. The
quality of these emission factors differs between gases. For CO2, emission factors mainly depend upon
the carbon content of the fuel. Combustion conditions (combustion efficiency, carbon retained in slag
and ashes etc.) are relatively unimportant. Therefore, CO2 emissions can be estimated fairly accurately
based on the total amount of fuels combusted and the averaged carbon content of the fuels. However,
emission factors for methane and nitrous oxide depend on the combustion technology and operating
conditions and vary significantly, both between individual combustion installations and over time. Due
to this variability, use of averaged emission factors for these gases, that must account for a large
variability in technological conditions, will introduce relatively large uncertainties.
In the Tier 2 method for energy, emissions from combustion are estimated from similar fuel statistics,
as used in the Tier 1 method, but country-specific emission factors are used in place of the Tier 1
defaults. Since available country-specific emission factors might differ for different specific fuels,
combustion technologies or even individual plants, activity data could be further disaggregated to
properly reflect such disaggregated sources. If these country-specific emission factors indeed are
derived from detailed data on carbon contents in different batches of fuels used or from more detailed
information on the combustion technologies applied in the country, the uncertainties of the estimate
should decrease, and the trends over time can be better estimated.
In the Tier 3 methods for energy, either detailed emission models or measurements and data at
individual plant level are used where appropriate. Properly applied, these models and measurements
should provide better estimates primarily for non-CO2 greenhouse gases, though at the cost of more
detailed information and effort.
Under the 2006 IPCC Guidelines greenhouse gas emission estimates are divided into main sectors,
which are groupings of related processes, sources and sinks:
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-

Energy
Industrial Processes and Product Use
Agriculture, Forestry and Other Land Use
Waste
Other (e.g., indirect emissions from nitrogen deposition from non-agriculture sources).

Each sector comprises individual categories (e.g., transport) and sub-categories (e.g., cars). In the
YANAO inventory project the following sectors and individual categories were considered.
Energy:
- Emissions from stationary and mobile fossil fuel combustion
- Fugitive emissions from oil and gas activities.
Agriculture, Forestry and Other Land Use:
- Methane emissions from enteric fermentation
- Methane and N2O emissions from manure management.
Waste:
- Solid waste disposal
- Wastewater treatment and discharge.
«Industrial Processes and Product Use» sector was excluded from the consideration because there are
no such industries as metallurgical industry, chemical industry, and cement production on the territory
of the YANAO.
3. INVENTORY RESULTS
3.1 Energy
According to the 2006 IPCC classification the «Energy» sector includes emissions of GHGs
originating from energy activities (fuel combustion for energy purposes, and emissions connected with
leakages). The IPCC methodology for calculating energy-related emissions consists of two parts:
- Calculation of emissions from combustion of fuels, and
- Estimation of fugitive emissions.
3.1.1 Emissions from fossil fuel combustion
The 2006 IPCC Guidelines estimate emissions of all GHGs related to combustion of all types of fuels
during any human economic activity. GHG emissions related to biomass combustion (wood, wood
wastes, etc.) are not included in the total emissions number.
According to IPCC methodology, there are two levels of consideration with respect to combustion of
fuels:
- Source Categories Approach – estimation of emissions is based on the combustion of fuels in
different sectors of the economy; and
- Reference Approach – estimation of emissions based on gross amounts of fuel combustion.
Emissions of greenhouse gases related to fuel combustion for energy needs of the YANAO on the base
of the Source Category Approach were estimated by 17 source categories and sub-categories taking
into account annual data on total consumption of 12 types of fuel in compliance with
recommendations and classifications proposed in the 2006 IPCC Guidelines and using energy balance
information and fuel consumption data available from the special statistical forms (“11-fuel resources”
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containing data on annual consumption of specific fuels measured in standard fuel units). For all types
of fuel, the estimates are based on the emission factors recommended by the 2006 IPCC Guidelines.
According to the Reference Approach, GHG emission is estimated based on the data of total
consumption of different types of fossil fuels in the region (the data are not split by particular sectors
and/or technologies). On the base of this approach GHG emissions were estimated for all 14 municipal
units of the Autonomous Okrug (seven administrative districts and seven towns) and for the YANAO
in whole. Data from the special statistical forms (“4-fuel resources” containing data on annual
consumption of specific fuels measured in physical units) were used as the main sources of
information, 14 types of fuel were taken into account. The combination of Tier 2 (for coal combustion)
and Tier 1 (for all other fuels) methods was applied: information on annual consumption of different
kinds of coal in physical units (metric tons) was converted to standard fuel units with the help of an
energy conversion factor for each kind of coal.
It was found that the total amount of GHG emissions in CO 2 equivalent based on source categories
cover 71% of emissions assessed by the Reference Approach. The reason is that the “11-fuel
resources” statistical forms contain data on consumption of not all types of fuels and do not contain
information on fuel consumption by small businesses. In addition, the “11-fuel resources” statistical
forms contain data on consumption of fuel in the YANAO in whole; the data are not split by particular
municipal units. So, it was the Reference Approach which was used for the YANAO GHG inventory
in the “Energy” sector. Estimated GHG emissions are presented in Table 1.
Table 1. GHG emissions from fossil fuel combustion in 2011, Gg CO2 equivalent
Administrative Divisions

CO2

CH4

N2O

GHG Total

Towns under the autonomous okrug’s jurisdiction
Salekhard

545.7

0.2

0.5

546.4

Gubkinsky

140.3

0.1

0.3

140.7

Labytnangi

351.4

0.2

0.5

352.1

Muravlenko

248.2

0.1

0.2

248.5

Nadym

2796.8

1.3

2.5

2800.6

Novy Urengoy

1841.8

1.0

2.4

1845.2

Noyabrsk

1113.0

0.5

1.0

1114.4

Districts
Krasnoselkupsky

220.3

0.1

0.3

220.7

Nadymsky

4504.5

1.8

2.8

4509.0

Priuralsky

183.4

0.1

0.4

183.9

Purovsky

6480.5

2.6

4.1

6487.1

Shuryshkarsky

85.4

0.0

0.3

85.8

Tazovsky

270.1

0.2

0.4

270.7

Yamalsky

587.2

0.4

1.1

588.8

TOTAL

19368.4

8.7

16.8

19393.9
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3.1.2 Fugitive emissions from oil and natural gas activities
The YANAO is one of the biggest natural gas producers in the world and one of the biggest oil
producers in Russia. The share of the oil and natural gas sector in the generation of GHG emissions is
very significant.
The primary sources of these emissions may include fugitive equipment leaks, evaporation losses,
venting, flaring and accidental releases. Fugitive emissions are a direct source of greenhouse gases due
to the release of methane (CH 4) and formation carbon dioxide (CO2) (i.e., CO2 present in the produced
oil and gas when it leaves the reservoir), plus some CO2 and nitrous oxide (N2O) from non-productive
combustion activities (primarily waste gas flaring).
Fugitive emissions from oil and natural gas systems are often difficult to quantify accurately. This is
largely due to the diversity of the industry, the large number and variety of potential emission sources,
the wide variations in emission-control levels and the limited availability of emission-source data. The
main emission assessment issues are:
- The use of simple production-based emission factors introduces large uncertainty;
- The application of rigorous bottom-up approaches requires expert knowledge and detailed
data that may be difficult and costly to obtain;
- Measurement programmes are time consuming and very costly to perform.
There are three methodological tiers for determining fugitive emissions from oil and natural gas
systems. In this project GHG emissions are calculated in Tier 1 approach. Tier 1 comprises the
application of appropriate default emission factors to a representative activity parameter (usually
throughput) for each applicable segment or subcategory of the regional oil and natural gas industry.
The applied Tier 1 emission factors are based on default emission factors recommended by the 2006
IPCC Guidelines for developing countries and countries with economies in transition. A Tier 1
approach is the simplest method to apply but is susceptible to substantial uncertainties. Ranges in
values of emission factors presented in the 2006 IPCC Guidelines may easily be in error by an orderof-magnitude or more. Therefore emission factors used in this work were calculated as the geometric
mean from the upper bound and lower bound of values of emission factors presented in the 2006 IPCC
Guidelines.
Official publications of the regional division of the Federal State Statistics Service and of the regional
Environmental Protection Department were used to obtain data on volumes of oil and gas production.
Data which refer to 2011 or the most recent year available was used. Oil and natural gas are produced
in the territory of five administrative districts of the YANAO; estimated GHG fugitive emissions for
these districts and for the YANAO in whole are presented in Table 2.
Table 2. Fugitive emissions from oil and natural gas activities, Gg CO2 equivalent
Administrative Districts

CO2

CH4

N2O

GHG Total

75.3

258.7

0.4

334.3

Nadymsky

1191.4

11714.5

5.6

12911.5

Purovsky

3165.5

26198.0

14.9

29378.4

Tazovsky

583.4

13788.3

2.6

14374.3

Yamalsky

2.8

33.6

0.0

36.4

TOTAL

4108.3

52015.7

19.0

56142.9

Krasnoselkupsky
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3.2 Agriculture, Forestry and Other Land Use
Important local peculiarity of the YANAO is the fact that two absolutely different types of culture and
economy coexist in this region: gas and oil production on the one hand, and traditional activities of
indigenous peoples of Extreme North on the other hand. The largest in the world livestock of reindeers
is herded there.
Animal production systems, particularly those with ruminant animals, can be significant sources of
greenhouse gas emissions. For example, enteric fermentation in the digestive systems of ruminants
leads to production and emission of CH4. Management decisions about manure disposal and storage
affect emissions of CH4 and N2O, which are formed in decomposing manures as a by-product of
methanogenesis and nitrification/denitrification, respectively.
GHG emissions from livestock and manure management were calculated in Tier 1 approach in
accordance with the procedure described in Volume 4 of the 2006 IPCC Guidelines. Information about
annual average reindeer populations in administrative districts of the YNAO was obtained from the
regional division of the Federal State Statistics Service. Results are presented in Table 3.
Table 3. GHG emissions from livestock and manure management, Gg CO2 equivalent
Administrative Districts

CO2

CH4

N2O

GHG Total

Krasnoselkupsky

0.0

0.8

0.0

0.8

Nadymsky

0.0

19.3

0.0

15.0

Priuralsky

0.0

30.4

0.0

30.4

Purovsky

0.0

15.0

0.0

15.0

Shuryshkarsky

0.0

9.2

0.0

9.2

Tazovsky

0.0

92.4

0.0

92.4

Yamalsky

0.0

138.6

0.0

138.6

TOTAL

0.0

306.0

0.0

306.0

3.3 Waste
In the YANAO inventory project two individual categories were considered in the “Waste” sector:
- Solid waste disposal; and
- Wastewater treatment and discharge.
Typically, CH4 emissions from solid waste disposal sites (SWDS) are the largest source of greenhouse
gas emissions in the Waste Sector. CH4 emissions from wastewater treatment and discharge may also
be important. Nitrous oxide is produced in most wastewater treatments; the importance of the N2O
emissions varies much depending on the type of treatment and conditions during the treatment.
GHG emissions from SWDS and wastewater treatment were calculated in Tier 1 approach in
accordance with the procedure described in Volume 5 of the 2006 IPCC Guidelines. Population size in
administrative divisions was used as the activity parameter. Results of the estimation of GHG
emissions in the “Waste” sector are presented in Table 4.
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Table 4. GHG emissions in the “Waste” sector, Gg CO2 equivalent
Administrative Divisions

CO2

CH4

N2O

GHG Total

Towns under the autonomous okrug’s jurisdiction
Salekhard

0.0

18.4

1.3

19.7

Gubkinsky

0.0

10.0

0.7

10.7

Labytnangi

0.0

15.2

1.1

16.3

Muravlenko

0.0

16.4

1.1

17.5

Nadym

0.0

21.3

1.5

22.8

Novy Urengoy

0.0

52.3

3.6

55.9

Noyabrsk

0.0

48.8

3.4

52.2

Districts
Krasnoselkupsky

0.0

0.0

0.2

0.2

Nadymsky

0.0

5.3

0.7

6.0

Priuralsky

0.0

0.0

0.3

0.3

Purovsky

0.0

13.1

1.5

14.6

Shuryshkarsky

0.0

0.0

0.3

0.3

Tazovsky

0.0

3.0

0.5

3.5

Yamalsky

0.0

0.0

0.5

0.5

TOTAL

0,0

201,5

16,3

217,8

Summarized estimation results of the YANAO’s GHG emissions are presented in Table 5.
Table 5. YANAO’s GHG emissions, Gg CO2 equivalent
Greenhouse Gas Emission Sectors

CO2

CH4

N2O

GHG Total

TOTAL

23477

52532

52

76061

ENERGY

23477

52024

36

75537

a.

Fossil Fuel Combustion

19368

9

17

19394

b.

Fugitive Sources

4108

52016

19

56143

INDUSTRIAL PROCESSES

-

-

-

-

AGRICULTURE

0

306

0

306

a.

Enteric Fermentation

0

301

0

301

b.

Manure Management

0

5

0

5

WASTE

0

202

16

218

a.

Solid Waste Disposal on Land

0

202

0

202

b.

Wastewater Treatment

0

0

16

16
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A brief overview of the details and data quality shows the following conclusions.
The Energy Sector is responsible for the largest CO2 emissions in Russia. Situation in the YANAO is
more impressive: the Energy Sector is responsible for 99.3% of total GHG emissions. But if in Russia
the fuel combustion for energy needs makes the greatest contribution to the GHG emissions, in the
YANAO the majority of GHG emissions result as fugitive methane emissions from natural gas and oil
systems. It was found that the total amount of GHG emissions in CO 2 equivalent in the “Fossil Fuel
Combustion” sub-sector cover only 35% of emissions in the “Fugitive Sources” sub-sector.
Table 6 shows where YANAO administrative districts and towns stand with regard to GHG emissions.
It gives a representative picture of contributions by different regions to the total GHG emissions in the
YANAO. A comparative analysis of the regional structure of anthropogenic GHG emissions (and
sinks) may be helpful in identifying priority strategies and partners for activities aiming at reduction of
anthropogenic GHG emissions in the frameworks of both the YANAO and national policy settings.
Table 6. GHG emissions by administrative districts and towns, Gg CO2 equivalent
Administrative Divisions

CO2

CH4

N2O

GHG Total

Towns under the autonomous okrug’s jurisdiction
Salekhard

85,4

9,2

0,6

95,3

Gubkinsky

140,3

10,1

1,0

151,4

Labytnangi

351,4

15,4

1,5

368,3

Muravlenko

248,2

16,5

1,4

266,0

Nadym

2796,8

22,6

3,9

2823,3

Novy Urengoy

1841,8

53,4

6,0

1901,2

Noyabrsk

1113,0

49,3

4,3

1166,6

Districts
Krasnoselkupsky

295,5

259,6

0,8

556,0

Nadymsky

5695,9

11741,3

9,0

17446,2

Priuralsky

183,4

30,6

0,6

214,6

Purovsky

9645,9

26228,6

20,5

35895,0

Shuryshkarsky

85,4

9,2

0,6

95,3

Tazovsky

853,5

13883,9

3,5

14741,0

Yamalsky

590,0

172,6

1,6

764,2

4 AIR QUALITY MANAGEMENT DECISION SUPPORT SYSTEM
GHG emission inventory results are the element of a regional web-based integrated air quality
management decision support system (AQMDSS). The AQMDSS integrates tools for emissions
inventory development and processing, and geospatial data analysis. The AQMDSS is based on a
three-tier model of interaction “client – network (Web) applications – database server”. Such
architecture allows users to have an access to particular functions of application server rather than to
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the database itself. It increases protection of the system against both external threat and possible
mistaken actions of staff.
A geographical information system (GIS) is a management support tool that permits the decision
maker to view and analyze spatial information about air pollutants emissions (emissions inventory
data) which is available in corresponding layers of electronic maps (Fig. 2 and Fig. 3). The spatial data
interface provides for browsing through maps with the option of turning off separate layers,
performing scaling and doing interactive queries to the tabulated data about the map object stored in a
corresponding part of the data base. If the objects have initial documents, quick references to these
documents are provided for review or retrieval purposes.
The e-map service can be based on any open mapping systems like Google; Yahoo; Bing (Microsoft)
which may be used free of charge on certain conditions.

Fig. 2. GHG emissions from oil and natural gas production by oil and gas fields in 2011
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Fig. 3. GHG emissions from petroleum gas production by administrative districts in 2011
CONCLUSION
In 2012 a regional GHG inventory for the YANAO was conducted. The purpose of conducting this
project was to measure the amount of GHG emissions occurring in the YANAO and determine which
sources emit the greatest amount of GHG emissions. It was found that the YANAO is one of the
highest per capita GHG emitters in the World, largely as a result of its climate (i.e. energy demands
due to cold climate) and resource-based economy. The extraction of hydrocarbon energy resources is
the main generator of greenhouse gases. This inventory is a substantial first step in order to elaborate
environmental policy that can have the greatest effect in reducing GHG emissions and provides a
baseline for comparison and quantification of proposed emissions mitigation actions. The inventory
results are one of the core elements of the regional air quality management decision support system. A
GIS-based decision support system for air quality management was designed and developed in the
Institute of Industrial Ecology for particular needs of the YANAO. The AQMDSS includes a
centralized database with emissions inventory data, tools for managing data, and exhibition of spatial
data. The AQMDSS can be easily expanded to include additional modules and data elements and has
been built to minimize costs to users by using publicly available software as much as possible.
Nowadays, the AQMDSS is put into operation in the environmental department of the Yamalo-Nenets
Autonomous Okrug.
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Abstract
A new approach for assessment of the damage cost from the decrease of life expectancy in the result of
exposure to environmental negative factors or from other natural and unnatural causes of death is
suggested. In contrast to the most existing approaches, based on the utility theory, this method is
based on the use of the human development index. The damage cost from different causes of death is
interpreted as the increase of the gross national income per capita, sufficient to compensate the
decrease of life expectancy at birth, so that the human development index of a country remains
constant. Use of suggested approach allows comparison of life expectancy losses due to different risk
factors, setting priorities, and evaluating the benefits of specific measures.
Key words: damage from decrease of life expectancy, damage from different causes of death, human
development index
1 INTRODUCTION
More than ever before, our society must face numerous risks, notably in spheres such as health, the
environment, natural disasters, transportation, as well as occupational safety. It is useless to nourish
the utopian thought that all these risks must be completely eliminated, for government actions are, of
course, hemmed in by budgetary constraints. Public authorities must thus figure out the optimal budget
for each project aimed at reducing risks.
Cost-benefit analysis is a very popular project-evaluation tool. What the government has to do from a
national perspective is to set up projects or regulations whose benefits will outweigh the costs of their
implementation. It is usually quite easy to determine costs. But how to evaluate the benefits linked to
protecting a human life is a very controversial topic (Bellavance, Dionne & Lebeau 2006).
It is rather common to use the cost-of-death framework to quantify the costs of different life risk
factors (diseases, accidents etc) in monetary terms. Cost-of-death studies estimate the burden of death
on society or parts of society.
Cost-of-death studies can provide policy makers with potentially useful information for use in
determining research and funding priorities for how money should be spent during a certain period, as
well as assisting in budget planning decisions. Finally, by providing source-specific cost estimates for
a particular risk factor (e.g. the costs associated with transport accidents), cost-of-death studies also
pave the way for cost-effectiveness analysis by identifying the main causes within a risk factor, and
can become useful sources of policy-relevant information.
A new approach for assessment of damage cost from decrease of life expectancy in the result of
exposure to environmental negative factors or from other natural and unnatural causes of death is
suggested in our paper. In contrast to the most existing approaches, based on the utility theory, this
method is based on the use of the human development index.
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2 BACKGROUND
The burden of death may be expressed in natural units (number of deaths or number of years of life
lost) or in monetary terms.
To assess the burden of deaths in natural units a set of metrics is used: “timeless” characteristics of
mortality in the population such as age-standardized mortality rate or time-based metrics, such as
years of life lost because of premature mortality or decrease of life expectancy at birth.
The age-standardized mortality rate is a weighted average of the age-specific mortality rates per
100 000 persons, where the weights are the proportions of persons in the corresponding age groups of
the WHO standard population.
The numbers of deaths per 100 000 population are influenced by the age distribution of the population.
Two populations with the same age-specific mortality rates for a particular cause of death will have
different overall death rates if the age distributions of their populations are different. Age-standardized
mortality rates adjust for differences in the age distribution of the population by applying the observed
age-specific mortality rates for each population to a standard population.
Death rates alone give an incomplete picture of the burden that deaths impose on the population.
Another measure, which adds a different dimension, is the years of life lost due to premature death.
This shows the extent to which life is cut short by a particular cause or disease.
This measure is estimated by linking life table data to each death of a person of a given age and sex.
The life table permits a determination of the number of additional years an average person of that age,
race, and sex would be expected to live. These remaining years of life left are summed over all deaths
due to a particular cause, yielding the estimate of the number of person-years of life lost (PYLL). The
average years of life lost (AYLL) is obtained by dividing the PYLL by the number of deaths. Both of
these measures can be calculated for any cause of death. Years of life lost take into account the age at
which deaths occur by giving greater weight to deaths occurring at younger ages and lower weight to
deaths occurring at older ages.
Life expectancy at birth is an average number of years that a newborn is expected to live if current
mortality rates continue to apply. Life expectancy at birth reflects the overall mortality level of a
population. It summarizes the mortality pattern that prevails across all age groups – children and
adolescents, adults and the elderly.
The fundamental quantity used in risk assessment is the death rate factor (a). The death rate factor
(a) is defined as the probability density that an individual dies at age a, given that the individual is
alive before this age.
The survivorship function P(a) is the absolute probability that an individual will live from the birth
time till the age a
a

P(a )

exp

(a ) da .

(1)

0

P(e,a) is the conditional probability that an individual of age e will live till the age a

P(e, a)

P(a) / P(e).

(2)

The life expectancy at birth (0) is an average number of years that a newborn is expected to live if
current mortality rates continue to apply
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(0)

P(a) da.

(3)

0

The life expectancy (e) is the statistically determined average number of years of life remaining after
a specified age e

(e)

P(e, a )da.

(4)

e

Whole-life risk of death from the birth time Ri(0) is the absolute probability that an individual will die
from the i’th cause of death

R i (0)

i

P ( a)

(a)da.

(5)

0

For an individual of age e the whole-life risk of death from the i’th cause of death Ri(e) is

R i (e )

P(e, a ) i (a )da.

(6)

e

Condition of standardization is

Ri (e) 1 .

(7)

i

Generally all statistical quantities used for characterization of deaths in the population are presented in
discrete form. In this case it is necessary to re-arrange equations (1)-(6) in the discrete form too.
Let j is the probability that an individual dies at age j, given that the individual is alive before this
age. In this case the conditional probability that a newborn will live till the age a P0,a=Pa is
j a

(1

P0 , a

j

).

(8)

j 1

The life expectancy at birth

0
k

j k

(1

0

j

).

(9)

k 1 j 1

The life expectancy

e

is the statistically determined average number of years of life remaining after a
specified age e
j k

k

(1

e

j

).

(10)

k e 1 j e 1

Whole-life (from the birth time) risk to die from the i’th cause of death R0i

R0i

k
k 1
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where ki is the probability that an individual dies from the i’th cause of death at age k, given that the
individual is alive before this age.
For an individual of age e the whole-life risk of death from the i’th cause of death Rei
k

Rei

i
k

k e 1

j k 1

(1

j

).

(12)

j e

To estimate the influence of a particular cause of death on life expectancy such measure as the
i
increase of life expectancy in the case of elimination of the i’th cause of death
0 is applied
i

k

i

0

0

j k

0

(1

k 1 j 1

were

i
0

i
j

)

k

j k

(1

j

),

(13)

k 1 j 1

is the life expectancy at birth in the case of elimination of the i’th cause of death;

i
j

is the

probability that an individual dies at age j in the case of elimination of the i’th cause of death, given
that the individual is alive before this age.
In this paper we interpret this measure
the i’th cause of death.

i
0

as the decrease of life expectancy at birth in the result of

Besides the presented approach for assessment of damage cost of decrease of life expectancy from
natural and unnatural causes of death, the multiplicative model for estimating incremental cancer risks
linked with chemical-specific exposure is developed (Korobitsyn 2011). The distinguishing feature of
the model is that the additional cancer rate in the result of exposure to carcinogenic chemicals changes
with age as a value proportional to the background cancer at this age. The proposed methodology
enables assessing excess relative risk taking into account age and sex structure of background cancer
rate in the exposed population, as well as the existence of a latent time between an exposure and an
onset of disease. The model enables estimating the environment pollution-related health damage,
defined as the expected number of lost years of forthcoming life in the result of exposure.
3 METHOD
In our opinion the best metric to assess the burden of the i’th cause of death in natural units is the
decrease of life expectancy at birth in the result of this risk factor. The next necessary step is to assess
the damage cost of decrease of life expectancy in monetary units.
The correct numerical value to place on a life, typically called the value of a statistical life, is a matter
of great controversy (Branon 2004-2005). Economists and other researchers have used a variety of
analyses to determine the value of a statistical life. Below are some of the most common methods,
along with some problems frequently ascribed to them.
Revealed preferences method To estimate the value of a statistical life (VSL), economists can exploit
the difference in pay between two jobs and determine how much of that difference stems from the
difference in the risk of injury or death. Then, the researchers simply multiply that number by the
inverse of the risk difference and call the result the value of a statistical life. There are problems with
this approach. Shogren and Stamland (2001) argue that nearly all revealed preference studies are
biased upwards to some degree. They observe that the wage at a particular job is just enough to entice
the marginal worker. The other workers require less money to accept the risk. Thus, the “average”
VSL is well below the “marginal” VSL obtained with this method. Another problem is the need to
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decide the relevant time period over which fatality rates should be measured when assessing risk.
Should we use the actual death rate for an occupation over the previous year or the previous five
years? Death rates fluctuate quite a bit from year to year and this choice can crucially affect the
estimated VSL. Also, do we use the actual death rates or the workers’ perceived chances of death?
After all, wage premiums are presumably based on perceived risk, not actual risk, and the two can
diverge.
Contingent valuation method Economists also estimate the value people place on their lives by just
asking them. In a contingent valuation estimation of the value of a statistical life, the economist
surveys a number of people and asks each person the amount of money that he would require to accept
a marginally higher chance of dying in the near future. Of course, problems exist in this approach as
well. First, many economists dislike it because of its subjectivity. All of the questions are hypothetical,
so why should the answers given by the subjects actually reflect the tradeoffs that they are willing to
make? Indeed, a problem endemic to such studies is the so-called “protest” vote in which someone
insists that no amount of money would entice him to accept a higher risk. Critics also question whether
people accurately perceive the actual changes in the small differences presented to them in the
surveys. A majority of people suffer from innumeracy and have trouble distinguishing a three in
10,000 risk from a seven in 10,000 risk. For those people their answers are little more than guesswork.
Consumer market behavior method A small literature has developed in recent years that infers our
implicit valuation of life from our product choices rather than our labor-market choices. For example,
VSL is estimated from readiness to pay extra money for the antilock brakes. Again, there are many
criticisms of this approach. People purchase thousands of devices that improve safety to some degree.
If the VSL estimated from, say, buying a bicycle helmet is vastly different than the VSL derived from
the decision on whether to buy antilock brakes, it is difficult to interpret those numbers.
Forensic economics method Economists often place a value on a life after a tragic death has resulted in
the loss of future income to a household. For such matters, the procedure of calculating the value of a
lost life is fairly straightforward: The economist calculates the present value of the future stream of
income that would have accrued to the decedent, adjusted for taxes, consumption, and the cost of
living for his community.
Other methods economists can use to estimate the VSL are based on people's earning capacity, or their
potential contributions to society, or how much they are loved and needed by their family – some of
the factors used in insurance claims and wrongful-death lawsuits.
We propose a new approach for assessment of damage cost from decrease of life expectancy because
of premature mortality in the result of exposure to environmental negative factors or from other
natural and unnatural causes of death. In contrast to the most existing approaches, based on the utility
theory, this method is based on the use of the human development index.
The annual global Human Development Reports (HDRs) have been published by United Nations
Development Programme since 1990 as intellectually independent and empirically grounded analyses
of development issues, trends, progress and policies.
The Human Development Index (HDI) is a summary measure of human development. It measures the
average achievements in a country in three basic dimensions of human development: a long and
healthy life, access to knowledge and a decent standard of living, Fig. 1.
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Source: Human Development Report 2010.
Fig. 1. Three dimensions and four indicators of the Human Development Index
In accordance with the up-to-date methodology (Human Development Report 2011) there are two
steps to calculating the HDI.
Step 1. Creating the dimension indices. Minimum and maximum values (goalposts) are set in order to
transform the indicators into indices between 0 and 1. The maximums are the highest observed values
in the time series (1980-2011). The minimum values can be appropriately conceived of as subsistence
values. The minimum values are set at 20 years for life expectancy, at 0 years for both education
variables and at $100 for per capita gross national income (GNI). The low value for income can be
justified by the considerable amount of unmeasured subsistence and nonmarket production in
economies close to the minimum, not captured in the official data.
GNI is traditionally expressed in current terms. To make GNI comparable across time, GNI is
converted from current to constant terms by taking the value of nominal GNI per capita in purchasing
power parity (PPP) terms for the base year (2005) and building a time series using the growth rate of
real GNI per capita, as implied by the ratio of current GNI per capita in local currency terms to the
GDP deflator. Official PPPs are produced by the International Comparison Program, which
periodically collects thousands of prices of matched goods and services in many countries. The last
round of this exercise refers to 2005 and covers 146 countries. Goalposts for the Human Development
Index from (Human Development Report 2011) are shown in Table 1.
For education, equation (14) is applied to each of the two subcomponents, then a geometric mean of
the resulting indices is created and finally, equation (14) is reapplied to the geometric mean of the
indices using 0 as the minimum and the highest geometric mean of the resulting indices for the time
period under consideration as the maximum. This is equivalent to applying equation (14) directly to
the geometric mean of the two subcomponents.
Because each dimension index is a proxy for capabilities in the corresponding dimension, the
transformation function from income to capabilities is likely to be concave (Human Development
Report 2011). Thus, for income the natural logarithm of the actual minimum and maximum values is
used.
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Table 1. Goalposts for the Human Development Index
Dimension

Observed maximum
83.4

Life expectancy

(Japan, 2011)
13.1

Mean years of schooling

(Czech Republic, 2005)
18.0

Expected years of schooling

(capped at)
0.978

Combined education index

(New Zealand, 2010)
107721

Per capita income (PPP$)

(Qatar, 2011)

Minimum
20.0
0
0
0
100

Having defined the minimum and maximum values, the subindices are calculated as follows:

Dimension index =

actual value – minimum value
maximum value – minimum value

(14)

Step 2. Aggregating the subindices to produce the Human Development Index. The HDI is the
geometric mean of the three dimension indices:
HDI = (ILife1/3 · IEducation1/3 · IIncome1/3).
Calculation procedure of the HDI is presented in Fig. 2.

Source: Human Development Report 2011.
Fig. 2. Calculating the human development indices – graphical presentation
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As an example, Human Development Index for Russia is calculated bellow, Table 2. All indicator
values are taken from (Human Development Report 2011).
Table 2. Human Development Indicators for Russia
Indicator

Value

Life expectancy at birth (years)

68.8

Mean years of schooling (years)

9.8

Expected years of schooling (years)

14.1

GNI per capita (PPP $)

14561

Life expectancy index =

68.8 – 20.0

Mean years of schooling index =

9.8 – 0
13.1 – 0

Expected years of schooling index =

Education index =

Income index =

= 0.770

83.4 – 20.0

14.1 – 0
18.0 – 0

= 0.748

ln(107721) – ln(100)

(17)

= 0.783

0.748 0.783 0
0.978 0

ln(14561) – ln(100)

(16)

0.783

= 0.713

Human Development Index = (0.770)1/3 · (0.783)1/3 · (0.713)1/3 =0.755.

(18)

(19)

(20)

(21)

The HDI is the kind of indicators of weak sustainability. The definition of weak sustainability, as a
rule, addresses economic concerns. Under weak sustainability, natural capital (natural resources) and
manmade capital (physical capital) may substitute for each other in the production process. In this case
total production and per capita consumption may be maintained as long as profits from the use of
natural resources are invested into physical capital.
The Human Development Index as a summary measure of human development is based on the similar
concept of perfect substitutability of basic dimensions of human development: one input of HDI (life
expectancy index, education index of income index) can completely replace another.
Our approach for assessment of damage cost of decrease of life expectancy at birth is based on the
same idea of perfect substitutability of basic dimensions of human development.
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We postulate that damage cost of decrease of life expectancy at birth from particular cause is equal to
increase of per capita gross national income which allows compensate the decrease of the life
expectancy index and maintain the value of the HDI at the hypothetical level corresponding to the case
of elimination of this cause of death.
Let’s consider above mentioned example with the HDI for Russia. If the life expectancy at birth will
decrease from 68.8 to 67.8 years, the HDI will decrease from 0.755 to 0.750. This is equivalent to the
decrease of per capita gross national income from 14561 PPP $ to 13146 PPP $ or to the amount of
1413 PPP $. It is possible to calculate that this is equivalent to the decrease of per capita gross
domestic product to the amount of 26737 roubles. Data in the table 2 refer to 2009. Population size in
Russia at the end of year 2009 was 142833 thousand (Rosstat 2012). So the decrease of the life
expectancy at birth at one year is equivalent to the decrease of the GDP to the amount of 3 819
milliard roubles. This value we interpret as the damage cost of the decrease of life expectancy at one
year.
This approach was applied to assess the decrease of life expectancy at birth and damage cost of
decrease of life expectancy at birth from different causes of death.
4 RESULTS
The decrease of life expectancy at birth in the result of different causes of death for population of
Russia was calculated by the equation (13). Data about mortality from different causes of death were
taken from (Medical and Demographic Indicators of Russia 2011). Results are presented in Table 3
and Table 4.
Table 3. Decrease of life expectancy at birth and damage cost of decrease of life expectancy at birth
from different causes of death (Russia, 2009, both sexes)

Cause of death

Decrease of life
expectancy at birth,
years

Damage cost of
decrease of life
expectancy at
birth, milliard
roubles

Tuberculosis

0.283

1146.7

2.9

Malignant neoplasms

2.090

9296.8

23.8

Cardiovascular diseases

8.980

58681.1

150.1

ischemic heart diseases

3.576

17224.1

44.1

acute myocardial infarction

0.399

1624.7

4.2

cerebrovascular diseases

1.953

4202.6

10.7

Diseases of respiratory system

0.643

2653.2

6.8

Diseases of digestive system

0.776

3222.5

8.2

Accidents

2.929

13625.7

34.8

transport accidents

0.436

1780.4

4.6

accidental alcohol poisoning

0.234

945.3

2.4

suicide

0.495

2027.5

5.2
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Table 4. Damage cost of one death from particular cause of death (Russia, 2009, both sexes)
Cause of death

Number of deaths
from particular cause
of death in 2009,
persons

Damage cost of one
death from particular
cause of death,
million roubles

Tuberculosis

23892

48.0

Malignant neoplasms

290737

32.0

Cardiovascular diseases

1136661

51.6

ischemic heart diseases

585177

29.4

acute myocardial infarction

68060

23.9

cerebrovascular diseases

372534

11.3

Diseases of respiratory system

79462

33.4

Diseases of digestive system

88956

36.2

Accidents

224576

60.7

transport accidents

30107

59.1

accidental alcohol poisoning

21337

44.3

suicide

37570

54.0

Our estimates of the damage cost of one premature death presented in Table 4 are in good agreement
with results of other authors (for example (Thomirova & Lukovenko 2011)) who estimate the value of
a statistical life from 200 thousands to 3.1 millions $.
CONCLUSION
A new approach for assessment of damage cost from decrease of life expectancy in the result of
premature death from different natural and unnatural causes is suggested. This approach may be useful
for assessment of priorities for decrease of premature mortality of population, for identification of
cases of dearth and adverse health behaviors responsible for excess deaths, for considering of how
policies to reduce mortality can be made to work more effectively and efficiently, and for identifying
alternative and complementary life-saving policies. The main advantage of our approach is that the
cost of life is not linked with the amount of material wealth produced by person in course of life but is
based on the assumption that a long and healthy life is the value per se. So this approach does not
discriminate people on the base of their involvement in social production, annual salary or social
maintenance expenses. In addition this approach allows not only to calculate the damage cost from
premature mortality, but also to estimate saving rate from increase of life expectancy.
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THE DETERM NAT ON OF TRA NEE TEACHERS’ CONCEPTUAL FRAMEWORKS
ABOUT NUCLEAR ENERGY AND ENV RONMENT
Caner Alada
Department of Geography, Faculty of Educational, University of Necmettin Erbakan, Konya, Turkey

Abstract
The aim of this study is to reveal the cognitive construction about the relationship between nuclear
energy and environment of the undergraduates who have studied science of environment by using
word association test and to determine the conception mistakes. The research was made on 81 trainee
teachers who study at Ahmet Kele lu Faculty of Education Department of Geaography and Biology,
University of Necmettin Erbakan on 2012-2013 academic year fall semester. In the study, it was seen
that the topics which the undergraduates mostly refer in their written statements were the nuclear
energy’s indication of improvement of countries, its necessity, nuclear accidents, nuclear weapons and
the ecocide. The other opinions which gained importance were nuclear reaction, nuclear raw material
and countries producing nuclear energy. It’s seen that nuclear accidents and nuclear weapons are
very effective on the graduates’ point of view. The opinions about nuclear energy’s harm to the
environment show that environmental awareness became of secondary importance. The written
concepts about these two opinions are very close to each other by percentage. Mainly, the radiation
effects caused by the nuclear accidents constitute the fundamental point of undergraduates’ perception
of environment.
Key words: Nuclear energy; enviroment; ecology; enviroment education; human
1. INTRODUCT ON
Environment and energy are two significant elements which the humanity can’t waive. It’s not
possible to retreat in energy generation during this period in which industry and technology has
developed so much and the human life has almost become dependant on the technology. Likewise, the
protection of the environment is also vital. The dependency on the technology has become so
integrated that this necessity increases day by day, moreover, it’s not possible to think about a life in
which there is no energy in our day. However, the negations caused by living in a unhealthy
environment are innumerable.
The challenge for the 21st century is how to develop sustainably and maintain the quality of life for a
growing population with higher expectations for well-being. Underlying this challenge is the need for
sufficient and sustainable supplies of energy to provide the economic activity underpinning these
expectations (Energy and environment report 2008).
The main factor of industry, modern life and the developments in the science and technology is
electric energy. The world and at the same time our country change and advances in a dizzying speed.
However, while changing and advancing promises prosperity and progress, they put the humanity into
trouble with their harm on environment. Thus, energy resources, which are primary components for
life and progress, decrease on the world and our country day by day and human health imperil because
of the harm on the environment (Kaya, 2012). Energy is the leading factor of economic activities in all
of the impoved and improving countries. Nuclear energy is one of the alternative energy resources to
meet the increasing energy need in our country, which is devoid of fossil energy resources expect of
lignite. Although nuclear energy was tested in New Mexico, USA in 16th July 1945, the world first
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officially met the nuclear energy term with the atomic bombs thrown on the Hiroshima (6th August
1945) and Nagazaki (9th August 1945) cities of Japan during World War 2. By the end of 1955, USA
and the Soviet Union became the first to produce energy from the energy resources. Some materials
exposure during producing nuclear energy. It’s possible to list these as temperature, reactor materials
without uranium, uranium compounds, wastes, demolishment products and radiation. Nuclear energy
is produced with fission and fussion methods in facilities called nuclear reactor or nuclear power
station (Temurçin and Alia ao lu, 2003). The impacts of nuclear power stations on the environment
are uranium and thorium emission, fuel preparation, benefication, production and dispersion of
radioactive materail as a result of an accident, the possible supreme impact. Nuclear wastes cause
important environment problems. However, in a possible accident, the impact of radiation towards
environment varies dependent on the type of reactor and out safety system of reactor (Kad lu and
Tellio lu, 1996).
Nuclear facilities produce nuclear waste containing radiation during their performance:
a) Exempt wastes: Wastes containing low activity intensity.
b) Low / Medium Level Wastes: Mud carving tools that come together in cooling ponds where
materials or fuel used in the processes of paper, clothes, lab equipments, dirty soil and construction
equipments and fuel and liquid wastes before they are dumbed to the environment.
c) Short-lived wastes: Wastes having less than 30 years of half life span
d) Nom (Naturally existing radioactive material wastes): Wastes produced in mining and processing of
other minerals like phosphate, which exist in low concentrations and used in e.g uranium and fertilizer.
e) Alpha (Ultra uranium) Wastes: Wastes containing radioactive nucleus emiting alpha like plutonium
isotopes.
f) High Level Wastes: High level active liquids produced while used fuel emiting from a reactor is
reprocessed. Apart from this classification, particularly nuclear wastes are classified in three types as
solid wastes (paper, plastic, glass filtres etc), liquid wastes (decontamination wastes, floor and vessel
washing water, contaminated water like lab, laundry or bath water and leakage on some unimportant
terms) and gas wastes (gas emiting from the reactor flue). While a kind of nuclear waste is stated to
take ten thousands of years to demolish in environment, these wastes have serious harm on
environment and human healt in long term (Kaya, 2012).
It was stated during the World Sustainable Development Forum that three bases underlying
sustainability were economy, social and environment. The most important of these bases is
environment. In other words, as long as the environment doesn’t have a positive set, neither economy
nor social bases can have a positive trend. That’s why, the protection of environment is crucial. This
undoubtly shows the relationship between environment and energy (Koç and Garip, 2008). The higher
improvment levels of societies, the more they need for energy. Towards the increasing energy need,
non overextending of natural resources and protecting of ecological balance are some of the
necessities of sustainable development. However, o ccuring environmental problems during the
produce, transmittal and use of energy is a reality. Nuclear industry is a high technology at all points.
Just like in many countries, nuclear energy must be definetely perceived as an alternative energy
resource in our country towards the increasing energy need of our world (Özyurt et al., 2007). Energy
and environment factors must be evaluated together in determining energy politics. All improved
countries give huge importance to benefit from environment friendly, renewable energy resources
(Kumbur et al., 2005).
Decomposotion in ecological balance make trouble for all the livings on the earth. For example, we
can’t be sure about the reliability of the air we breathe, water we drink and fruit and vegetables we eat
any more. Human being and human activities exist in the base of environment problems. Rapidly
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increasing population is one of the main reasons of environment problems. It’s clear from the
increasing of environment problems day by day instead of decreasing that ecology and environment
terms must be highly emphasised. Despite the many studies about this around the world and recent
ecological symposiums in our country, we are far away from the desired level of awareness about the
environment.
In fact, environmental pollution is only one part of the problems that come under ‘environmental
problems’ title. Many problems alongside pollution appear in environment, they are related to
environment and they affect the environment. It can’t be claimed that problems like residence, shanty,
transportation, green space etc. sidence, shanty, transportation, green space etc. aren’t environmental
problems. Besides, environmental problems have been identified with pollution maybe because of the
publishings aiming to draw the attention of public attention (Tokçuo lu, 1993).
Many important problems have occured as result of people’s overconsuming natural resources and
then spoiling natural balance. These are called ‘Environmental Problems’ or ‘Ecological Problems of
the Humanity’. These problems based on economy, ecology, technology, sociology and politics are
crucial (Çepel N, Ergün, C, 2010). Environment education must be studied in variable levels of
primary, secondary and higher education beginnig from the preschool science education schedules
because of its interdisciplinary features (Y lmaz et al., 2002). The fact that the teachers to teach
environment education must be well educated during the higher education period comes into
prominence. Only sensitive and conscious teachers can make the students acquire the required
consciousness and responsibility about the environment ( ahin et al., 2004).
It’s clear that ecology is a scientific branch which must be applied more towards the problems we see
about the environment. Thus, it will be an accurate approach to describe the ecology as intersection of
all the elements making the human life more quality and making the life stronger. Humanity who had
used natural resources irresponsibly for centuries has begun to realize that they sabotage their own
lives. In addition, the fact that the topics like ecologic approaches, environment politics and
environmental education have gained importance in educational curriculum and state politics is a sign
of this situation.
2.PURPOSE
Environmental consciousness is tried to be acquired via various activities towards every part of the
society and environmantal education about nuclear energy and its impact on the environment.
However, the desired level hasn’t been reached yet. So more studies about issues like environmental
education, positive and negative features of nuclear energy are required.
This study was made with the aim of determining how knowledgeable the trainee teachers are about
nuclear energy and environment and what kind of conceptual mistakes they have. Besides, it also has
the aim of determining the extent of knowledgeable the trainee teachers acquired during their
educational period and their deficiencies, if exists, about this issue and revealing what kind of studies
can be made towards removing these deficiencies.
3. MATER AL AND METHOD
3.1. Research Model
Word association test was used in this study. Word association is a method designed to reveal the
association people constitute among concepts. Analysing undergraduates’ cognitive construction and
interconceptual relations in this structure, in other words the information network, is a technique that
is used to determine if the relations between the concepts in long term mind are enough or meaningful.
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Particularly during recent years, constructivist education approach’s impact on educational
environment and deficiencies of traditional assessment and evaluation techniques in determining /
assesment conceptual understanding and conceptual change lead new techniques and strategies occur.
The researchers trended to techniques assessing not only the knowledge the students have, but also
their relations between different knowledge and concepts, their cognitive construction, if they
associate new knowledge with the existing knowledge or not, to what extent they understand the
similarities between the knowledge they constitute in their minds and the reality in science’s extent
and the process of natural order. Additionally, techniques revealing students’ cognitive construction
and relation among the concepts in this construction and helping us determine if relation among the
concepts are sufficent have gained importance (Bahar, 2006).
3.2. Working Group
The graduates of Ahmet Kele lu Faculty of Education Department of Geaography and Biology,
University of Necmettin Erbakan constitute the working group. Totally 81 undergraduates were
applied the word association test. The common feature of tested graduates is the fact that they all
studied science of environment.
3.3

Data Acqquisition and Data Analysis

First of all, the undergraduates on whom the test would be applied were introduced about test and they
were provided to comprehend the situation via an example. In next stage, by giving the undergraduates
45 seconds, they were asked to write 10 concepts which come to their memory about nuclear energy
and environment and make sentences for each concept for intelligibility. While some undergraduates
couldn’t write 10 concepts in the determined time, most of them completed. Number of total written
concepts was counted as 673 and the ones which the undergraduates wrote with different statements
but were similar in terms of content were tried to be gathered in same category by the researcher. In
the next stage, the written concepts were put to proper classification like nuclear accidents,
environment devastation, pollution, necessity of nuclear energy, its impact on defensive force. Later,
these datas were analysed and their (f) frequency distributions were determined and their percentage
was calculated.
4. FINDINGS
The findings that have beeen obtained from the result of data analysis are as follows :
Table 1. Concepts related to nuclear accidents

(f ve %).

Concepts

Frequency

Chernobyl

38

Radiation

20

Hiroshima

11

Nagasaki

9

Fukushima

1

Total

79

%

11.73

Total opinion: 673

In case of the concepts collected under this category are examined, that the nuclear accident that has
taken place in Chernobyl (Ukraine) is the most expressed view is not a surprising result because it is in
the very recent past and because of its proximity to Turkey. Althoug the accident in Fukushima has
taken place in a later date, that it is not specified by the students as much as Chernobyl can be
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explained by the fact that people remember more the events that affected them. In here it is seen that
also the experiences in the cities of Hiroshima and Nagasaki still maintain the location of the memory
of the people. The Chernobyl accident has a great impact on the students to indicate the subject of
radiation in the high rate.
Table 2. Concepts related to nuclear energy damages to the environment (f ve %).
Concepts

Frequency

Environmental problem, Ecocide

22

Disaster, damage and destruction, small
apocalypse

18

Health problem, hereditary diseases,

17

Death, holocaust

11

Nuclear waste, heavy metals

5

The radiation in nuts and tea

4

Waste water

1

Total

78

%

11.58

Total opinion: 673

In case of the concepts in this category are considered, it is seen that the concepts related to pollution
have been indicated frequently as proportionally as well as the issues such as health problems that
have been pointed out intensely. When death and permanenet diseases are evaluated together as
mentioning about health-related issues, it is seen that students perceive the impact of radiation as the
most serious threat. It is becoming a bit difficult here to explain that nuclear waste is not high
propertionally. Again we can disclose that they indicated the radiation effect on nut and tea by means
of the proximity of the place that the acciden has taken place with the region in our country in which
these products are grown.
Table 3. Concepts that point to the danger of nuclear applications (f ve %).
Concepts

Frequency

Atomic bomb,

52

Military superiority, weapons of mass
destruction

20

War and arms industry

15

Rocket

6

Nuclear test , nuclear weapon

4

Total

97

%

14.41

Total opinion: 673

Although the concepst given to the students are nuclear energy and environment when we look the
views expressed by them it is seen that nuclear weapons and nuclear accidents take part intensely. It is
right to explain this case by the fact that people understand the effects that can be seen more quickly
and that they are affected by such events. Environmental impacts and atomic bomb impacts are so
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different that it can not be compared in terms of time. It must be because of the fact that bomb has an
immadiate impact so students indicated it in a high rate. Also that the war and arms industry have been
expressed in a substantial extent shows that there is still a perception of insecurity about the prevention
of the construction of weapons on nuclear activities. Studies carried out on the elimination of nuclear
weapons or disarmament still has not reached a stage of convincing.
Table 4. Concepts related to the necessity of nuclear energy (f ve %).
Concepts

Frequency

Alternative energy source, high
efficiency,clean and cheap energy

57

Powerplant

20

Akkuyu

11

Sinop

6

Total

94

%

13.96
Total opinion: 673

The common view among the students is that nuclear power is necessary for the country. That the
nuclear energy is cleaner than the energy obtained from fossil fuels, that it has high efficiency and that
it is suitable to produce it as the source of alternative energy are the largely shared ideas. This viwe is
also supported by the expressions that were dealt with in the next category. In addition to state the
places in which powerplant are planned to be establish there are also a considerable amount of people
who expressed the concept of the powerplant.
Table 5. Concepts related to the importance of nuclear energy for countries (f ve %).
Concepts

Frequency

Economic prosperity, economic independence,
development, competitive capacity

33

Political power, strategy, self confidence,
defence power

23

Technology, knowledge level and perfection

18

Money, production, future of the country,
source, income

10

Qualified employee,high security precaution,

6

Less environment pollution

3

Space technology

1

Aircraft carriers

1

Total

95

%

14.11

Total opinion: 673

That the most expressed views being in this category in percentage terms indicates that students
largely have a perception on nuclear energy is the indicator of development. They accept that nuclear
energy is a political and military power as well as they assess the nuclear energy as the expression of
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development. That they often refer to technology and fund of knowledge also confirms these views.
Although they know the harms that a nuclear accident may will cause, that developed countries have
nuclear weapons and powerplants has a large share on that they consider the nuclear energy as the
indicator of development.
Table 6. Concepts related to countries that expression of nuclear energy brings into mind. (f ve %).
Concepts

Frequency

USA, Europe, Russia

20

Persia

20

Japan

14

France

5

Israel

2

Pakistan

2

North Korea

2

India

2

Ukraine

1

Armenia

1

South Korea

1

Total

70

%

10.40

Total opinion: 673

When we look at those specified in this category it is seen that referred points in table 5 are not
invalid. However, one of the important issues to be considered here is that Farance, in which power
plants are not at all in little number, is remembered very rarely. And this case shows that nuclear
weapons and nuclear tests and the nuclear activities much debated in our day have the great effect on
the perceptions of students, that students pointed out countries suc as Israel and North Korea shows us
that nuclear weapons imprint on their minds more.
Table 7. Concepts related to nuclear energy sources (f ve %).
Concepts

Frequency

Uranium, uranium enrichment

55

Thorium

25

Plutonium

2

Total

82

%
12.18
Total opinion: 673

Also the rates of raw materials students specified are at a substantial rate. On the issue of too much
articulating the concept of enrichment of uranium in particular, it can be accessible that debates made
in world public opinion may be effective in this result. Also these views of students support the idea
that they consider the establisment of nuclear power plants is the indicator of development.
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Table 8. Concepts related to incidents occurring during nuclear activity (f ve %).
Kavramlar

Frekans

Fission, fusion

15

Core,

10

Reactor

10

Reaction, collision, fission

9

Refrigerant water, proximity to the sea

6

Electron ,neutron, proton

5

Total

57

%

8.46

Total opinion: 673

This table is important for us in terms of giving idea to us about what the students think when
mentioned about nuclear activities. It is seen that students have a conceptual consciousness about what
are the nuclear activities. That the students specified the fission and fusion and that they indicated the
atomic nucleus, reactors and also that they emphasized the necessity of water for cooling the reactors
shows that they are in good condition.
Table 9. Concepts related to reactions against to environmental protection (f ve %).
Concepts

Frequency

Protestation (reaction)

2

Greenpeace

1

Prohibition

1

Total

4

%
0.59
Total opinion: 673

It is thought-provoking that sensitive responses intended to protect the environment taking place very
little. The number of students who expressed this topic has been very little. This idea does not
contradict the other categories but this lack of sensitivity on environmental perception is thoughtprovoking.
Table 10. Conceptual errors that can not be categorized (f ve %).
Concepts

Frequency

Mine, coal, lignite, boron etc.

8

Einstein

3

Illiteracy, unconscious usage (destructive)

2

Cost

2

Saddam

1

Warm

1

Total

17
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Of the concepts in this category there are opinions that are difficult to reach. It is difficult to decide to
what basis on students interrelating. That the Einstein come to mind is understandable but it is difficult
to understand that other concepts being associated. And this case shed ligt us on seeing the conceptual
errors.
5. RESULTS AND DISCUSSION
When we examine the views that pre-service teachers expressed, striking result is that it is the nuclear
weapons rather than it is relationship between the production of nuclear energy and environment. It is
understood that they have difficulty in explicating the environmental pollution or environmental
impact of nuclear energy. What they understand about nuclear pollution mainly focus on the point of
nuclear accidents and nuclear weapons. From the answers given, except of these two cases there is no
much statements on how nuclear waste can be disposed or on what kind of environmental impacts can
be seen expect of an accident case. That in the past and present nuclear tests have been seen as a show
of strength has a large effect on that most of the teacher candidates perceive the nuclear activities as
political, economic and military power. In addition, the existence of nuclear power plants in many of
developed countries has led to the evaluation of nuclear energy as an indicator of development.
Whereas, a lot of ideas on prevention of pollution and also on how to facilitate a cleaner environment
might be expected to be expressed. That the concepts related to pollution comes to mind firstly is the
result of environment being polluted of permanently. In fact, it is obvious that studies must be done to
displace of these ideas of prospective teachers who will train future generations. It is observed that
various regulations must be made for the formation of a more livable environment perception. It is
obvious that sometimes concepts are understood incorrectly and the some issues are not apprehended
properly among students.
In a comparative study Aktepe and Girgin (2009), that they made it for 8th students they conclude that
eco-school students taking part in various activities on environmental education gained more
environmental awareness than the other students. As to Ayd n (2010), in his study concluded that the
geography teacher candidates are aware of the environmental education and the importance of
environmental problems in our country and around the world and they think that environmental
education should start at the pre-school level. In their study enyurt et all (2011), which they made in
order to determine the socio-demographic factors affecting student’s attitudes towards the
environmental problems they have determined that their genders and whether they have studied
lessons on environment in their schools before is responsible for the difference about the attitudes of
students on environment.Also they have emphasized that there are differences among students in point
of their mothers’ educational levels and their families’income level and the awareness of
environmental problems of university students must be increased.In another study by the researchers
,at the primary school 6,7, and 8 grade students' awareness for environmental issues, their prior
knowledge and their sensitivity to the environment is tried to be measured. As a result, it is observed
that the students are aware of the environmental pollution, air pollution, and the environmental
problems caused by wasterather. They have reached the conclusion that there are errors on the issues
such as the greenhouse effect, global warming and so on. Which are the issues ignored in teaching.
(Demirba , and Pekta , 2009). In Turkey the rate of energy consumption increases two to three times
rapidyl as against to the rate of population growth. And the increase on the amount of energy leads to
increasing on environmental problems gradually. The resulting environmental problems are
threatening human health anda re creating short and long term- effects on corrupting of echological
balance. On the other hand giving up consumption of energy so as to it creates environmental
pollution it means to give up benefits that economic development provide. What is important is
finding the optimal solutionby taking into account the pros and cons of resources. To do this it is need
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to identification of environmental priorities for the selection and direction of technology and planning
of energy and it is need to directed to realize long term goals set (Kad lu, and Tellio lu, 1996).
The concept of pollution that comes to mind firstl when mentioned about environment is a common
feature in almost all studies. The perception of a clean environment will be understood but when
prevention of pollution comes to mind. It is obvious that there is need for the creation of awareness
about keeping the environment clean before polluting and all kinds of steps such as education
activities to train environmentally sensitive individuals must be given priority.
REFERENCES
Aktepe, S. and Girgin, S. (2009). kö retimde Eko-Okullar ve Klasik Okullar n Çevre E itimi
Aç ndan Kar la
lmas . lkö retim Online, 8, pp. 401-414.
Ayd n, F. (2010). Geography Teacher Candidates’ Views about Environment Problems and
Environment Education (Gazi University Case). International Online Journal of Educational Sciences,
2, pp. 818-839.
Bahar, M., Nartgün, Z., Durmu , S. and B çak, B. (2006). Geleneksel ve Alternatif Ölçme ve
De erlendirme Ö retmen El Kitab . Pegem A Yay nc k, Ankara.
Çepel, N. and Ergün, C. (2010). Temel Çevre Sorunlar , www.tema.org.tr/sayfalar/ cevrekutuphanesi/
pdf/kuresel nma/kuresel nmapd
Demirba , M. and Pekta , H. M. (2009). lkö retim Ö rencilerinin Çevre Sorunu le li kili Temel
Kavramlar Gerçekle tirme Düzeyleri, Necatibey E itim Fakültesi Elektronik Fen ve Matematik
itimi Dergisi, 3, pp. 195-211.
Energy and Environment Report (2008). EEA Report, No 6/2008, ISBN 978-92-9167-980-5 ISSN
1725-9177 DOI 10.2800/10548, Luxembourg: Office for Official Publications of the European
Communities, EEA, Copenhagen.
Kad lu, S. and Tellio lu, Z. (1996). Enerji Kaynaklar
1. Enerji Sempozyumu, 12-14 Kas m 1996 Ankara.

n Kullan

Ve Çevreye Etkileri. TMMOB

Kaya, . S. (2012). Nükleer Enerji Dünyas nda Çevre ve nsan. Abant zzet Baysal Üniversitesi, Sosyal
Bilimler Enstitüsü Dergisi, 24, pp. 71-90.
Koç, Y. M. and Garip, M. (2008) Türkiye ve Avrupa’da Sürdürülebilir Enerji ve Çevre li kisi, VII.
Ulusal Temiz Enerji Sempozyumu, UTES’2008, 17-19 Aral k, stanbul.
Kumbur, H , Özer, Z., Özsoy, H. D. and Avc , E. D. (2005), Türkiye’de Geleneksel ve Yenilenebilir
Enerji Kaynaklar n Potansiyeli ve Çevresel Etkilerinin Kar la
lmas . III. Yenilenebilir Enerji
Kaynaklar Sempozyumu, TMMOB Elektrik Mühendisleri Odas , Ankara.
ahin, N. F., Cerrah, L., Saka, A. and ahin, B. (2004). Yüksek Ö retimde Ö renci Merkezli Çevre
itimi Dersine Yönelik Bir Uygulama. GÜ Gazi E itim Fakültesi Dergisi, 24, pp. 113-128.
enyurt, A., Temel, A. B. and Özkahraman, . (2011). Üniversite Ö rencilerinin Çevresel Konulara
Duyarl klar n ncelenmesi. S.D.Ü. Sa k Bilimleri Enstitüsü Dergisi, 2, pp. 8-15.
Temurçin, K. and Alia ao lu A. (2003). Nükleer Enerji Ve Tart malar I
Enerji Gerçe i. Co rafi Bilimler Dergisi, 1, pp. 25-39.

nda Türkiye’de Nükleer

Tokuço lu, B. (1993). Çevre Sorunlar ve Kentle me, Ekoloji Dergisi, 6, pp. 19-21.

144

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
lmaz, A, Morgil, , Aktu , P. and Göbekli, . (2002). Orta Ö retim ve Üniversite Ö rencilerinin
Çevre, Çevre Kavramlar ve Sorunlar Hakk ndaki Bilgileri ve Öneriler. Hacettepe Üniversitesi E itim
Fakültesi Dergisi, 22, pp. 156-162.
Özyurt, M., Seyito ullar ,
http://www.emo.org.tr

145

. and yit, L. (2007). TMMOB Nükleer enerji sempozyumu Mersin,

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
SUSTAINABLE MANAGEMENT OF OLIVE RAINFED ORCHARDS
BY THE INTRODUCTION OF LEGUMINOUS COVER CROPS
Carlos M. Correia1*, Cátia Brito1, Anabela Fernandes-Silva1, Eunice A. Bacelar1,
Berta M. Gonçalves1, Helena Ferreira1, Margarida Arrobas2,
José M. Moutinho-Pereira1, Manuel A. Rodrigues2
1

CITAB, Universidade de Trás-os-Montes e Alto Douro, 5001-801 Vila Real, Portugal
2

CIMO, Instituto Politécnico de Bragança, 5301-855, Bragança, Portugal
(Corresponding author*: ccorreia@utad.pt)

Abstract
The olive sector has a crucial economic, social, cultural and ecological relevance in the
Mediterranean region, where tillage and herbicides application are still generalized practices.
However, these practices oppose the recommendations of UE Common Agricultural Policy and thus,
management methods that decrease requirement for agricultural chemicals are needed to reduce
adverse environmental impacts. Moreover, they can play an important role in atmospheric CO2
emission and fixation. We propose green manure legumes to reduce erosion, soil compaction and
nitrate pollution, to improve biodiversity, soil carbon sink and fertility, to save fossil fuels and to
increase yield and the safety and nutritional value of food products. The 3-year field study carried out
in Northeast Portugal revealed that self-reseeding annual legumes is a promising strategy since
increase the summer soil water content, the vegetative growth and the physiological tree performance,
that was reflected in a 38% higher cumulative yield then tillage techniques.
Key words: Annual legumes, cover crops, Olea europaea, rainfed conditions, sustainability.
1. INTRODUCTION
In Mediterranean-type agroecosystems, olive (Olea europaea L.) has been traditionally grown in
rainfed conditions, and is considered as a well-adapted crop, able to survive to periods of intense
drought. Such success is mainly due to the high capacity of olive tree to develop anatomical
(Bosabalidis and Kofidis, 2002; Bacelar et al., 2004; Bacelar, et al., 2007a; Guerfel et al., 2007),
physiological and biochemical drought resistance mechanisms (Gucci et al., 1997; Chartzoulakis et
al., 1999; Giorio et al., 1999; Bacelar et al., 2007b). However, these adaptations imply a metabolic
cost of construction and maintenance with negative consequences on growth and on yield performance
of the tree.
Since Mediterranean basin is particularly vulnerable to present and future climate variability and
climate change (Goubanova and Li, 2007), olive will experiment some hard changes in its
environment that could be a problem for the species. An adjustment in orchard water use to prevailing
conditions of water availability should be done by a careful and continuing management by attention
to tree density, canopy size and condition of the ground cover (Connor, 2005). In particular, soil
management practices can assist olive to survive and produce in water-limited environments, in order
to ensure that the maximum amount of water can be stored during the rainfall season (Pinheiro, 2005)
and to reduce water losses through evaporation. In addition, these practices contribute to control soil
erosion (Vanwallegham et al., 2010) and to preserve the organic matter levels. The introduction of
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cover crops has shown advantages over the mobilization systems. Cover crops include those plants
grown to protect and enrich the soil, and to control weeds (Cosimo et al., 2003). The mobilization
systems tend to leave the soil bare, so the soil is loosened due the torrential rains of autumn and winter
that wash away the topsoil (Metzidakis et al., 2008). This system also increase the water evaporation,
promote deep soil compaction and cause superficial root system damage (Pastor, 2008), increase the
organic matter oxidation, by providing oxygen to the microorganisms (Rodrigues et al., 2010) and
affect negatively the physical and chemical properties of the soil, such as soil organic matter content,
available phosphorus, exchangeable potassium, cation exchange capacity and soil aggregate stability
of the surface horizon (Metzidakis et al., 2008). Cover cropping is the most suitable soil-management
practice to protect the soil surface from erosion, to preserve the environment and to reduce production
costs (Benites et al., 2005). This practice increase water infiltration (Benites et al., 2005; Pinheiro,
2005), soil aeration (Zdruli, 2004) and organic matter content (Pinheiro, 2005), improve soil structure
and CO2 sequestration from the atmosphere (Celano et al., 2011) and promote the biodiversity in the
agro-ecosystem (Benites et al., 2005). Furthermore, because cover cropping helps to establish
nutritional and biological equilibrium in the soil, the olive's physiological processes are stabilized and
the performance of the olive and the fertility of the soil are enhanced (Cosimo et al., 2003).
Nevertheless, under Mediterranean rainfed conditions, the cover crop competition with olive trees for
water and minerals must be avoided or minimized. Some annual legume species such as subterranean
clover and other species with short growing cycle grown as cover crop can provide both these
characteristics. They are comparatively less competitive for water than grasses and can fix
atmospheric N2. The available information on cover crop management in rainfed olive orchards is still
scarce, making further research necessary. The aim of this work was to evaluate the benefits of cover
crop in olive trees growing under Mediterranean conditions. We hypothesize that cover crop improve
the soil water content and carbon assimilation and thus growth and crop yield. To test this hypothesis
we evaluated soil and plant water status, gas exchange and chlorophyll fluorescence, vegetative
growth and olive yield.
2.1. Plant material and experimental details
The experiment was carried out in Suçães, Mirandela (41º 29' N, 7º 15' W), in NE Portugal. The
region benefits from a Mediterranean type climate with average annual temperature and precipitation
of 14.3 ºC and 509 mm, respectively. The commercial orchard was ~20 years old of cv. Cobrançosa
and rainfed managed. The soil was a Leptosol derived from schist, sandy loam (13.1% clay, 26.6%
silt, 60.3% sand) textured, pH(H2O) 4.1, organic carbon (C) 7.9 g kg-1 and extractable phosphorus (P)
and potassium (K) (Egner-Riehm) 21.0 and 96.3 mg kg-1, respectively. The farmer usually applied the
fertilizers beneath the trees’ canopy at rates equivalent to 60 kg N, P2O5 and K2O hm-2 and 15 g B per
tree. Shortly before the trial started 1500 kg hm-2 of lime (88% CaCO3 and 5% MgCO3) and 250 kg
hm-2 of superphosphate (18% P2O5) were applied.
Two ground-cover treatments were imposed in plots of 0.4 hm-2. The treatments laid out were:
ordinary fertilization and tillage techniques (T) used by local growers, which consisted of two tillage
trips per year with a cultivator (in spring and early summer), as a control treatment, and a mixture of
eleven annual (AL) pasture self-reseeding legumes (Ornithopus compressus L. cv. Charano;
Ornithopus sativus Brot. cvs. Erica and Margurita; Trifolium subterraneum L. ssp subterraneum
Katzn. and Morley cvs. Dalkeith, Seaton Park, Denmark and Nungarin; Trifolium resupinatum L. ssp
resupinatum Gib and Belli cv. Prolific; Trifolium incarnatum L. cv. Contea; Trifolium michelianum
Savi cv. Frontier; and Biserrula pelecinus L. cv. Mauro). Eight similar trees per treatment were preselected. This pre-selection of trees was performed in September 2009, before the ground-cover
systems had been established and was based on the size and the similarity of the tree canopies. The
objective was to reduce the experimental variability associated with the different size of the trees, a
very common aspect of dry farmed orchards. The legume cover crop was sown in September 2009 at a
rate of an eleventh of that recommended by each species if seeded alone in pure culture. The sowing
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was done manually and the seeds of pasture legume species were incorporated in the soil by a roller.
In early May the biomass of the cover crop was destroyed with a rotary slasher and left on the ground
as a mulch. This would avoid the tilling of the soil and eliminate the consequent damage of the olive
tree roots.
2.2. Soil water measurement
The soil water content ( ) was measured periodically, using a time-domain-reflectometry (TDR) tube
probe (Trime-FM, Imko, Germany). In each treatment four trees were equipped with two access tube,
one located 0.75 m apart tree trunk in the row direction and other in inter-row location, to a depth of
0.60 m. The measurements were taken at 0.20 m intervals. In the conventional tillage treatment,
because the difficulty of adherence of the access tube to the soil as a result of tillage, the soil water
content was determined gravimetrically in samples obtained at depths of 0–20, 20–40 and 40–60 cm
using a 2.2 cm diameter manual probe. We verified that, in this soil, the TDR values underestimate
soil moisture, so the calibration curve was taken to gravimetric method.
2.3. Leaf gas exchange, chlorophyll fluorescence and water potential measurements
Leaf gas exchange rates were measured with an infrared gas analyser (LC Pro+, ADC Bioscientific
Ltd., UK), operating in the open mode. All measurements were carried out in the morning (9:00-11:00
h) on cloudless days on 2 fully expanded leaves of six trees per treatment. PPFD was always higher
than 1000-1200 µmol m–2 s–1, which is known to be over the saturation point in olive (Natali et al.,
1991). Net CO2 assimilation rate (A), stomatal conductance (gs), and the ratio of intercellular to
atmospheric CO2 concentration (Ci/Ca) was estimated according to von Caemmerer and Farquhar
(1981). To eliminate possible effects of air humidity and temperature on transpiration, the intrinsic
water use efficiency (WUEi) was calculated as the ratio of A to gs (Iacono et al., 1998).
Chlorophyll a fluorescence features were measured in situ with a pulse-amplitude-modulated
fluorimeter (FMS 2, Hansatech Instruments, Norfolk, England) on the same leaves and environmental
conditions as described for gas exchange. Maximum quantum efficiency of photosystem II (PSII) was
calculated as Fv/Fm = (Fm-F0)/Fm by measuring the fluorescence signal from a dark-adapted leaf when
all reaction centers are open using a low intensity pulsed measuring light source (F 0) and during a
pulse saturating light (0.7 s pulse of 15000 µmol photons m–2s–1 of white light) when all reactions
centers are closed (Fm). Leaves were dark-adapted for 30 min using dark-adapting leaf-clips for these
measurements. Following Fv/Fm estimation, after a 20-s exposure to actinic light (1500 µmol m–2s–1),
light-adapted steady-state fluorescence yield (Fs) was averaged over 2.5 s, followed by exposure to
saturating light (15000 µmol m–2s–1) for 0.7 s to establish F’m. The sample was then shaded for 5 s
with a far-red light source to determine F’0. From these measurements, several fluorescence attributes
were calculated according to Bilger and Schreiber (1986) and Genty et al. (1989): photochemical
quenching (qP = (F’m-Fs)/(F’m-F’0)), non-photochemical quenching (qN = (Fm-F’m)/F’m), capture
efficiency of excitation energy by open PSII reaction centres (F´v/F´m = (F’m-F’0)/ F’m) and efficiency
of electron transport as a measure of the effective quantum yield of PSII ( PSII = F/F’m = (F’mFs)/F’m). The apparent electron transport rate (ETR) was estimated as ETR = ( F/F’m) x PPFD x 0.5 x
0.84, where PPFD is the photosynthetic photon flux density incident on the leaf, 0.5 is the factor that
assumes equal distribution of energy between the two photosystems, and the leaf absorbance used was
0.84 because is the most common value for C3 plants (Björkman and Demmig, 1987). The fraction of
PPFD absorbed in PSII neither utilized in photochemistry nor dissipated thermally (PE), characterising
an excess energy, was calculated as PE = F´v/F´m x (1- qP), according to Demmig-Adams et al. (1996).
Measurements of midday shoot water potential ( ; minimum daily values) were used to evaluate tree
water status. A young leafy shoot per tree was collected, from a sunny position at the crown, from 6
replicate trees per treatment. After cutting, the small leafy shoot was immediately enclosed in a plastic
bag to avoid any loss of water and quickly placed into the pressure chamber (model PMS 1000,
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Oregon, Corvallis, USA). All measurements were completed within 1–3 minutes after excision of the
leafy shoots from the plant, and were made in the shade. These all physiological measurements were
performed during 2011, on April 18th, July 27th and September 13th.
2.4. Vegetative growth and crop yield
Plant heights, as well as longitudinal and transverse crown diameters were measured in 8 trees of each
treatment, for estimating canopy volume, assuming an ellipsoid (Fernandes-Silva et al., 2010). During
the study, in order to safeguard the comparative results, the trees in all treatments were not pruned.
The crop yield was recorded from eight trees per treatment. The trees were harvested for four
consecutive years, in late November of 2009, 2010, 2011 and 2012. The harvest of 2009 represents the
year zero, since it was performed at the beginning of the experiment, before the effects of the
treatments had manifested themselves. The harvest was performed by a trunk shaker head which
detaches the olives which are collected by an associated inverted umbrella system.
2.5. Statistical analysis
Data analysis was carried out using the SuperANOVA (Abacus Concepts Inc., USA) software. A
completely randomized design with a single factor (soil management) was used.
3. RESULTS
Soil water content ( ) varied between treatments and season, being lower in cover crop plot in April
(30.7 and 57.6% in row and inter-row, respectively; Fig. 1). During the summer decreased sharply
reaching the lower limit in tillage plot (0.064 and 0.051 m3 m-3, for row and inter-row, respectively),
with major differences of 28.9% in row (September) and 56.8% in inter-row (July). Although the
substantial differences in ,
values were similar between treatments (Fig. 2).
decreased
progressively with increasing seasonal drought, getting the lowest values late in the summer (about -3
MPa).
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Figure 1. Seasonal variation of soil water content in the two treatments, on row (a) and inter-row (b).
Each column represents the mean for the total soil profile and vertical bars represent the standard error
of the mean. Within each date, the symbols *, ** and *** denotes significant differences at P< 0.05,
<0.01 and <0.001, respectively.
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Figure 2. Seasonal variation of stem water potential in the two treatments. Each column represents the
mean and vertical bars represent the standard error of the mean.
Significant effect of the type of soil management was observed on some leaf gas exchange (Fig. 3) and
chlorophyll fluorescence (Fig. 4) variables in July and September, while no statistical differences were
observed in April. Pn, gs, PSII and ETR were higher in trees with cover crop, mainly in July. In
addition, this treatment contributes to higher WUEi in September and F´v/F´m and qP in July and, in
opposition, to lower Ci/Ca and qN, in September and July, respectively. Seasonal variation data from
April to summer month’s showed significant increases of WUEi, mainly in AL plot, and qN, and
decreases of PSII, F´v/F´m, qP and ETR, mostly in trees subjected to conventional tillage. Furthermore,
soil management system and season did not affect PE and Fv/Fm (data not shown).
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Figure 3. Seasonal variation of leaf net CO2 assimilation rate (A), stomatal conductance (gs), ratio of
intercellular to atmospheric CO2 concentration (C i/Ca) and intrinsic water use efficiency (A/gs) in the
two treatments. Within each date, the symbols *, ** and *** denotes significant differences at P<
0.05, <0.01 and <0.001, respectively.
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Figure 4. Seasonal variation of photochemical (qP) and non-photochemical (qN) quenching, capture
efficiency of excitation energy by open PSII reaction centres (F´v/F´m), effective quantum yield of PSII
PSII), electron transport rate (ETR) and fraction of PPFD absorbed in PSII neither utilized in
photochemistry nor dissipated thermally (PE) in the two treatments. Each column represents the mean
and vertical bars represent the standard error of the mean. Within each date, the symbols +, *, and **
denotes significant differences at P < 0.1, < 0.05 and <0.01, respectively.
At the start of the study, the tree crown size did not differ between treatments (data not shown). Plant
canopy volumes increased progressively, with the largest increases in cover crop plot, where the
canopy volume of trees reaches mean values of 22.6 against 18.9 m3 in tillage treatment. Relatively to
the crop yield, the presence of legumes cover crop increased olive yield during the three seasons, with
an accumulated value of 38% (Table 1).
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Table 1. Variation of crop yield (kg tree-1) in the two treatments in the period 2010-2012. Values are
means ± SE. Within each year, the symbols + and ** denotes significant differences at P < 0.1 and
<0.01, respectively.
Treatment

2010

2011

2012

3 years

T

20.9±2.0

13.1±2.2

4.4±0.4

38.4±3.6

AL

25.6±1.4

19.0±1.9

8.3±1.2

52.9±3.3

Significance

+

+

**

**

4. DISCUSSION
This study was conducted to analyze the effects of different soil management systems on olive tree
orchards grown under rainfed conditions. Cover crop effects on soil water relationships were negative
until the destruction of AL plants in the beginning of May, due to the transpiration by the cover crop.
However, this result was not associated with consequences on tree physiological performance, since
the soil water content was not critical to olive tree function. In any case, this may occur if the
precipitation levels were unusually low during the previous winter and particularly in March and
April, when the physiological activity of olive increases. Such situation may be highly detrimental on
soils with low water-holding capacity or a root-restricting layer at a shallow depth (Wagger and
Mengel, 1988). An opposite and clearly positive response was observed in the critical drought summer
months, since soil water content increased significantly in cover crop plot due to less runoff, greater
infiltration and less evaporation when cover crop residues are retained on the soil surface (Unger and
Vigil, 1998). Interestingly, in the row of AL plot was quite stable along the year and even higher in
summer in inter-row, contrary to the tillage plot where in April is much higher than in summer.
Furthermore, the summer values in the cover crop plot were of the same magnitude as obtained by
Fernandes-Silva et al. (2010) in a study done in Mediterranean field conditions of continuous deficit
irrigation correspondent to 30% of maximum crop evapotranspiration. In addition,
did not fall
below -3 MPa, which are in accordance with previous findings in others studies with irrigated trees
(Fernández et al., 1997; Tognetti et al., 2004; Fernandes-Silva et al., 2010).
Although the N released from cover crop residues had a slight but nevertheless positive effect on the
olive yields and on tree crop growth (Rodrigues et al., in press), we believe that the positive effects,
here reported, on soil water content during the summer months had an important role for adequate tree
physiological activity and thus on growth and crop yield. In fact, self-reseeding pasture cover crop had
a good impact on the photosynthetic performance of olive trees, as confirmed by gas exchange and
chlorophyll uorescence responses. Gas exchange measurements showed increases in CO 2
assimilation rates in olive trees in AL plot that were associated with lower stomatal and non-stomatal
limitations to photosynthesis. At the end of summer, as net photosynthesis was more beneficiated than
stomatal conductance, WUEi was higher in trees cultivated with the cover crop, indicating an
optimization of carbon uptake versus water loss (Raven, 2002). Moreover, the reduction of gs joined
with comparable (July) or even higher (September) Ci/Ca indicates that non-stomatal components play
an important role in limiting photosynthesis of olive trees submitted to tillage conditions. However,
the Ci values should be treated with some caution, due to the non-uniform aperture of stomata over the
leaf surface (patchiness). Under environmental stress conditions, the Ci calculated from gas exchange
measurements can be overestimated and lead to erroneous conclusions of non-stomatal limitation of
photosynthesis (Downton et al., 1988). Nonetheless, our analysis is based on the assumption that
patchy stomatal closure did not occur in mature olive leaves (Loreto and Sharkey, 1990; Nogués and
Baker, 2000). Therefore, the present results of Ci should represent a limited capacity for CO2 fixation
by mesophyll cells (DaMatta et al., 2002). Furthermore, our results showed that the reduction of gs,
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and thus the restricted water loss through transpiration seemed to be effective in preventing large
decreases in water potential and, thus, appeared to be the earliest response for dehydration avoidance
in olive under tillage plot.
The analysis of chlorophyll fluorescence revealed that non-stomatal limitations were also responsible
for the photosynthetic responses in the summer period. The data showed that total electron flow
through PSII was inhibited in tillage treated plants, mainly in July, linked with reductions in F´v/F´m,
qP, PSII and ETR. Since 1-qP is a measure of the reduction state of the primary electron acceptor in
PSII, QA (Schreiber et al., 1994), it can be reasoned that the re-oxidation of QA was less effective and
implies that a fraction of the PSII traps was closed during actinic PPFD (DaMatta et al., 2002). Taking
in account these results and the lower A in trees subjected to tillage we assume that a greater
proportion of the absorbed PPFD was in excess of that required to support CO 2 fixation, and thus the
above changes in PSII photochemistry may represent a down-regulation mechanism. These results,
joined with the rise in qN in July (higher dissipation as heat) and the similar values of PE suggested
that such dow-regulation was enough to match the decreased demand for electrons through NADP +
consumption (DaMatta et al., 2002). As a consequence, the Fv/Fm values were stable between
treatments and within the physiological ranges for healthy leaves.
The improvement of soil water relationships and physiological activity of olive trees with cover crop
had a positive effect on growth, which was reflected in a slight increase of canopy volume, and thus in
higher radiation interception. For all these reasons, AL species contribute to increased olive fruit
production. This result is in accordance with Pastor and Guerrero (1990), who found in a compilation
of studies conducted in 15 years in Andalusia (Spain) that olive yield increase in non-tilled olive
groves with respect to the tilled ones. However, as olive trees are alternate bearing species, the results
of the next years are fundamental to better understand the effect of groundcovers on fruit yield.
5. CONCLUSIONS
Self-reseeding pasture legume species with short growing cycle grown as cover crop may be a
promising strategy contributing to the sustainable management of olive orchards under rainfed
conditions. In fact, the cover crop increased the soil water content during the summer drought period
and improved the photosynthetic performance, contributing to increased growth and fruit yield. This is
an interesting result since a sagacious soil management approach is essential for the olive industry due
to the limited water resources available in the Mediterranean region.
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Abstract
The body of industrial landfill of technological waste of lúženec at the former plant for nickel
production in Sere can be divided according to the current state into four physiognomically different
units. Since 1993, when there was to liquidation the former plant for nickel production the industrial
landfill was only partly reclaimed and largely disturbed from the processes of the mining. The rest of
the industrial dump succumbed to processes of the succesion. This is reflected in the form of the
patches with the incoherent cover of vegetation. The more coherent vegetation is represented with the
plant-association of grasslands and vegetation of the trees in the adjacent areas to the landfill - in the
places of the erosion of lúženec. Here is dominated Populus canescens mixed with Populus tremula
and Betula verrucosa with Calamagrostis epigejos in the undergrowth). Reclaimed part of the landfill
is covered mostly by herbaceous vegetation represented by monocenousis of Artemisia absinthium.
Uncovered areas of mining represent about 40% of total area of the landfill. According to chemical
and physical analyses of lúženec is granulometric very fine material in which 97% are fractions
smaller than 0.1 mm (the lúženec contains about 77.8 % of iron and the rest are Cr2O3, SiO3, Al2O3,
CaO, P2O3, Ni).The chemical composition of lúženec is reflected in the content of the aforementioned
substances in the soils and in the present vegetation at the particular habitats.
Key words: habitats, technological waste, industrial landfill
1.INTRODUCTION
The landfill of lúženec and the surroundings from the aspect of the environment represent the territory
of strongly damaged and from the aspect of nature protection unresolved, left to the self-cleaning
ability of the natural landscape. The environmental status after 30 years of existence metallurgical
plant confirmed that the investor (the State) did not address the issue of waste and failed to consider
the fact that the content of nickel is only 1% in the one tonne of lateritic-iron ore imported from the
Albania. Annual production of nickel was only 1% of the annual production of waste (300 000 t
lúženec). The aim of this paper is to highlight on secondary structure of the landscape at the landfill as
it has evolved in a last 30 years.
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The landfill of the industrial waste of lúženec is located in the Podunajská nížina - Lowland on the
floodplain of Váh River in the altitude 125 m near the brownfield of former factory for nickel
production in Sere on west Slovakia. Area of the landfill is currently 37 ha, height 45 m and volume
of approximately 7 million tons.
2. METHODOLOGY
The methodology is based at the field research the secondary landscape structure. On the basis of the
terrain research into land use = land cover and its functions as well as on the basis chemical analysis of
the samples of anthropogenic soils we defined the character of the territory of the landfill. Using the
interpretation of the colourful satellite orthophotographs in high resolution from the year 2009 and
digitalization of the spatial data there were identified 5 types unit - habitats the landfill of lúženec from
the aspect of vertical and horizontal structure.
3. PRIMARY LANDSCAPE STRUCTURE OF THE LANDFILL
The body of landfill is a part of intramountainous landscape (Mazur, Krippel, Porubský, Tarábek
1980) of lowland of temperate zone. According to the climatic regionalization of Slovakia, the area
under investigation belongs into the warm climatic region (Lapin et al., 2002). Character of the
landscape and its structure derives from equipment of locality and absolute geographic location, which
determines the structural features of the local landscape and the character of natural processes.
The space under the dump is constituted from fluvial clay-sandy and clay Holocene sediments with
thickness from 10 to 12 m . The landfill of lúženec is located on this basis without any isolation. From
the petrographic aspect the landfill of lúženec is a homogeneous body. Consists is of the fine material
of black colour which was created in the process of production of nickel during 30 years. The landfill
of lúženec is on the south, west and east in the contact with the arable lands on flat open plains and is a
significant anthropogenic barrier. From the aspect of coefficient ecological stability the territory is
above average utilized what is it in breach with natural structures. It belongs to the unstable regions of
Slovakia with low environmental quality. The material of lúženec has a high penetrantion. Rainfalls is
quickly penetrates into the lower layers and the rest of water is quickly evaporated because the lúženec
strongly absorbs solar radiation and thus are overheats (average annual rainfall is here 550 mm and
annual shortage of rainfall is 100 - 150 mm and the annual average number of summer days is more
than 60).
The landfill is the typical the convex unit of man -made landform on the surfaces. Has a shape of
morphologically markedly the man-made table-land. Is it incombustible form of the relief and was
formed from the accumulation of the waste. The surface of the landfill is slightly dissected, bordered
with steep slopes (inclination 10-45º). In present time is modeled by the gravitational, by fluvial and
by anthropogenic processes and these gradually changing the original shape of the landfill. From the
gravitational processes is functionally the creep from the fluvial processes is here the rain-splash
erosion, the rain-wash erosion and the gully erosion (all types of this processes underway together).
From the windy processes is active deflation and from the anthropogenic processes it is the surface
digging which accelerates all above mentioned processes. The most significant geomorphologic
process is the rain-wash erosion. Precipitation water and water from melting snow and water from
sprinkling are gradually concentrated into the rain-rill with orientation in the direction of the biggest
declination of the slopes and platform of the landfill (deep on the platform is 10 -20- 30 cm, on the
slopes 70 – 200 cm).
Deflation occurs in the areas damaged by mining and in the rest small complexes that are free of
vegetation cover (40 % of the surface). Predominant circulation of the wind systems in the year is here
158

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
NW and SE (50.2 %). The area is significant with high number hours of sunshine (more then 2000
hours) The Anthropogenic activity on landfill created a network of communications for the purpose of
mining and transport of lúženec and as well as other man-made landforms that are related to the
anthropogenic modification the landfill for its own mining.
The collectors of the underground waters are in the depth 2 - 3.5 m under the surface of the sediments
of the floodplain of the river under the landfill. The soil cover is represented by anthropogenic soils,
(Anthropo-Skeletic Leptosols, Šály et al., 2000 ) and the land cover consists from the methahemerobic
vegetation (Jurko, 1990) on the toxic industrial waste.
In the time horizon 1976 - 1980 at the landfill was installed anti-erosion system against the deflation
(system the sprinkling water) and simultaneously was realized experiment with reclamation of the
landfill (Banasová, Hajduk, 1984, Blaško, 1994). The experiment was successful but until after have
been research completed (in years 1993/94). The small part of the landfill was recultivated (8 ha). For
the reclamation of the landfill was necessary mixing the lúženec with sludge from the refineries of
sugar. Lúženec is toxically industrial waste and on the pure are adverse conditions for vegetation (Fig.
1.).
4. SECONDARY LANDSCAPE STRUCTURE
The secondary structure of the landscape is the original file of anthropogenic transformed the elements
of nature and artificial new created elements that are currently deployed on the Earth surface.

Fig. 1 The five habitats on the landfill of lúženec.
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Newly created artificial elements that are results by human activities are also integrated into this
category of secondary landscape structure.The investigated locality of the landfill is one of them. The
goal of the paper was to examine the qualities that the landfill is different from the natural landscape
dynamic system in the surrounding where was founded. The structure of the dump is determined of the
site its occurrence. The factory for the production of nickel was canceled in the year 1993. From this
time the landfill is modelled from the processes: of reclamation, geomorphologic processes of running
water and processes of anthropogenic activities - extraction of lúženec. According of the secondary
structure we are divided the landfill into five physiognomic dissimilar habitats (Fig. 1):
The first habitat: the plateau and slopes of the landfill with mining of lúženec,
The second habitat: the massive slopes of the landfill,
The third habitat: the reclaimed part of landfill,
The fourth habitat: the plateau of the landfill with the woods vegetation,
The fifth habitat: of creep-wash lúženec.
The first habitat: the plateau and slopes of the landfill with mining of lúženec: the slope of the
plateau the landfill is 1-10º, the slope here is changing daily according frequencies of mining. The
surface of the habitat is transformed with the machines of mining by natural processes – mainly by
deflation, less by aqueous erosion and has not the coherent vegetation only small areas of plants sizes
about few decimetres which occur sporadically, these are only relics (Dactylis glomerata, Poa
pratensis and Festuca rubra) after unsuccessful process of seeding in the years 1976-1978 and 1980.
According to the chemical analysis of anthropogenic soils (150 m altitude) in the kilogram of lúženec
is here 2 920 mg Ni, 24 300 mg/kg Cr, 300 mg/kg Zn and 49.0 mg/kg Cu. The content of Al2O3 is 3.3
% and the content of Fe2O3 is 78 %. The content of the fraction below 0.01 mm is 11 %, pH 8.3 strongly alkaline and without humus (C: N = 0.74: 0.05). The area is the biggest source of the
polymetallic dust, which influences human organism mechanically, toxicologically, causes the allergy
and has carcinogenic effect (Ni and Cr). Pure lúženec has a low water capacity, high evaporation and
temperature (34 ºC on the surface), low content of potassium and phosphorus (Fig. 2. , Table 1.).
Table 1. Chemical analysis the soil in first habitat.
Measurand

Unit

pH (H2O)

A Horizon

Method

8.50

E

TCC

[%]

0.05

HTO

C

[%]

0.74

EA

N

[%]

0.05

EA

Fe2O3 T. content

[%]

78

RFS

Al2O3

[%]

3.27

RFS

Ni

[mg/kg]

2 920

RFS

Cr

[mg/kg]

24 300

RFS

Cu

[mg/kg]

49.0

RFS

Zn

[mg/kg]

300.0

RFS

[%]

11.1

AS

Fraction

0.01

Source: Geoanalytical laboratories GUDŠ Slovakia
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Fig. 2. Industrial waste from the production of nickel
The second habitat: the massive slopes of the landfill: the slopes of landfill are short and steep with
slope 40-45°, they are transformed by means of the geomorphological processes of the creep-wash and
by means of linear erosion and deflation. The erosion gully are somewhere deep 1.5 - 3.0 m, erosion
furrows are shallow. By means of the deflation are formed aeroxysts. These slopes can be divided into
two types. The first type have a sporadic vegetation cover, respectively is without vegetation cover
and the second type have herbal-grassy vegetation cover (Fig. 3.).

Fig. 3 Soil profile on the slopes of the landfill with grass - herbal vegetation
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Table 2. Chemical analysis the soil in second habitat.
Measurand

Unit

pH (H2O)

A horizon

Method

8.24

E

TCC

[%]

0.12

HTO

C

[%]

0.96

EA

N

[%]

0.06

EA

Fe2O3 T. Content

[%]

74.5

RFS

Al2O3

[%]

3.10

RFS

Ni

[mg/kg]

3 151

RFS

Cr

[mg/kg]

21 880

RFS

Cu

[mg/kg]

73.0

RFS

Zn

[mg/kg]

330.0

RFS

[%]

11.9

AS

Fraction

0.01

Source: Geoanalytical laboratories GUDŠ Slovakia
The vegetation cover is formed through the succession and is sporadically on the slopes of eastern
exposition, the slopes southern and western exposition are very warm and have not the vegetation. The
predominant type is type without vegetation cover an area of about 3.5 ha. The second type occupies
about 1.7 ha. Slopes without vegetation are affected by significant gully erosion and deflation, and
chemical analysis of soil samples close to those on the platform.
According to the chemical analysis (the probe in 135 m altitude on the slopes with herbal-grassy
vegetation cover) the soil is strongly alkaline (pH 8.2), no humus (C: N = 0.96: 0.06) with high content
of Fe2O3 (total content is 74.5 %) and content Ni is 3 151 mg/kg, Cr 21 880 mg/kg. The content of
Al2O3 is 3.10 %, Cu 73 mg/kg and Zn 330 mg/kg. The contribution of the fraction below 0.01 mm is
12 %. The profile of the soil is markedly fluffy (in throughout the soil profile 80 cm) and predisposed
to the erosion (the profile of the soil is a subject to the rejuvenations) and on the slopes with herbal
vegetation is significantly rooting in superficial horizon in the soil (Fig. 2) In the chemical analysis of
the soils between the first and the second habitats are the minimal differences (Table 2.).
The third habitat: the reclaimed part of the landfill occupied approximately 8 ha of the dump. It
has flat, slightly sloping surface (3 - 10°). In the marginal part the landfill (on SE of the landfill) there
are shallow and the wet depressions. The vegetation cover in this area is inhomogeneous. Predominate
localities with grass and small areas in the wet depressions are covered with Fragmites communis. The
reclaimed part of the landfill is predominantly covered with the vegetation of herbs and grasses, which
is represented by monocenousis of Artemisia absinthium. Experiments scientific of the Institute of
experimental biology and ecology of SAS in Bratislava shown that the pure lúženec
As well as the industrial waste from the production of nickel has the worst properties on the
reclamation. Reclamation of the landfill is possible only with addition of 20% sludge from sugar
factory. The sludge from sugar factory and of the washing of beet and waste from sewage tank contain
a high proportion of organic remains and CaCO3. Research enabled the reclamation of the one part of
landfill in the years 1993/94 (8 ha). On the landfill planted herbs and grass Festuca rupicola, Dactylis
glomerata, Lolium perenne, Arrhenatherum elatus and others species. Chemical analysis of the soils
profiles (probes in the altitudes 131 - 159 m n. m.), show the different character of anthropogenic soils
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when compared with the previous habitats (Tables 3., 4., 5., 6.). In the third habitat soils are also
differentiated according to micro morphological conditions.
Table 3. Chemical analysis the soil in third habitat.
Measurand

Unit

pH (H2O)

A horizon

B horizon

C horizon

Method

7.93

8.86

8.90

E

TCC

[%]

4.56

2.27

0.05

HTO

C

[%]

8.29

11.9

1.05

EA

N

[%]

0.55

0.33

0.05

EA

Fe2O3 T. content

[%]

47.0

7.97

74.0

RFS

Al2O3

[%]

1.90

0.78

2.99

RFS

Ni

[mg/kg]

1 782

208.0

3 102

RFS

Cr

[mg/kg]

13 870

2 217

23 110

RFS

Cu

[mg/kg]

30.0

34.0

66.0

RFS

Zn

[mg/kg]

196.0

63.0

301.0

RFS

[%]

17.2

47.4

10.9

AS

Fraction

0.01

Source: Geoanalytical laboratories GUDŠ Slovakia
Table 4. Chemical analysis the soil in third habitat.
Measurand

Unit

pH (H2O)

A horizon

B horizon

C horizon

Method

7.80

8.25

8.51

E

TCC

[%]

8.15

1.63

0.14

HTO

C

[%]

11.70

5.92

0.73

EA

N

[%]

1.01

0.28

0.06

EA

Fe2O3 T. content

[%]

45.0

43.40

76.6

RFS

Al2O3

[%]

2.08

2.17

3.70

RFS

Ni

[mg/kg]

1 705

1730

3 118

RFS

Cr

[mg/kg]

13 160

12 430

21 870

RFS

Cu

[mg/kg]

68.0

62.0

69.0

RFS

Zn

[mg/kg]

219.0

207.0

290.0

RFS

[%]

15.5

27.7

11.3

AS

Fraction

0.01

Source: Geoanalytical laboratories GUDŠ Slovakia
In horizon of humus are weakly and moderately alkaline (pH from 7.6 to 7.9) grey-black colors. In the
deeper horizons are moderately, strongly till very strongly alkaline (pH from 8.2 to 9.3). The total
content of organic carbon varies in a range between 1.63 – 9.76 % and the proportion of C: N is 5.8 :
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1.24. Underneath of humus horizon in the profile of soils located white horizon. The content of Fe2O 3
in compared with pure lúženec in surface horizons and below them decreases by half or one-third. The
content Ni and Cr in this layer is only half or one- third compared to the previous habitats as well as
the content of Cu and Zn. In the soil is increase proportion of the fraction below 0.01 mm on 27 – 47
%. In the basis of the probes is the pure lúženec as the parent substrate. Changes in the soils profile in
this habitat from the aspect content of heavy metals is possible to explain with the admixture of above
mentioned reclaimed sludge (Fig. 4., 5., 8.).
The fourth habitat: the plateau of the landfill with the wood vegetation occupies the space at the
landfill, which is situated between habitat the reclaimed part of the landfill and the habitat plateau and
slopes of the landfill with mining of lúženec. The habitat is represented on the plateau of the landfill
which is slightly degraded with erosion (small land forms of relief). Land cover is in this habitat
formed Populus canescens, Populus tremula and these wood species have an irregularly spacing
(sparse forest). The undergrowth is formed by Calamagrostis epigejos and other few herbs.Land cover
is created here from out raid woody plants in this part of the plateau of the landfill that is not disrupted
of mining. They are short-lived woody plants Anthropogenic soil are according to chemical analyses
are moderately alkaline (pH 7.9 – 8. 36). The total content of organic carbon is 0.85 % and the
proportion of C: N is 2.06: 0.19. Total content of Fe2O3 is 74 -76 %. Share Ni in superficial horizon is
2 655 mg/kg, in sub-superficial horizon is the share higher 3 061 mg/kg and the share Cr is here 22
600 mg/kg. The percentage of the fraction below 0.01 mm is 10.5 –8.6 % (Table 7.). In the soils are
not here white horizons (Fig. 6.) and they are in its whole profile markedly black (have not been
reclaimed).
Table 5. Chemical analysis the soil in third habitat.
Measurand

Unit

pH (H2O)

A horizon

B1 horizon

B2 horizon

C horizon

Method

7.89

8.62

9.30

8.78

E

TCC

[%]

9.41

2.42

2.16

0.10

HTO

C

[%]

13.30

9.86

10.4

0.79

EA

N

[%]

1.24

0.38

0.33

0.06

EA

Fe2O3 T. content

[%]

43.90

16.00

11.10

76.40

RFS

Al2O3

[%]

2.18

2.02

1.61

3.13

RFS

Ni

[mg/kg]

1 721

971

825

3 053

RFS

Cr

[mg/kg]

12 210

4 044

2 744

21 360

RFS

Cu

[mg/kg]

60.0

111.0

114.0

51.0

RFS

Zn

[mg/kg]

213.0

231.0

213.0

289.0

RFS

[%]

14.2

35.0

39.7

11.2

AS

Fraction

0.01

Source: Geoanalytical laboratories GUDŠ Slovakia
The fifth habitat: the lúženec of creep-wash. The habitat occupies the area under the foothill of the
landfill in the west, north and north-east part. The surface of the habitat was developed under the
influence of the anthropogenic processes. Here is located several types of forms of micro- landforms
(for example: a depression, the small ridges etc.). The habitat coverage with the vegetation is higher
than 70 % and the species have a higher abundance and the dominance too. Wood species are
represented by Populus canescens, Populus tremula, Betula verrcucosa. Deeply-rooted species are

164

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net

Fig. 4. Sludge from sugar factory in the soil profiles in third habitat on the landfill
Table 6. Chemical analysis the soil in third habitat.
Measurand

Unit

pH (H2O)

A horizon

B horizon

C horizon

Method

7.59

8.21

8.68

E

TCC

[%]

9.76

2.99

0.12

HTO

C

[%]

15.80

11.01

0.97

EA

N

[%]

1.16

0.38

0.06

EA

Fe2O3 T. content

[%]

28.50

18.70

72.10

RFS

Al2O3

[%]

1.77

1.91

3.88

RFS

Ni

[mg/kg]

1 165

641

3 105

RFS

Cr

[mg/kg]

8 937

4 873

20 110

RFS

Cu

[mg/kg]

50.0

31.0

72.0

RFS

Zn

[mg/kg]

155.0

95.0

291.0

RFS

[%]

30.20

46.40

11.2

AS

Fraction

0.01

Sonda F Source: Geoanalytical laboratories GUDŠ Slovakia
represented by Cardaria draba, Carduus acanthoides Convolvulus arvensis. The plants of ruderal
species Agropyrum repens, Artemisia vulgaris, Reseda lutea are characteristic for this area too.
Anthropogenic soils have the similar profile and character as of the reclaimed habitat of the landfill. In
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the close vicinity of the landfill is the arable soil. Large part of these soils is significantly contaminated
by excessive content of Ni and Cr and most of them should be excluded from the agricultural soil
fund.

Fig. 5. The sludge from sugar factory in the soil profiles in third habitat.

Fig. 6. Soil profiles on the plateau the landfill
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Table 7. Chemical analysis the soil in fourth habitat.
Measurand

Unit

pH (H2O)

A horizon

B horizon

Method

7.98

8.36

E

TCC

[%]

0.85

0.09

HTO

C

[%]

2.06

1.02

EA

N

[%]

0.19

0.06

EA

Fe2O3 T. content

[%]

74.4

76.0

RFS

Al2O3

[%]

3.46

3.06

RFS

Ni

[mg/kg]

2 655

3061

RFS

Cr

[mg/kg]

22 600

22 350

RFS

Cu

[mg/kg]

30.0

56

RFS

Zn

[mg/kg]

253.0

273

RFS

[%]

10.5

8.6

AS

Faction

0.01

Source: Geoanalytical laboratories GUDŠ Slovakia.

Fig. 7. Reclaimed part of the landfill and unreclaimed.
5. CONCLUSIONS
Growing claims of human to satisfy meet the needs of its existence indicates the increase creation of
man-made forms in the landscape in the future. Their number and diversity from the aspect of
composition will increase and as well their impact on the environment and on the natural processes.
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Under their influence are changing the circulation of substances in the country, the climate, soil,
quality of water, biota, etc. Development of a new balance can not be reliably predicted. Man-made
forms represent for the human society the uncertainty in environmental quality, and occasionally his
comprehensive threats. The paper shows that the geoecological processes of this sector landscape
sphere are unable integration existing landfill into the landscape structure to master. The landfill acts
as a significant stress factor on the surrounding area and substantially affects the health status of the
population. The most serious problem is the emissions the toxic dust from the areas the landfill that are
not covered by vegetation into the surroundings where there are the contamination of groundwater,
surface water and soils. The minimum redevelopment of the landfill, which would have resolved the
emissions of the toxic dust is the grassing over.
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Abstract
In the last few years we observed a “boom” for implementation and certification of environmental
management systems ISO 14001. The question is how not only to obtain certificate, but to maintain
programs for sustainable development of the environment. Good international techniques are Lean
and Six Sigma methods. The authors will present their experience for applying these teqniques with
ISO 14001.
Key words: environment, management system, sustainable development, risk, model
. INTRODUCTION
ISO 14001 2004 is an environmental management standard. It defines a set of environmental
management requirements for environmental management systems (EMS) (ISO 14001.2004). The
standard is intended to assist variety of organizations to protect the environment, to implement
pollution prevention strategies, and to improve their environmental performance. This paper presents
value-added project for EMS implementation. The authors used generic ABC Environmental
Company to avoid advertisement and conflict of interest. The environmental company has less than
one hundred employees. Since the standard is so broad, the paper addressed risk assessment methods,
Plan, Do, Check, Act (PDCA) cycle, significant aspects evaluation decision making tree, Lean Six
Sigma (LSS) tools implementation, and residual risk reduction. (ASQ PDCA)
One of the difficulties with EMS is to establish proper procedures for environmental aspects
determination and evaluation (ISO 14031.1999). This process presents difficulties due to significant
variation of the environmental aspects. The main goal of the paper is to establish common procedures
for aspects scores reduction. LSS principles are combined with risk assessment tools, variation
reduction and sustainability methods.
The proposed EMS implementation addresses environmental, safety and health needs in the risk
assessment processes to prevent or minimize the work-related hazards and risks associated with the
use, storage, maintenance, and disposal of environmental aspects. One of the goals is to educate
engineers, chemical and equipment manufacturers, environmental, health and safety (EHS)
professionals, business leaders, and workers to understand and implement EMS methods and apply
this knowledge and skills to reduce risk and prevent pollution.
One of the many challenges EHS professionals are facing is developing skills to convince the
management to maximize the effectiveness of the EMS program and consequently increasing
productivity. EHS professionals have to help the management transform EMS into an accepted
business value for the organization. In order to be successful, the EHS students and professionals have
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to learn to use the EMS LSS principles and incorporate them into standard business practices. A major
hurdle to the adoption of EMS is the perception that the EMS cost/benefit ratio is unfavorable. EHS
professionals should recognize business cost drivers and justify EMS implementation expenditures in
the early aspects adoption and product development stage. Therefore, the author developed EMS
model that incorporates LSS, risk assessment, aspects scores variation reduction and residual risk
reduction. To demonstrate the applicability of the model; the author selected a case study that was
suitable for practical demonstration and educational module.
. PROBLEM DESCRIPTION
According to ISO 14001 procedures, every environmental aspect will have to be evaluated (ISO
14004.2004). This project defines the evaluation criteria used to determine the degree of significance
of each aspect on the Environmental Aspects & Impacts List, upon the identification and inclusion of a
new aspect to this list. The following ENVIRONMENTAL ASPECT SIGNIFICANCE
DETERMINATION SYSTEM was developed.
1.0

PURPOSE

The key to a successful registration for conformance with ISO 14001 is to precisely determine the
organization's Environmental Aspects and Impacts. EMS team should evaluate which aspects are the
most significant and therefore require the most attention. Two definitions should be introduced before
the initial evaluation takes place.
"3.3 -- Environmental Aspect: Element of an organization's activities, products or services that can
interact with the environment.
# A significant environmental aspect is an environmental aspect that has or can have a significant
environmental impact." and
"3.4 -- Environmental Impact
Any change to the environment, whether adverse or beneficial, wholly or partially resulting from an
organization's activities, products or services." (ISO 14001)
There are three distinct requirements contained within section 3 of ISO 14001.
a.The organization shall identify the environmental aspects of its activities, products and/or services.
In other words the organization must understand how it interacts with the environment.
b.The organization shall identify the specific environmental aspects that can be controlled, and over
which it can be expected to have influence.
c.Arrive at a list of significant environmental aspects based upon the individual environmental impact
of each environmental aspect. The importance of this third step cannot be underestimated. The final
list of significant environmental aspects will provide the basis for the Environmental Policy statement,
and the Environmental Objective(s) and Targets. In other words the list of significant environmental
aspects drives the entire content and scope of the operational portion of the EMS.
An example of Significant Environmental Aspects (SEA) decision making tree is presented below.
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Fig. 1. SEA decision making tree model

This procedure defines the evaluation criteria used to determine the degree of significance of each
aspect on the Environmental Aspects & Impacts List, upon the identification and inclusion of a new
aspect to this list, or upon updating an existing aspect.
2.0

SCOPE

This procedure applies to all aspects on this list.
3.0

RESPONSIBILITIES

It is the responsibility of the Process Review Team Leader to modify this list according to the input
received by the process review team.
4.0

PROCEDURE

Content Requirements of Environmental Aspects
• understand how it interacts with the environment
• control versus influence
• arrive at a list of significant environmental aspects based upon impacts
• develop a procedure to support the decision making process
Identify Environmental Aspects
All of the organization's activities, products and/or services must be included within the environmental
aspects review framework. The organization must assemble a listing of potential environmental
aspects. The purpose of this activity is not to determine the importance of each aspect. The purpose is
to create a complete listing of how the organization interacts with the environment. The organization
must include the effect of non-routine situations in the listing such as emergency conditions, start-up
and shutdown activities. The procedure that is developed to produce the list of environmental aspects
must recognize the concept of continual improvement. The procedure and the list of aspects can be
influenced by future actions such as new legislation, changes in operations, etc. The Management
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Review (4.6) section mandates continual improvement because the environmental management system
must be reviewed on a periodic basis to insure that it is still effective based upon the organization's
activities, products and/or services. (ISO 14001)
The process of arriving at a list of Significant Environmental Aspects must be a reasonable and
understandable procedure. Therefore, the following scoring procedure was developed. The procedure
is intended to help the EMS team streamline the scoring process and evaluate the risks.
There are 3 major sections that make up the Environmental Aspects & Impacts Scoring List:
• Significance Scores without Controls
• Significance Scores with Controls
• Overall Significance Rating Chart
Common to these 3 sections are the following:
• Location
• Department
• Index
• Aspect
• Impacts to Environmental Properties
• Polarity Adjustment
• Impact Subtotal
• Frequency
Location, Department, Index, Aspect
Location and Department columns have been provided as an option to further define the Aspect, if
necessary. In some cases the aspect might be significant enough in more than one location and/or
department to warrant an additional score of that aspect in more than one line item. In most cases the
aspect will only require a single line item listing, but an indication of a more specific location and/or
department might be necessary to track that aspect in the event it changes ownership or location
throughout its lifecycle at ABC. The absence of an indicator in either field indicates “not applicable”
or “all of the above”. The Location and Department legends are shown below:
Locations
l

Laboratory

w

Warehouse Building

f

Field (in general)

t

T Building

a

Abatement Building

Departments
a

Abatement

r

Remediation
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k

ABC Supply

it

Information Technology/Securities

o

General Overhead

ac Accounting
hr Human Resources
The Index column is a serialized alphanumeric designator to differentiate each line item as new
aspects are added to the list. The letter designator is used to define in what process the aspect was
discovered. It is possible that an aspect might be discovered in multiple processes, and requires more
than one line item listing and index designator. The number designator will be incremented with
respect to the last number assigned within each letter upon the addition of a new aspect to the list.
This legend defines those letters and their processes:
f

Field Process

a Administration Process
Impacts to Environmental Properties
Each of the 10 Impacts to Environmental Properties will be rated using:
+1, -1, or 0 rating. Where:
+1

Means that aspect has a positive impact on the environment for that property.

-1

Means that aspect has a negative impact on the environment for that property.

0 Is used when an aspect has no impact on the environment for that property, or when that property
is not applicable for that aspect.
When rating the impacts in the Significance Scores without Controls section, consider the aspect’s
impact on that property in an unregulated environment, in and of itself, and outside of any controls
ABC might have on it in a worse-case scenario.
When rating the impacts in the Significance Scores with Controls section, consider the aspect’s impact
on that property under ABC’s complete control within its current regulations and operational
standards.
Impact Subtotal and Polarity Adjustment
These 10 impacts will then be summed together into an Impact Subtotal. That subtotal will then be
used in the remaining Significance Score’s calculation. In the event the subtotal equals zero, a
Polarity Adjustment value will be substituted as a replacement to the Impact Subtotal and instead be
used in the remaining Significance Score’s calculation. Without this polarity adjustment, that
calculation, which is a product of several factors, would use this unacceptable zero factor and generate
a meaningless zero score.
In the Significance Scores without Controls section, the Polarity Adjustment will be a value of -1.
In the Significance Scores with Controls section, the Polarity Adjustment will be a value of +1.
An example of environmental aspects evaluation procedure is presented below.
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Fig. 2. Environmental aspects evaluation procedure example

Frequency
Frequency is a rating that indicates the frequency of use of an aspect by ABC, or the frequency of that
aspect’s presence on ABC’s property. It will be determined using as scale of 1 to 4:
1 Rarely
2 Infrequently
3 Frequently
4 Continuously
This value will be the same for both sections:
-Significance Scores without Controls
-Significance Scores with Controls
The following 3 ratings are to be used in the Significance Scores without Controls section only:
Impact Severity
Impact Severity is a rating that indicates how severe the aspect might impact the environment in the
event of an uncontrolled full release. It will be determined using as scale of 1 to 3:
1 Low
2 Medium
3 High
Impact Probability
Impact Probability is a rating that indicates how probable the aspect might impact the environment in
the event of an uncontrolled full release. It will be determined using as scale of 1 to 3:
1 Low
2 Medium
174

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
3 High
Legal Risks
Legal Risks is a rating that indicates the degree of risk and the probability of a law suit in the event of
an uncontrolled full release of that aspect in the environment. It will be determined using as scale of 1
to 3:
1 Violates Environmental Industry-Specific Regulations
2 Violates General Regulations
3 No Known Risks
The following rating is to be used in the Significance Scores with Controls section only:
Current Controls
Current Controls is a rating that indicates the degree of control ABC currently has on that aspect. It
will be determined using as scale of 1 to 3:
1 Acceptable
2 Needs Improvement
3 Unacceptable
Significance Score for Significance Scores without Controls Section
The Significance Score in this section is calculated using the following equation:
The sum of Impacts to Environmental Properties multiplied by, Impact Subtotal or Polarity
Adjustment multiplied by, Frequency multiplied by, Impact Severity multiplied by, Impact Probability
multiplied by, and Legal Risks.
An example of environmental aspects evaluation procedure that includes Frequency, Severity,
Probability and Legal Risks is presented below.
Fig. 3. Environmental aspects Risk Assessment evaluation procedure example

Significance Score for Significance Scores with Controls Section
The Significance Score in this section is calculated using the following equation:
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The sum of Impacts to Environmental Properties multiplied by, Impact Subtotal or Polarity
Adjustment multiplied by, Frequency multiplied by, Current Controls.
Once the hierarchy of controls is established, significant scores could be evaluated again. An example
of significance scores with controls is presented below.
Fig. 4. Environmental aspects evaluation procedure including controls example

Overall Significance Rating Chart
This last section calculates an overall significance rating called Score Spread for each aspect and
provides a color-coded graphical representation to compare each aspect’s rating. Once all scores have
been established and calculations made, the entire list can be sorted by Score Spread to reveal the most
extreme ratings from highest to lowest.
This rating is calculated as follows:
The absolute value of the difference between, Significance Scores with Controls & Significance
Scores without Controls.
Fig. 5. Environmental aspects evaluation of the difference between, Significance Scores with
Controls & Significance Scores without Controls
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The larger the value of the spread, the more extreme (higher) the rating, which generally translates
into the following:
The more hazardous the aspect, typically the more controls ABC applies to that aspect. The
evaluation team may decide to use color coding to visualize the risks and shade the more extreme
ratings in a darker red region.
The graphical representation is calculated by finding the minimum and maximum values of all Score
Spreads available.
After the initial Environmental Aspects evaluation, it became obvious that aspects without controls
have enormous significance scores variation.
. SOLUTION TO THE PROBLEM
In order to reduce variation, new control methods had to be proposed for each environmental aspect.
The objective of the project is to reduce aspects significance scores and the target is to demonstrate
statistically significant reduction of significance scores. New tools and statistical methods were
developed to solve the problem. Lean Six Sigma tools were utilized. The new tool is based on PDCA
approach described in the Lean Six Sigma: process Improvement Tools and Techniques textbook
(Summers D. 2011). In addition, the risk assessment tool could be considered significantly expanded
version of failure modes and effects analysis (FMEA) methodology. (ASQ)
First, a histogram was prepared to demonstrate the enormous variation in the environmental aspects
scores. Please see figure 6. below.
Figure 6. Significance scores histogram

Second, standard MS Excel tools were used to calculate and compare the mean, mode, median, range,
standard deviation, variance, Kurtosis and skewness (StatSoft). Other tools, such as QI Macros are
also available, but the author utilized standard MS Excel functions (LSS Tools).
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Please see the table below.
Table 1. Significance scores.

It was determined that there was significant difference between the scores without controls and the
scores after the process control. After that, the author used t-test to determine if the difference was
statistically significant. (StatSoft T-test) T-test showed statistically significant difference. T critical
was 1.66 and t-stat was – 4.21.
The objective was to reduce aspects significance scores. Our target was to demonstrate statistically
significant reduction of significance scores. The project should be considered successful. It reduced
standard deviation by nearly 79%. The mean and the median scores were also significantly reduced.
The required resources for the project were not related to purchasing of new equipment and software.
However, significant investment in time and personnel is required. The development of such system
required approximately one hundred and fifty (150) hours of EMS sponsor’s time. In addition EMS
team meetings and individual interviews resulted in additional five hundred and fifty (550) hours of
various team members time. It will be difficult to justify such expense if the organization is not fully
committed to Environmental, Health and Safety excellence.
V. CONCLUSIONS
Reduction of Aspects significance scores was achieved. The project demonstrated statistically
significant reduction of significance scores. The project was successful and accepted by the
management. It reduced standard deviation by nearly 79%. The mean and the median scores were also
significantly reduced.
EHS professionals have to develop management skills and diversify their knowledge to overcome
difficulties during such projects. After the initial analysis, it became clear that such significant
investment in EMS significance scores variation reduction projects can’t not be easily justified based
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on risk assessment alone. Future leaders in the safety profession will have to develop statistical skills
and demonstrate knowledge in financial management. In order to defend such projects, EHS
professionals have to be familiar with variety of risk management techniques, LEAN Six Sigma tools
and financial management principles.
Being an expert in environmental compliance is not enough to complete successful complex projects.
Complex projects require multi-disciplinary knowledge and cross-disciplines management skills.
Safety leaders have to become familiar with different organizational structures and variety of
stakeholders interests to complete such projects. EHS professionals have to be prepared to deal with
various levels of the organizational management and demonstrate competencies.
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SUPPORTED Co3O4 AS EFFICIENT CATALYST FOR ADVANCED OXIDATION
OF TEXTILE AZO-DYE ORANGE II WITH OXONE
Iva A. Slavova, Maria K. Stoyanova, Stoyanka G. Christoskova, Dimitar D. Petrov
Department of Physical Chemistry, Paisii Hilendarski University of Plovdiv,
24 Tzar Assen Str., Plovdiv 4000, Bulgaria

Abstract
The catalytic activity of supported nanosized Co3O4 for oxidative degradation of Orange II through
sulfate radicals (SRs) approach has been studied. A mixture of activated carbon and cation exchange
resin (AC-CER), contained in exhaust filter cartridges manufactured by BRITA was used as a catalyst
support material. The kinetics and the effects of several parameters on the degradation efficiency of
the oxidation process were investigated. The Co3O4/AC-CER catalyst exhibited high activity in Orange
II degradation and complete dye removal could be achieved in 10 min at ambient temperature and
without pH adjustment. Quenching studies with specific alcohols were also performed to provide
information regarding the type of the dominant active radicals generated from the Co3O4/AC-CER mediated decomposition of Oxone. Results obtained reveal that the as-prepared catalyst could be
potentially used in advanced oxidation technologies towards the removal of organic dyes.
Key words: Orange II, advanced oxidation, supported Co3O4, Oxone, wastewater treatment
1. INTRODUCTION
Environmental pollution is still one of the most serious and urgent problem for modern society.
Among the pollutants currently released especially into the water systems are organic dyes. The
origins of these dyes are usually from the dye-manufacturing and dye-consuming industries such as
textiles, food-stuff, cosmetic, leather goods, industrial painting, pharmaceutical or paper printing. A
sizable fraction of about 5–10% of the dyestuffs is lost during the dying process and is released in the
effluents from the above industries with a concentration varying from the range of 10–10 000 mg/L
(Wang & Chu 2011; Barka et al. 2010). Majority of dyes are considered hazardous to the environment
because have direct toxicity to microbial populations and even can be toxic and/or carcinogenic and
mutagenic to human beings (Bouhent et al. 2011; Wang & Chu 2011; Jin et al. 2008). Furthermore,
residual dyes can consume the dissolved oxygen, which interferes with the growth of aquatic
organisms as well as they inhibit sunlight penetration into stream thus reducing reduce the
photosynthetic reaction (Ferna´ndez et al. 2011; Couto 2009). Therefore, discharging of untreated dyes
in waterways not only introduces aesthetic concerns, but more importantly, it represents an increasing
threat to the surrounding ecosystem. Special emphasis is paid on azo-dyes since they represent about
one- half of all commercial dyes in industrial use and are also the most common synthetic colorants
released into the environment (Aksu & Gücer 2010; Rajeshwar et al. 2008). The complex structure
and a high degree of chemical, photolytic, and microbiological stability make most of the modern azo
dyes resistant toward biodegradation. Besides, most commonly practiced non-destructive physicochemical methods for the removal of dye pollutants such as adsorption, flocculation, membrane
separation, etc. have already proven to be inefficient because secondary pollutants are generated, thus
requiring further treatment (Arslan-Alaton & Ferry 2002; Slokar & Le Marechal 1998; Brown et al.
1993; Yang et al. 2010). Chemical oxidation techniques and especially chlorination and ozonation are
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still widely used treatment technologies but are also relatively inefficient for the decolorization and
degradation of many azo dyes and have high operating costs processes (Rajeshwar et al. 2008).
Currently, the so-called advanced oxidation processes (AOPs) have attracted great scientific and
technological interests and importance (Anipsitakis & Dionysiou 2004a, 2004b; Sun et al. 2012;
Madhavan et al. 2006; Comparelli et al. 2005) for complete degradation of biorefractory organics in
industrial effluents. AOPs are based on the oxidation ability of the free radical species, usually
hydroxyl radicals, generated by physicochemical processes. These radicals are extremely reactive and
can readily attack organic molecules, ultimately resulting in the mineralization of a variety of
pollutants (Rajeshwar et al. 2008; Yang et al. 2010; Buxton et al. 1988). The potential elimination of
contaminants through radical reactions, the mild reaction conditions, and the use of cheap and
environmentally friendly oxidants (e.g., hydrogen peroxide, peroxydisulfate PDS and
peroxymonosulfate (PMS) determine the advantage of AOPs over conventional oxidation processes
(Shukla et al. 2010; Ahmed et al. 2012). In recent years, innovative advanced oxidation technology
based on the generation of sulfate radicals SO4• (SRs) has gained great importance and has been
found to be a more efficient way to completely degrade most organic pollutants (Sun et al. 2011; Yang
et al. 2010; Rastogi et al. 2009; Shi et al. 2012a; Anipsitakis & Dionysiou 2003, 2004a, 2004b).
Compared with hydroxyl radicals, SRs possess a higher oxidation potential, a longer half-life and are
more selective in degrading variety of organic contaminants in water (Anipsitakis & Dionysiou 2003;
Ball & Edwards 1958; Muller et al. 1996; Shi et al. 2012a). Sulfate radicals can be generated by the
activation of sulfate-based oxidants (PMS and PDS) with heat, UV radiation and/or transition metal
ions. A series of studies have proven that Co2+ is the most efficient catalyst for the activation of
peroxymonosulfate to produce SRs for complete degradation of persistent organic compounds in water
among the other transition metal ions such as Ag+, Co2+, Ce3+, Ni2+, Fe2+, Fe3+, Mn2+, V3+ and Ru3+
(Anipsitakis & Dionysiou 2003; Yang et al. 2010; Yang et al. 2008; Yang et al. 2009, Huang et al.
2009; Sun et al. 2009; Shukla et al. 2010; Su et al. 2012). The formation of sulfate radicals by Co2+
activation of PMS was described by the following chain reactions (Shukla et al. 2011):
Co 2

HSO5

Co3

SO4

OH

Co3

HSO5

Co2

SO5

H

SO4

H 2O

SO4

organics

SO42

OH

H

oxidation products

Although the homogeneous Co2+/PMS system exhibited high oxidation efficiency at very low catalyst
concentration and wide pH range, cobalt has not been regulated for water applications because it is
recognized as a priority pollutant in water. Due to the toxicity associated with cobalt ions, the
discharge of such ions in waterways could cause several diseases to animals and human beings. In
order to overcome the aforementioned disadvantages of the homogeneous Co/PMS reagent as well as
recycle limitation of catalyst, heterogeneous cobalt catalysts have attracted much attention because of
their high stability, durability, cost-effectiveness, and simplicity of handle and recovery.
Heterogeneous activation of PMS with Co3O4 – bulk and immobilized on various supports such as
TiO2, Al2O3, SiO2, activated carbon, etc. was extensively investigated by several researchers and a
good performance of the heterogeneous systemon degradation of 2,4- dichlorophenol and phenol has
been found (Anipsitakis et al. 2005; Yang et al. 2007, 2008). However, few investigations have been
reported in Co oxides (Chen et al. 2008) and supported Co oxides (Bensimon et al. 2007; Zhang et al.
2010; Shi et al. 2012a, 2012b) for degradation of organic dyes using PMS as oxidant.
The aim of present work was to explore the applicability of nanocrystalline Co3O4 particles supported
on mixture of activated carbon and cation exchange resin as a heterogeneous catalyst for oxidative
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degradation of monoazo-dye Orange II through sulfate radicals approach. The influence of various
reaction parameters (type and loading of catalyst, solution pH, and concentration of PMS) on the
degradation kinetics and efficiency were investigated. Quenching studies using ethanol and tert-butyl
alcohols were also carried out to identify dominating reactive radicals responsible for the degradation
process.
2. EXPERIMENTAL PART
2.1. Chemicals and reagents
Anionic monoazo dye Orange II (C.I. 15510), which belongs to the hydrosoluble phenylazonaphthol
dyes, was provided by Sigma-Aldrich and used without further purification. Orange II was chosen as a
model compound because it is a widely used in the dyeing of textiles, food, and cosmetics dying, in
weaving, tanning and paper industries and resistant to photodegradation and biodegradation (Stylidi et
al. 2004; Chen et al. 2008). Potassium peroxymonosulfate (KHSO5) in the form of the triple salt,
2KHSO5.KHSO4.K2SO4, which is best known under the commercial name OXONE (DuPont) was
purchased from Sigma-Aldrich and used as oxidant. A mixture of granular activated carbon and cation
exchange resin (AC-CER) contained in the exhaust commercial drinking water filter system “BRITA”
was used as support material. Before use AC-CER was washed several times with hot distilled water
and then dried at 105oC in an oven. Other reagents including Co(NO3)2 6H2O, ethanol, tert-butyl
alcohol (TBA), and NaHCO3 were all analytical grade.
2.2. Catalyst preparation
Co3O4/AC-CER catalyst was prepared by incipient-wetness impregnation of support material with
cobalt precursor Co(NO3)2 6H2O in aqueous solution. After that, the solid was calcined in static air in
a programmable furnace at 500oC for 4h with a ramp rate of 2oC/min. The amount of cobalt loading
was 5 wt %. For a comparison, bulk Co3O4 was also prepared by precipitation method using NaHCO3
as a precipitating agent. 1M NaHCO3 aqueous solution was dropwise added to 0.5 M aqueous solution
of Co(NO3)2 6H2O until the solution pH reach 9. Thus formed precipitate was kept under continuous
stirring for 1 h at room temperature. After filtration, washing several times with distilled water and
drying at 105oC for 2 h, the as-obtained precursor powder was calcined at 773 K for 4 h in static air.
2.3. Experimental procedure
The catalytic oxidation of Orange II was performed in batch mode at room temperature (20±2 oC) and
was conducted in a 250mL glass vessel under constant stirring at 300 rpm with a magnetic stir bar to
maintain the catalyst dispersed uniformly in reaction solution. In a typical run, 200 ml 50 mg/L
aqueous solution of an Orange II was transferred into the vessel and then specified amount of PMS in
the form of Oxone was added to achieve the predefined molar ratio of PMS/ Orange II and stirred until
dissolved. The experiments were started by the addition of a fixed amount of catalyst. Since Oxone is
an acidic oxidant and its addition led to a significant decrease of pH, the experiments were conducted
both at acidic (pH 3.5, no adjustment) and neutral (pH 7.0, adjusted with appropriate amount of 0.5 M
sodium bicarbonate solution) conditions. At given intervals, samples of 0.4 ml were withdrawn from
the suspension and were mixed immediately with 0.2 mL methanol as a quenching reagent to prevent
further reaction. Then the samples were centrifuged at 4000 rpm for 1 min to remove the catalyst. The
concentration of Orange II in the filtrate was determined by monitoring decrease in absorbance at the
maximum wavelength (486 nm) with UV–Vis spectroscopy using a UV-Vis spectrophotometer
(Cintra model 101). Some selected samples were also analyzed by high-performance liquid
chromatography using a Knauer Series HPLC system equipped with Smartline
2800 detector.
Separations were carried out by a Purospher Rstar RP-18e column (250 mm × 4.6 mm i.d.; silica
particle size 5 µm). The mobile phase consisted of acetonitrile mixed with water (A) (v/v; 20:80) and
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0.1% trifluoroacetic acid (B) at a flow rate of 0.7 mL/ min; a gradient elution from 100% A to 100% B
in 20 min was used. Detection was performed at 254 nm.
The Orange II degradation efficiency at time t was calculated according to the formula:
t

Co Ct
100, %
Co

where

and Ct are the initial and the dye concentration at time t (mg/L), respectively.

3. RESULTS AND DISCUSSION
In order to assess the catalytic performance of the prepared Co3O4/AC-CER material preliminary
experiments of Orange II removal under varying conditions were carried out including chemical
oxidation with PMS alone, adsorption of dye molecules on the catalyst surface, and heterogeneous
catalytic oxidation over both bare support and Co3O4/ AC-CER. Typical UV-Vis absorption spectra of
Orange II aqueous solutions obtained before and after treatment under aforementioned conditions are
illustrated in Fig. 1. The decrease of the absorption peak of Orange II at max = 486 nm indicated the
destruction of azo chromophore.
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Fig.1. UV–Vis spectral changes of Orange II in aqueous solution after treatment at various conditions
(50 mg/L Orange II; 0.15 g/L catalyst loading; Orange II/Oxone molar ratio= 5/1; pH=3.5; 22 oC)
The electronic absorption spectrum of initial Orange II solution (50 mg/L) shows in the visible region
a main band with a maximum located at 486 nm and a shoulder at 430 nm, corresponding to the
hydrazone and azo form of the dye, respectively. Other two bands registered in the ultraviolet region at
228 and 310 nm, are attributed to the
* transitions in the benzoic and naphthalene rings of AO7,
respectively. Fig. 2 shows the gradual decrease in Orange II concentration determined by UV–Vis
spectroscopy as a function of reaction time for different systems.
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Fig.2. A comparison of Orange II removal with time in adsorption and catalytic oxidation
(50 mg/L Orange II; 0.15 g/L catalyst loading; Orange II/Oxone molar ratio= 5/1; pH=3.5; 22 oC)
It was seen that a negligible degradation of dye occurred with Oxone alone. The removal efficiency
was less than 1% after reaction for 8 hours, indicating that non catalyst mediated activation of Oxone
is very slow. In another control experiment with Co3O4/AC-CER but without Oxone addition a minor
decrease in Orange II concentration by about 7 % in the first few minutes was registered and then a
plateau was reached, indicating minimal adsorption of dye on the catalyst surface. Quite similar dye
destruction efficiency was observed for AC-CER/Oxone system, implying that pure support could not
activate Oxone to produce sulfate radicals and Orange II removal from the solution in this case is due
to the dye adsorption on the support. However, the simultaneous presence of Co3O4/AC-CER and
Oxone in the solution significantly improved the removal rate of Orange II under the given conditions.
Complete destruction of dye chromophoric structure could be achieved within 30 min in spite of low
cobalt loading percentage (5 wt%) and very low catalysts concentration of 0.15 g/L. Remarkable
acceleration of oxidative degradation process mediated by heterogeneous Co3O4/AC-CER confirms
that decrease of Orange II concentration is due to the catalytic degradation of dye rather than its
nondestructive adsorption on the surface of the catalyst. Evidently, the as prepared catalyst has the
ability to activate effectively Oxone to generate active sulfate radicals, which resulted in more and
faster Orange II destruction.
A set of experiments were conducted to compare the catalytic performance of Co3O4/AC-CER with
that of unsupported Co3O4, the physical mixture of bulk material and AC-CER (the amount of Co was
kept at 5 wt %), and homogeneous Co2+ ions (from dissolved Co(NO3)2 salt). The amount of cobalt
ions was equivalent to that in the supported catalysts used for the reactions. The kinetics curves of
Orange II degradation under various experimental conditions are presented in Fig. 3.
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Fig. 3.Degradation kinetics of Orange II in different systems
(50 mg/L Orange II; 0.15 g/L catalyst loading; Orange II/Oxone molar ratio= 5/1; pH=3.5; 22 oC)
Results demonstrate that under the same operating conditions, the rate of Orange II degradation by
homogeneous Co2+ ions proceed more rapidly than heterogeneous oxidation using Co3O4/AC-CER
catalyst. Complete discoloration of dye solution catalyzed by Co2+ ions was reached in 15 min while in
the heterogeneous Co3O4/AC-CER /Oxone system the same degradation efficiency was achieved for
two times longer reaction period. Although the homogeneous approach is very efficient for destroying
dye molecule within a short duration of time, its practical application is limited due to the potential
health hazards caused by cobalt ions released in water as well as to the inability to separate the catalyst
from the solution and reuse. The observed difference in degradation kinetics of Orange II under
homogeneous and heterogeneous oxidation mode suggests that the activation of oxidant is mainly
heterogeneous taking place on the catalyst surface. It should be noted that Oxone is an acidic oxidant
and its addition in unbuffered water led to a significant decrease of pH. Therefore, leaching of cobalt
from Co3O4/AC-CER can occur in these acidic conditions and dissolved cobalt ions could promote
homogeneous phase reaction. It was reported that Co3O4 supported on TiO2, Al2O3, and SiO2 exhibited
exhibited Co2+ leaching depending on the metal–support interaction (Yang et al. 2007, 2008). In order
to check whether Co ions are leached out from the Co3O4/AC-CER catalyst during the heterogeneous
reaction, the leaching solution after the catalyst was filtered was used to activate Oxone for oxidation
of dye again. The Orange II degradation after 30 min was determined as 31%, being much less than
that (100 % removal) in the heterogeneous system Co3O4/AC-CER /Oxone. Moreover, the real
contribution of homogeneous reaction is much lower since Co leaching actually occurs continuously
during the reaction. Therefore, the catalytic activity was mainly attributed to the Co3O4/AC-CER
catalyst but not the dissolved cobalt ions.
It is also seen from Fig. 3 that Co3O4/AC-CER sample was far more efficient than the physical mixture
of Co3O4 and support material. The Orange II degradation occurred very slowly when the physical
mixture was used as the catalyst and approximately 15% of dye was removed in the first 60 min,
indicating that unsupported Co3O4 has low catalytic activity. This suggestion was confirmed in another
control experiment conducted with 0.15 g/L bulk Co3O4. Although the amount of catalytically active
component was much higher than that of the Co3O4/AC-CER catalyst (5 wt.% Co loading), there was
still 30% of Orange II remaining unchanged in the solution after 30 min and 100% dye removal was
reached in only 90 min. A much better catalytic performance of Co 3O4/AC-CER than physical mixture
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of bare support and Co3O4 catalyst suggests the existence of a better interaction between the cobalt
oxide phase and the AC-CER, resulting in higher Orange II degradation efficiency.
As was found in preliminary experiments, the oxidant itself could not induce degradation of Orange II,
suggesting that the oxidation is initiated due to the formation of highly reactive sulfate radicals in the
presence of a catalyst. Except the runs conducted using physical mixture as catalyst, the oxidation of
dye under all other conditions was found to follow first-order kinetic model with respect to the
concentration of the Orange II, indicating that the generation of sulfate radicals is not the rate
controlling mechanism and the assumption of a pseudo steady-state concentration of radicals during
the reaction is quite acceptable. The linearity of the lnCo/C vs. reaction time plots for the runs carried
out with bulk and supported Co3O4 samples and homogeneous Co2+ ions confirms the above statement
(Fig. 4). However, the experimental data were well fitted by the zero-order kinetics when the reaction
was catalyzed by the physical mixture of bulk Co3O4 and AC-CER support. The constant rate of
Orange II degradation throughout the reaction period in this case imply that the available catalyst sites
for the activation of Oxone are insufficient, which resulted in much lower rate of sulfate radicals
production and thus controlling the oxidation process. The determined values of rate constants of
Orange II degradation in different systems and corresponding correlation coefficients (R 2) of the
model fitting are given in Table 1.
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Fig. 4. Linear transformation of the kinetic curves of Orange II catalytic degradation
Table1. Kinetic constants of Orange II catalytic oxidation with Oxone
Catalyst

Rate constant (min-1)

Order

R2

Co3O4/ AC-CER

0.115

1

0.9939

Co3O4

0.268

1

0.9954

Co(II) ions

0.041

1

0.9924

0

0.9980

Rate constant (mg/L min)
physical mixture
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In heterogeneous catalytic oxidation reactions, various reaction parameters such as catalyst amount,
oxidant concentration, and solution pH can influence Orange II oxidation in aqueous solution.
Therefore, their effects on dye degradation kinetics in the presence of Co3O4/AC-CER catalyst were
further investigated here.
Generation of sulfate radicals is the key reaction for Orange II degradation, and their amount and rate
of production depends on both catalyst loading and Oxone concentration used for the reaction. The
effect of Co3O4/AC-CER dosages on dye conversion was studied in the range from 0 to 0.5 g/L while
maintaining the oxidant/dye molar ratio constant (Oxone/Orange II=5/1). Results were compared to
those obtained in homogeneous Co2+/PMS system. The variation of extent of Orange II discoloration
with varying catalyst concentration is displayed in Fig. 5.
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Fig.5. Effect of catalyst loading on the degradation efficiency of Orange II under homogeneous and
heterogeneous oxidation mode
(50 mg/L Orange II; Orange II/Oxone molar ratio= 5/1; pH=3.5; 22 oC)
As can be seen, increasing catalyst loading in solution resulted in higher rate of dye degradation
regardless type of the catalyst used for reaction (homogeneous or heterogeneous). In the case of
Co3O4/AC-CER catalyst, an observed enhancement in Orange II conversion could be attributed to the
increased availability of active sites for catalytic activation of Oxone thereby accelerating the rate of
sulfate radical production. In fact, at 0.15 g/L Co3O4/AC-CER the extent of Orange II conversion was
78 % at 10 min while complete dye removal was attained for the same reaction period at 0.5g/L
catalyst loading. Although the degradation Orange II was found to proceed more rapidly at higher
Co3O4/AC-CER dosages, the final removal efficiency was similar due to the same concentration of
Oxone used for oxidation. This is evident when comparing the HPLC spectra (Fig. 6) of samples from
the reaction mixture, which are registered when oxidant was exhausted.
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Fig.6. HPLC chromatograms of Orange II in aqueous solutions before and after oxidative
degradation with different Co3O4/AC-CER concentration

Degree of Orange II degradation

The effect of Oxone concentration on the Orange II discoloration rate is illustrated in Fig.7. It can be
seen that the degradation of dye occur more rapidly when the Oxone/Orange II molar ratio rises from
1/1 to 5/1, an increase of dye removal rate as high as 5 times at ambient temperature. Moreover, at
lowest molar ratio only 39.3% of Orange II was degraded within 20 min when the reaction was
completed due to insufficient oxidant amount. However, further addition of oxidant resulted in
insignificant improvement in the oxidation rate, but is beneficial to achieve higher extent of dye
mineralization as evidenced by HPLC analysis (Fig. 8).
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Fig.7. Effect of Oxone concentration on the Orange II oxidation for a fixed reaction time of 20 min
It is seen from. Fig. 8 that even when the oxidant was added at stoichiometric ratio with respect to the
complete oxidation of the Orange II (20/1) in the chromatogram are still registered peaks thus
indicating the presence of intermediate compounds. This might be attributed to the self-quenching of
sulfate radicals by oxidant and the formation of less reactive peroxymonosulfate SO5 radicals which
in turn can reduce the further degradation of intermediates formed (Madhavan et al. 2006). However,
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when Oxone was added in excess (25/1), HPLC analyses confirm that mineralization of dye was
achieved.
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Fig.8. Effect of Oxone concentration on the Orange II oxidation for a fixed reaction time of 20 min
(50 mg/L Orange II; 0.5 g/L Co3O4/AC-CER loading; pH=3.5; 22 oC)
The effect of initial solution pH on the discoloration of 50 mg/L Orange II was studied under acidic
and neutral conditions in the presence of 0.15 and 0.5 g/L Co3O4/AC-CER and at oxidant/dye molar
ratio of 5/1. The kinetics curves of dye degradation are shown in Fig. 9.
Apparently, discoloration kinetics of Orange II is strongly depended on the initial solution pH and
oxidation process is substantially retarded at neutral conditions. In fact, at pH=7 with 0.15 g/L catalyst
the rate constant decreased 3.2 times and when the oxidant was depleted about 90% Orange II
conversion was reached in 60 min, while at higher catalyst loading of 0.5 g/L complete discoloration
could be achieved in 40 min.
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Fig.9. Degradation efficiency of Orange II in heterogeneous Co3O4/AC-CER/Oxone system at acidic
and neutral condition
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However, it should be noted that a significant difference in the UV-Vis spectra profiles was observed
during the catalytic oxidation at different solution pH (Fig. 10). In the course of oxidation without pH
adjustment, the apparent gradual decrease of the absorption bands of the dye in the visible region is
accompanied by the simultaneous appearance of a new absorbance peak in the ultraviolet region
( max=251 nm), which indicates a new structure unit formed (Fig. 10 A). The peak intensity
continuously increased to 30 min, then began to decline slowly, indicating that the formed
intermediate is further also degraded.
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Fig.10. Temporal spectral changes of Orange II solution during oxidative catalytic degradation
over Co3O4/AC-CER at acidic (A) and neutral (B) conditions
(50 mg/L Orange II; 0.15 g/L catalyst loading; Orange II/Oxone molar ratio= 5/1; 22 oC)
However, at neutral conditions, the intensities of the bands in the UV spectral region, located at 228
and 310 nm decreased much more slowly than that of the azo-linkage and are still registered even
when the reaction was completed Fig. 10 B). This suggests that some intermediates generated from
destruction of chromophoric dye structure still contain benzoic and naphthalene rings. Moreover, the
absorption band at 251 nm is also observed in the spectra, but its intensity was significantly lower. The
decrease of dye removal efficiency at neutral solution pH could be mostly attributed to the
acceleration of self-dissociation of Oxone through non radical pathways with increase in pH, resulting
in slow evolution of oxygen instead of sulfate radical generation.
Literature data reveal that depending on the transition metal ion used as the catalyst, three main types
of intermediate radicals, namely sulfate SO4 , hydroxyl OH , and peroxymonosulfate SO5 could be
produced from Oxone via its catalytic decomposition (Anipsitakis et al. 2005; Ji et al. 2011; Shukla et
al. 2011). Peroxymonosulfate radicals have weak oxidizing ability and are usually considered not
responsible for the degradation of organic pollutants (Zhang et al. 2013). It was found that in a
Co/oxone system sulfate radicals are the primary species formed (Anipsitakis & Dionysiou 2003). It is
thoroughly documented in the literature that alcohols with alpha hydrogen such as ethanol reacts with
SO4 and OH at high and comparable rates (Anipsitakis & Dionysiou 2003), while TBA is effective
quenching agent for hydroxyl radicals (Zhao et al. 2010). Therefore, to identify which reactive radicals
are generated in Co3O4/AC-CER/Oxone system and are responsible for the Orange II catalytic
degradation, quenching studies were conducted using ethanol (EtOH) and TBA as radical scavengers.
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Figure 11 shows the effect of both quenching reagents on the rate of Orange II catalytic oxidation over
Co3O4/AC-CER.
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Fig.11. Reaction quenching of Orange II catalytic oxidation with Co3O4/AC-CER in the presence of
ethanol and tert-butyl alcohol
(50 mg/L Orange II; 0.15 g/L catalyst loading; Orange II/Oxone molar ratio= 5/1; pH=3.5;22 oC)
It is seen that addition of ethanol and TBA to the reaction mixture at alcohol/Oxone molar ratio 300:1
resulted in 27% and 12% drop in Orange II degradation rate within 30 min, respectively. On further
increase in the amount of EtOH added (alcohol/Oxone molar ratio 1000:1) the dye removal decreased
to 44% in the same reaction period, but did not change in the case of further addition of TBA. From
the combined effect of TBA and EtOH it may be suggested that both SO4 and OH were generated
during the activation of Oxone by Co3O4/AC-CER catalyst, but sulfate radicals plays the dominant
role for the transformation of the dye molecule.
CONCLUSIONS
In this study, Co3O4/AC-CER has been prepared and tested as catalyst for oxidative degradation of
Orange II in aqueous solutions using Oxone as oxidant. It was found that immobilization of
catalytically active component of Co3O4 on AC-CER support considerably improves its catalytic
performance compared to bulk Co3O4 for heterogeneous activation of Oxone to produce sulfate
radicals for dye conversion despite of low active component loading percentage and very low catalyst
amount used for the reaction. 100% of 50 mg/L Orange II could be degraded in 10 min by using
0.5g/L Co3O4/AC-CER without pH adjustment. The degradation rate and removal efficiency of dye
were strongly dependent on catalyst loading and pH, while oxidant concentration influenced mainly
mineralization degree. The kinetics study showed that Orange II degradation follows the first-order
model. Radical quenching studies demonstrated that sulfate radicals are the dominating species
formed by the catalyst/Oxone interaction, and hence those that are responsible for the
transformation of the Orange II. Therefore, Co3O4/AC-CER is a promising heterogeneous catalyst for
the removal of organic dyes in aqueous solution with sulfate radicals as an active and environmentally
friendly oxidant.
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Abstract.
The improvement of material properties of cement-based materials e.g. reduced permeability,
porosity, uniform distribution of hydration products, etc. is of a significant importance and related to
durability and sustainability of concrete and reinforced concrete structures. With this respect, a recent
and novel approach is to “create” self-healing systems that will be able to recover at least partly their
originally designed performance. Bio-based cement-based materials were already proven to have the
capacity of reduced crack width and permeability respectively as a result of bacterial activity in the
cement matrix. New approaches, related to corrosion control for offshore structures, involve the
application of bacterial, hydrogen consuming organisms, bio-polymers and nano-composite or sol-gel
coating for increased service life and improved resistance to microbiological corrosion (MIC). The
paper will briefly mention already established self-healing mechanism in “bio-concrete” and will
present the concept and approach of recently initiated research with respect to MIC corrosion control.
Key words: bio-corrosion;concrete;steel;bacteria;cathodic protection;bio-polymers
1. INTRODUCTION
Next to water, concrete (and reinforced concrete respectively) is the most used material on Earth.
Concrete is durable and withstanding variety of degradation mechanisms in alternating environmental
conditions. However, it certainly has a designed service life, which is often compromised for one or
another reason. Detrimental effects and reduced structural integrity are related to reduced durability as
a consequence from microstructural changes. The latter depend on porosity, permeability and/or
aggressive substances penetration into the bulk material. The result (among others) is corrosion of the
reinforcement, being recognized as a multi-million dollar issue in the field of civil engineering. Cracks
for example, if any and in the event of increase in number and width, would result in even larger
influence of the external environment i.e. will additionally compromise concrete durability.
In the frame of ongoing research, bio-based agents (bacteria) were introduced in the cement-based
matrix, aiming at “self-healing” of cement-based material through “closing” cracks [1]. This is a
sustainable and promising approach, based on the utilization of mineral-producing bacteria. The
application of bacteria for ecological engineering purposes is becoming increasingly popular, reflected
by various recent studies: e.g. bacteria are applied within water and waste-water treatment [2]; within
bio-remediation of contaminated soils [3]; for removal of greenhouse gasses from landfills [4], etc.
Mineral-producing bacteria are more often used and known to be applied for sand consolidation and
limestone monuments repair [5-9], whereas filling and “closing” pores and cracks in cement-based
materials as concrete is a more recent approach [10-13]. These specific bacterial communities should
remain viable within concrete preparation, but also later on, in the hardened bulk matrix. Further, they
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should be able to produce significant amounts of mineral-based compounds on a later stage i.e. when
needed to fill-in voids and cracks. The result is actually a self-healing process, as a consequence of
which decreased permeability in terms of reduced crack width will be at hand. This approach has
already been investigated and reported [1] in terms of optimum bacteria choice, bacteria viability,
mixing conditions and crack closure, resulting from bacterial activity. For example, alkali-resistant
spore-forming bacteria related to the genus Bacillus represent promising candidates for application as
self-healing agent in concrete: the incorporated calcium lactate converts to calcium carbonate-based
minerals upon bacteria activation within water ingress in cracks, the latter subsequently filled-in with
the minerals from the bacterial activity. This ongoing research further focuses on obtaining a
substantially increased time-related functionality as well as on the quantification of the self-healing
capacity and thus increased durability of bacteria-based self-healing concrete [1].
With respect to reinforced concrete durability in the sense of reinforcement corrosion control, crack
number, width and closure of cracks is important, but not the factor that actually determines the steel
corrosion resistance, since concrete is a porous material anyhow. Therefore, except improving bulk
matrix properties, various electrochemical techniques, coatings, composite layers etc. exist and are
applied in order to enhance the steel corrosion resistance. The only technique, able to minimize or stop
(following thermodynamics principles) the corrosion process in reinforced concrete is impressed
current cathodic protection (CP). It does have both positive and negative side effects, which were
largely discussed and investigated for reinforced concrete applications [15-18]. Impressed current CP,
however, is unable to efficiently and entirely cope with bio-corrosion (MIC), especially in anaerobic
conditions. Modified current regimes and a synergy with bio-based coatings for example would result
in solving these issues for both reinforced concrete and steel applications (e.g. offshore sites).
To this end, this work briefly summarizes the current practical issues with bio-corrosion and the
concept of our novel research, very recently initiated in the frame of the Self-healing project “BioPulse”, financed by TU Delft, DCMat and Agentschap, NL.
2. STATE-OF-THE-ART WITH RESPECT TO MIC
As aforementioned, the engineering practice faces an enormous issue with controlling MIC corrosion
(aerobic and anaerobic), even with the application of combined solutions as coatings and impressed
current cathodic protection. Further, anaerobic corrosion is generally not taken into account to the
necessary extent. Even if a proper design for protection is at hand, there is a fundamental reasoning
behind the inability to solve these complex corrosion problems with the presently available techniques.
2.1. MIC corrosion in anaerobic environment
It is generally assumed that limited oxygen level as for e.g. at seabed (offshore structures) or in
water/soil (steel and reinforced concrete) results in negligible or low corrosion rates. This statement is,
however, not straightforward and needs to take into consideration that: a) corrosion in oxygen starving
environment is determined mainly by micro-galvanic cells (oxygen differential aeration cells); b)
corrosion rate depends largely on the type of sediment, soil, etc. (coarse or fine sand, clay); c) the
aforementioned are independent of sulfate reducing bacteria (SRB) induced corrosion.
2.2. Steel ennoblement
Impressed current (ICCP) or sacrificial cathodic protection (CP) are generally applied for offshore
structures, reinforced concrete, pipe works. However, the present practice is not able to solve MIC
corrosion (especially anaerobic) issues even with CP techniques. One of the reasons is the steel
ennoblement with time of CP application due to the following mechanisms:
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- marine bio-films cause a noble shift (ennoblement) of the steel corrosion potential (E corr) which
theoretically increases the probability for pitting and crevice corrosion initiation and propagation; so
far, attempts to relate ennoblement to increased localized corrosion have been, however, inconsistent.
- ennoblement of steel potentials is also an issue with regard to CP installations, where an anodic shift
in potential values will have to be compensated (or “overcome”) by larger current densities or via
better polarization (e.g. by using innovative CP that results in overcoming such effects or large IR
drop zones).
Thermodynamic arguments for ennoblement suggest that either a pH decrease at the metal/bio-film
interface or a local increase of the partial pressure of oxygen raises the reversible potential of the
oxygen electrode. For aerobic bio-films, these changes would be small. For seawater, a decrease of
local pH from 8 to 3 would account for an ennoblement of about 300mV, assuming that the exchange
current density for the oxygen reduction reaction remains constant. Theoretically it is also possible
that Ecorr becomes ennobled due to a decrease of passive current density [19], e.g. siderophores (iron
chelators) produced by microorganisms within bio-films at neutral pH act as inhibitors and enhance
passivity by reducing passive current densities. All these phenomena occur simultaneously which
results in insufficient cathodic protection and thus restricted corrosion control.
2.3. ICCP - fundamental aspects and related issues
Impressed current cathodic protection (ICCP) works for various environments (soil, atmosphere,
marine) and is the only technique which effectively protects steel structures in very aggressive
environment. ICCP works based on thermodynamics principles (see Pourbaix diagrams) – i.e. for all
pH regions, steel is immune if polarized to potentials more cathodic than -950 mV SHE. Secondly,
kinetic principles control the process of anodic (steel) dissolution. The associated risk with ICCP
concerns high strength steels and special alloys in terms of hydrogen embrittlement, where lower level
(more anodic) polarizations are required as a safety limit. Standards specify certain potential ranges
(Table 1), needed to achieve corrosion control. These potential values, however, are actually
fundamentally not suitable to control MIC corrosion in anaerobic environment
Table 1: Potential criteria according to DIN30676

Fig. 1 (left) depicts the Fe-H2O-S Pourbaix diagram, which is relevant for the specific case of SRBinduced corrosion. As seen from the plot, potential values of more cathodic (more negative) than 1100 mV SHE (which is approx. -1300 mV vs SCE or approx. -1400 mV vs CSE) are sufficient to
protect the steel (i.e. the steel will be immune). If the polarization reaches only the specified -950 mV
vs CSE (Table 1) which is approx. -640 mV vs SHE (Fig.1, left), for the pH region of 6 to 8 (relevant
for North Sea water for example) the steel will not be protected, since iron sulphides (non protective,
aggressive product) will form as a result of SRB activity.
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Fig. 1 (left) Pourbaix Diagram for the System Fe-H2O-S at 25°C [20]; (right) The effect of cathodic
polarization (as applied potential) on the pH, FeS formation and counting of SRBs on steel surface
[21]
Additionally, the level of cathodic polarization that is generally used in practical applications for
corrosion protection appears to be entirely not sufficient to solve SRB related corrosion issues – Fig.1
(right). Actually, the most intensive FeS production and the most enhanced bacterial viability lie in the
range of generally applied potentials – Table 1 (peaks in Fig.1) which is around -950 (-1000) mV
CSE.
In addition to the above fundamental considerations, more than 20 literature reports [e.g. 22-25] from
recent years (1998 – 2009) also suggest that:
o

the -950 mV criteria (Table 1) is not sufficient for protection in anaerobic environment (as also
visible from Fig.1);

o

100 mV decay (as a standard check for effectively working ICCP) is not sufficient as well (200
– 250 mV are suggested, [26 and ref. therein]);

o

the specified in standards potentials are not considering the action of SRBs in anaerobic
environment – these are based on general thermodynamic principles for maintaining steel
immune.

o

at the generally applied potentials corrosion is not prevented if SRBs are present and cathodic
polarization within the specified standard limits does not prevent SRB growth (Fig.1 right);

o

the bio-film formation by all means increases the required current density demand (resulting
from steel ennoblement due to pit growth or due to simultaneous pit growth and composite biofilms deposition);

o

higher polarization might affect the properties of the steel surface layer and actually lead to
negative effects, however, reported is reduced sessile and planktonic growth of SRB with CP.
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The above reports are actually considering potential ranges of approximately -950 to -1100 mV (CSE).
As aforementioned (Fig. 1 (right), these potential ranges are actually related to the peak of SRB
activity and the highest amount of FeS formed on the steel surface i.e. SRB-induced corrosion can not
be prevented if the present standards and techniques are only applied.
Clearly, an integrated approach is necessary to solve MIC corrosion issues (especially in anaerobic
environment) and this is the main goal of this project. A suitable combination of bio-based
environment for the steel surface (both bare and reinforcing steel), coupled with a non-conventional
ICCP would solve (or at least substantially improve) the current practice. An alternative ICCP
polarization will assure that pitting corrosion does not occur and steel is protected. Further, and with
regard to SRB-induced corrosion, a better polarization would result in reduced viability of SRBs and
thus in reducing the related ennoblement issues. Coupled with bio-based agents that deal with the
accompanying hydrogen evolution, steel and reinforced concrete structures will be protected in an ecofriendly but most importantly, effective and efficient manner.
3. THE CONCEPT OF CURRENT RESEARCH AND APPROACH
Our current research integrates several scientific fields, targeting the establishment of a novel, single
solution for several practical applications. The issue at hand is to solve MIC corrosion for offshore
structures (marine environment), submerged (soil/water) concrete and reinforced concrete and
underground pipe work (steel and reinforced concrete pipes). Of course, each environment has its own
specific features that would affect the self-healing process and corrosion control respectively, but these
are not contradictory.
3.1. Formulation of a hybrid, bio-based coating for self-healing of MIC and hydrogen-induced
damage.
3.1.1. Bio-based, sol-gel coating for self-healing of MIC induced steel degradation, simultaneously
active to resolve hydrogen-induced damage (as within CP applications). The coating serves as a matrix
(living medium) for competitive microorganisms which consume the cathodic hydrogen (e.g.
methanogenes). This will lead: first to reduction of the viability of the SRBs since hydrogen will be
available for their metabolism in minimal amounts; second – hydrogen induced damage of the metallic
substrate will be avoided. Alternatively, a sol-gel matrix containing also Gramicidin S producing
bacteria can be designed, in order to oppose the SRBs. Although the most common approach to
control bio fouling and MIC is to dose the environment with biocides or coat the surfaces of the
structure with paints that contain biocides, sol-gel coatings are known to be increasingly applied for
MIC corrosion control [27]. Certain naturally occurring bacteria are known to be able to reduce the
corrosion rates of metals such as steel and copper alloys. Therefore, two aspects in the formulation of
the bio-coating are relevant: a) A new sol-gel coating system that offers an alternative to current
biocide-based corrosion protection systems: this will be a coating system that self-colonizes,
producing 'protective' bacteria at susceptible to corrosion surface sites where a “detrimental” bio-film
can develop, especially under stagnant 'low flow” conditions. b) The previously defined bio-based
coating, that will ensure a self-healing action upon damage initiation with respect to hydrogen
evolution. A combination of both concepts is possible, but more feasible for reinforced concrete
applications.
3.1.2. Hybrid, sol-gel coating, containing layer-by-layer deposited bio-polymers on living cells: an
approach utilizing bacterial cells and a pair of oppositely charged polyelectrolytes: Poly (allylamine
hydrochloride), PAH, as a polycation and poly (4-styrene sulfonate), PSS, or pectin as a polyanion.
PAH and PSS are synthetic polyelectrolytes which are already widely used for investigation of the
properties and structure of multilayer shells on flat surfaces or particles. Pectin (also known as
corrosion inhibitor) is a polysaccharide of great biological interest i.e. it is a natural product, nontoxic,
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biodegradable by enzymatic hydrolysis. The low cost of the suggested bio-polymers, compared to
others suggests wider industrial application. This approach is essentially “encapsulation” of living
methanogenes or Gramicidin S bacterial cells in polyelectrolyte multilayers as a strategy to reduce the
increasing concentration of protons at the steel surface, which initially result from corrosion and
cathodic protection. The possibility for tunable control of the electrical properties and permeability of
the polymer shell and the participation of appropriate strain of bacterial cells assures the possibility of
embedding these hybrid formations in a sol-gel coating. The driving force for the shell formation is the
electrostatic attraction between the charged monomers of two oppositely charged polyelectrolytes and
their attraction to the oppositely charged surface. In essence, the sequential adsorption of oppositely
charged polyelectrolytes can be considered as the controlled formation of a polyelectrolyte complexes
onto charged surface. Since the electrostatic interactions are following general principles, the process
is very versatile with respect to the incorporation of different charged compounds or living organisms
and offers unprecedented nano-scale control over the thin film architecture and properties, including
film thickness, composition, conformation, degree of inter-chain ionic bonding, roughness, and wet
ability of metal surface and/or coatings respectively. The inners space of the hybrid polyelectrolytecell system exhibits good stability with regard to pH, temperature changes or organic solvents; due to
semi-permeable properties it serves also as a living medium for the involved microorganisms. The
layer-by-layer process creates nanostructure - controlled polyelectrolyte complexes, which already
have a recognized history as biomaterials [28-30]; more recently living cells encapsulation is also
recognized [31,32]. The coated cells in suspension or immobilized on a structured surface maintain at
least part of their functions, such as protein expression, metabolic activity and division capability [33].
This fact suggests that the particles (or “capsules”) are biocompatible and non-cytotoxic with respect
to living cells. To ensure the normal functions of the living cell in a “capsule”, it is necessary to keep
the permanent and selective transport of substances through the shell, which can be fine tuned varying
the pH and ionic strength of the solution. The polyelectrolytes to be used (as previously specified),
PAH and PSS are synthetic polyelectrolytes which are already widely used for such investigations
[35,34]. Pectin is a polysaccharide of great biological interest–natural product, nontoxic,
biodegradable by enzymatic hydrolysis. [36,37]; it is also used as corrosion inhibitor and its’ low cost,
compared to other biopolymers makes it a suitable candidate in industrial applications. The charge
density of PAH and pectin (-) depends on the pH of the environment. In a medium with pH ~9 they are
electro neutral, but within lowering the pH the polyelectrolyte chains becomes fully charged (at pH
4.5). In a multilayer shell prepared at pH~7 the polyelectrolyte chains are not fully charged. Therefore,
with an increase of the proton concentration (as within corrosion or hydrogen evolution), a stronger
interaction between the layers will take place and consumption of protons will be achieved. Further,
the hydrogen consumption within the hybrid formations will proceed as a result of the metabolism of
the encapsulated living cells (following the previously specified actions).
3.2. Establishing the optimum regime of pulse CP application in combination with self-healing hybrid
coatings.
Pulse CP will be employed as a better (cost effective) alternative of conventional CP, achieving a
more efficient polarization while overcoming more effectively IR drops [15-18] The advantage here
with respect to MIC is reduced viability of the microorganisms (block shaped currents are also
reported to decrease bacterial infection within application of metal implants in human body, [38]) and
reduced hydrogen evolution, while providing the possibility for enhanced cathodic polarization.
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Fig.2 Schematic illustration of a steel pile in the relevant zones of marine environment and the
expected range of protection of ICCP (additional effects – Fig.2 right, relevant to the three zones).
The combination of pulse CP and self-healing hybrid coatings (competitive bacteria containing solgels or bio-based, proton capturing such) will result in a thorough prevention/protection of steel
structures (as within offshore application), will avoid coating de-bond (as a common issue in
underground pipes) and will be with superior effectiveness for reinforced concrete applications
(submerged or underground reinforced concrete pipes). This part of our concept and the currently
initiated approach will be elaborated with regard to offshore structures, where a larger number of
interfacial regions is involved, compared to reinforced concrete or steel in underground and/or water
submerged applications. Fig.2 schematically presents the environmental zones, related to cylindrical
piles (legs) in marine environment. The figure simplifies the measures, in terms of corrosion
protection, which are normally considered for such structures. The case concerns corrosion (including
MIC and particularly sulphate reducing bacteria, SRB) and corrosion control respectively. In the
atmospheric zone 1 general (atmospheric corrosion) is the relevant risk. The issue is solved by
applying epoxy-based (CP compatible) coatings. In Zone 2 – general (uniform) and pitting
(MIC/chloride-induced) corrosion are relevant; the practice is applying galvanic or impressed current
CP. In Zone 3, although O2 level is minimum or zero, the risk is anaerobic corrosion (due to SRB
mainly). This part of the structure (zone 3) is bare steel, generally not considered in the CP design.
Additionally differential aerations cells develop (zone 2/3 and zone 1/2), therefore a properly designed
integrated approach is essential to control the complex corrosion process for the whole structure. A
modified Impressed current CP based on pulse technology would be a significantly better alternative,
providing protection for the whole structure (mainly considering Zones 2 and 3). The application of
pulse CP will result in protection of both Zone 2 and Zone 3 and is expected to exert some positive
effects as a consequence of fundamental aspects as: increased alkalinity at the steel interface (due to
the cathodic reaction of OH- release, Ca-rich layers deposition, reduced viability of microorganisms
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which induce pitting corrosion, reduced current demand on later stages of application (provided
effective protection was taken care of). The side effect that needs consideration is an eventual coating
de-bond in Zone 1, which however should not be a concern because of 2 reasons – 1 st coating de-bond
will be possible only if a significant polarization is relevant for Zone 1 (which would normally not be
the case, since ICCP is designed to operate on sections and considering the fact that ICCP works
provided that there is an electrolytic path i.e. dry air is not an environment where polarization is
expected from ICCP); 2nd – if the steel structure in the lower parts of Zone 1 is polarized to the extent
to result in a coating de-bond, the steel itself will be protected anyway – therefore the coating de-bond
will not be a concern in terms of protection and safety.
3.3. Polarization levels and CP regime
Pulse CP will result in polarization (protection) levels in a wider range, than normally galvanic
protection would achieve. Existing models for the application of conventional ICCP, can predict the
level of polarization at different depths - Fig.2b)c). The hereby considered to be employed pulse CP
technique is proved to have superior effectiveness and efficiency with the following additional effects:
- better polarization (overcoming resistance); - higher OH- production and a surface layer with more
resistive properties (beneficial composition as well); - affect the electrical double layer in the outer
fragments of SRB (since the cathodic polarization will be as a result of certain amplitude and
frequency of the pulse regime, but not a constantly flowing DC current); - effective performance - 50
% current density (i.e. 50% reduction of power consumption will be achieved) and 50% anode surface,
compared to conventional ICCP (i.e. better current throw will result in the possibility for reduction of
the anode surface).
The above described pulse ICCP regime already proved to achieve better protection in reinforced
concrete, where the resistivity values reach 2kOhm.cm to 10 kOhm.cm, whereas the seabed resistivity
would approach maximum 1kOhm.cm (depending on the relevant location and composition). The
technique was largely studied and reported within lab experiments [15-18] and recently proved in a
field test for aged reinforced concrete. The suggested technique is expected to result in reduced costs
(as above specified), while achieving better polarization (since it is able to overcome higher
resistivity) and also solving in a superior way the issues with regard to problematic zones for the
whole structure (as previously discussed with regard to “high risk zones”, Fig.2 and MIC corrosion,
Fig.1).
4. SUMMARY AND FEASIBILITY
Summarising, the main focus and objective of our current research is to ensure corrosion control and
safe operation within offshore and underground applications (both steel and reinforced concrete) by an
integrated approach, combining a novel CP technique based on pulse technology and bio-based, solgel coatings for self-healing of hydrogen induced degradation and corrosion damage.
The concept, and approach respectively, of this current research aim at: the development of a suitable
bio-based coating that will control hydrogen formation, absorption/ desorption and hydrogen evolution
via self-healing mechanisms; the application of a tailored CP providing larger (or modified) cathodic
polarization, so that the cathodic reaction is still effective and not suppressed; using current controlled
(instead of the generally applied voltage controlled) regime; the integration and ensured compatibility
of bio-based sol-gel coatings and DC pulse techniques (instead of conventional DC technique), aiming
simultaneous corrosion protection, minimized possibility for hydrogen embrittlement and reduced
viability of corrosion-inducing microorganisms. That way, we have chosen a synergy of novel
methods and techniques, considering main aspects as: particular environment; steel type;
electrochemical, chemical and biological phenomena; shortages of current practice; service life (incl.
cost analysis), etc.
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Abstract
Denaturized ethyl alcohol was tested as a fuel to create a flame for Flame spectrometric analysis. The
fuel is introduced in the spectrometer as a vapor. The vapor is produced by a vaporizer. A continuous
type vaporizer is employed. A method for determining flame temperature is based on the comparison
of flame emission intensities when an element is analyzed with a flame whose temperature is known
and with the flame under investigation. Reference data for the ratio of the occupational number of an
exited energy level and the number of the ground state are also used to determine flame temperature.
The flame temperature of ethyl alcohol is found to be about 1920°C. Flame emission analyses of some
alkali and alkaline earth metals was performed using alcohol/air flame mixture and satisfactory
sensitivity of the determination is achieved.
Key words: flame emission spectrometric analysis, denaturized ethyl alcohol as a flame fuel, a
continuous ethyl alcohol vaporizer.
1. INTRODUCTION
Flame is used for important in analytical practice methods of atomic spectrometry such as emission,
absorption and fluorescence spectrometry and they still show a great research interest [1]. All these
methods are based on creating a flame by a burning gas and a gas-oxidant that supports the burning.
Many and various mixtures are studied but the most frequently used mixtures are acetylene-air and
acetylene-nitrogen oxide. The utilization of whatever gas mixture creates a danger an explosion to be
obtained. For this reason every flame photometer has an automatic system for safety work with the
burning mixtures.
We practically have been developed the idea for a substitution of a burning gas with a burning liquid.
The advantage of this approach concerns elimination of the inconveniences and hazard when gas
mixtures are used as well as simplification of the flame spectrometer set-up.
In previous works [2, 3] ethyl alcohol was used as a flame fuel. The alcohol was introduced in the
spectrometer as a vapor and a batch vaporizer was applied to produce alcohol vapor. A Meker type
burner for propane was put to use. The flame created with an alcohol vapor/air mixture has a flame
temperature like to the temperature of the propane/air mixture so alkali and alkaline earth metals were
analyzed by Flame emission spectrometric analysis.
In the present work use is made of a denaturized ethyl alcohol in order analysis price to be reduced
and the batch vaporizer is replaced with a continuous one aiming to improved analysis conditions.
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2. EXPERIMENTAL
2.1. Apparatus
Atomic absorption spectrometer Unicam SP 90 Series 2 with an option for a work as an emission
spectrometer is used. The spectrometer is supplied with a nebulizer and a spray chamber from AAS1N atomic absorption spectrometer. The liquid fuel is introduced in the spectrometer as a vapor on the
outlet of the spray chamber. The vapor is obtained by heating the liquid fuel. A mercury distiller is
adapted as an evaporator. An adjustable transformer is used to regulate a voltage applied to the electric
heater of the vaporizer, in order different heating magnitudes to be achieved. In this way different
pressure of the alcohol vapor is attained. The evaporator is refueled by a peristaltic pump (Model DP
2-2, VEB MLW Labortechnik, Ilmenau, Germany). A Meker burner for propane is employed.
2.2. Reagents
Analytical grade chemicals are used throughout and a denaturized ethyl alcohol is turned to use as a
flame fuel.
2.3. Solutions
The stock standard solutions are prepared directly by weighing the recommended reagents, dissolving
and diluting to the corresponding volumes with double distilled water. The working standard solutions
are prepared by suitable dilution of the stock solutions with double distilled water.

Fig. 1. Particular appliances for Flame emission spectrometric analysis using liquid flame fuel
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2.4. Determination of the temperature of the flame
The emission signals of a solution to one of the elements Cs, Na, Ca, Zn is measured by flame that
temperature have to be determined by reference flame, i.e. flame whose temperature is known. Both
emission signals must be obtained under the same experimental conditions and with the same solution
of the above elements. From the equation:
Itest /Iref.=(N*test/Ntest)/(N*ref../Nref.),
where Itest and Iref. are the emission signals of the test and reference flame;
N*test/Ntest and N*ref../Nref are the relationship of atoms in the excited state and a non excited state of
atoms, respectively, for the test and reference flame is N*test/Ntest, as data on N*ref../Nref. for the above
items are taken from the literature [4-6]. From the values obtained of N*test/Ntest from as well as from
the same literature the temperature of the test flame is determined.
3. RESULTS AND DISCUSSION
Ethyl alcohol is selected for liquid fuel, because it is well known that in general the flame emission
analysis for identification of metals has long been committed to the flame of spirit lamp. This ensures
the realization of the idea of using liquid fuel instead of gas fuel. On the other hand, for the same
reasons as a method for conducting chemical analysis, the flame emission spectral analysis method is
chosen.
A burner for liquid fuel is constructed, representing a small cylindrical reservoir for the fuel which
level automatically maintains constant by another large reservoir of fuel. The device should not be
submitted in axially located in the burner tube. [4] The paper describes experimental work done in
implementing the idea of submitting a liquid fuel burner apparatus in the form of liquid vapor. The
process is driven by the fact that in fact the liquid does not burn (particularly ethyl alcohol), but the
vapor obtained from the liquid. This enables the use of existing burners for different gases. Our
experiments show that when creating a flame of ethyl alcohol vapor, explosive mixtures are not
obtained. This solves the main task set by us, namely safe analyzes.
In our study both methyl and ethyl alcohol are tested as liquid fuels, and further researches are made
as ethyl alcohol was selected. With the selection of ethyl alcohol for fuel certainty is obtained in terms
of that the analysis will take place and attention can be focused on the technical implementation of the
task of using a liquid fuel.
Optimizing flame with fuel vapor forms, similar to that of the fuel gas is performed by varying both
the flow of air and vapor pressure. The latter, however, is done with a temperature change of the
evaporator heater. This is accomplished by submitting a different voltage on the heater, which is
accomplished by turning on the power circuit of the heater transformer. Figure 2 gives an overview on
the approach for the selection of optimal conditions.
Determination of flame temperature is based on the emission signal measurement, of the linear
dependence of the emission signal from the number of atoms in the excited state, as well as on the
temperature dependence of the number of atoms in the excited state and the data in the literature [5].
The emission signals of test and reference flame are measured. The signals are obtained with the same
solution under identical experimental conditions. Thus the following equation can be composed:
I test/I ref. = N*test/N*ref
where I test and I ref. are the emission signals of the test and reference flame;
N*test and N*ref. Arenumber of atoms in excited state and a non excited state, respectively;
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Because the signals are obtained with the same solution, and the number of atoms in the excited state
is much larger than in the non excited state, it follows that:
Ntest = Nref
where Ntest and Nref. are number of atoms in non excited state. Therefore:
I test/I ref. = (N*test/Ntest)/(N*ref../Nref.).

Fig. 2. Determination of optimal conditions for flame emission analysis with fuel of alcohol vapor and
Meker burner for propane. Dependence of the emission signal from the air flow and pressure in the
evaporator: a) 100V; b) 105V; c) 110V.
According to data from the literature [4-6] the reference flame is found from the dependence
N*ref../Nref.. From equation 3 N*test/Ntest is calculated and the temperature of the test flame is determined
from the data. Flame temperature of ethanol vapor – air determined by this method is 1920 º C.
Figure 3 gives an idea of his own flame emission with money from ethyl alcohol-air. An
approximately equal emission over the entire range of the used wavelength from 190 to 850 nm is
obtained. No area of strong emission own flame, which facilitates flame emission analysis. Various
elements are analyzed using the flame emission analysis with flames ethanol / air.
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Fig. 3. Own flame emission of ethyl alcohol-air depending on the wavelength .
Denaturized ethyl alcohol was chosen as a flame fuel because of its low price. One could expect
almost one and the same alcohol content in the vapor phase, no mater what sort of alcohol is applied,
and on this point of view the analytical results to remain uninfluenced on sort of the alcohol used.
Contrary to expectations denaturized ethyl alcohol worsens the analytical results.
No mater what kind of alcohol is used, after some work time period, the alcohol color in the vaporizer
begins to change its color because of collecting impurities. It is recommended, when the color is
changed considerably, the alcohol in the vaporizer to be replaced entirely with fresh one.
When batch type vaporizer is used, the heating is being kept constant while the liquid alcohol volume
is being diminished continuously because of an evaporating process. The temperature and vapor
pressure are being risen. In order alcohol vapor pressure to be kept constant, the liquid alcohol volume
also has to be constant. It is realized by adding continuously fresh alcohol into the vaporizer. It is
necessary the volume of alcohol added to be equal to the volume of alcohol evaporated. This is
achieved by adjusting experimentally the flow rate of the alcohol added.
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Table 1. Results for Flame emission spectrometric analysis using ethyl alcohol as a flame fuel.
No

1
2
3
5
6
7
8

Element to
be
determined

Li
K
Na
Ca
Ba
Mg
Sr

, nm

Batch vaporizer and pure
ethyl alcohol
Calibration
equation

670.8
766.5
589.0
625
553.5
285.2
460.7

I = 3873C
I = 4286C
I = 2600C
I = 263.6C
I = 177.3C
I = 28.52C
I = 12C

curve R2

0.9909
0.9982
0.9925
0.9908
0.9596
0.9902
0.9911

Continuous vaporizer
denaturized alcohol
Calibration
equation
I = 2227C
I = 4291C
I = 5873C
I = 338.2C
I = 178.2C
I = 7.727C
I = 8.046C

and

curve R2

0.9918
0.9769
0.9985
0.99
0.9977
0.986
0.9979

I is flame emission intensity, C is a concentration in mg cm-3
Table 1 presents the results of Flame emission analyses of some alkali and alkaline earth metals when
denaturized ethyl alcohol and continuous type evaporator are used. Results from analyses of the same
elements with a batch evaporator and pure ethyl alcohol are also given to compare with. Data for R2
show about the same disperse of the results from the straight line of the calibration curve when
continuous evaporator and denaturized alcohol are applied. That can be explained with worsening the
results caused by utilization of denaturized ethyl alcohol from one side, and improving the results by
applying the continuous vaporizer from the other side.
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Abstract

The article deals with the issue of recycling of building waste obtained during demolitions of
buildings. Most of the waste nowadays ends up at waste dumps which creates excessive environmental
burden. The first part of the article describes recycling principles and types of recycling lines. The
second part of the article introduces the kinds of building waste and the current possibility of its
recycling. The end of the article pursues the future of recycling, its supposed direction, and what it
should bring.
Key words: Recycling, building waste, re-use, recycling lines, environment, ecology

INTRODUCTION
The volume of waste of various kinds has been increasing every year and thus it has become one of
the main problems of environment protection. It is, therefore, necessary to pay a proper attention to
this issue. A considerable part of the whole amount of waste is represented by building waste (it makes
about 25%). An advantage of building waste is its easy recyclability. Unfortunately, nowadays only
a small percentage of this kind of waste is being recycled. The aim of this research is to provide
further options of recycling of building waste.
PRINCIPLES OF RECYCLING
In the entire recycling process, the quality of the recyclate and the efficiency of the whole process is
directly proportional to the quality of demolition work or rather to sorting of the material from the
demolition directly in the place of their origin. Recycling also includes re-use of whole structural
components from demolitions. This part, however, is not addressed in this article. Figure no. 1 shows
the principle of recycling of construction waste used in the Czech Republic.
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Fig. 1 Scheme of the recycling process used in the Czech Republic (Source: http://www.arsm.cz/podstata.php,
accessed April 15 2013).

During recycling it is necessary to pay particular attention to sorting during demolition work:

separation of contaminated materials from uncontaminated
separation of extraneous materials from mineral debris for recycling - some of the
substances should be separated into different containers, especially then:
o

metals

o

wood

o

some mineral substances (e.g. aggregate)

o

other waste – often dangerous (e.g. asbestos)

classification of mineral debris according to basic types:
o

brick rubble

o

concrete rubble

o

bituminous rubble

o

excavated soil

MACHINERY FOR RECYCLING
3.1 Demolition equipment
Choice of demolition equipment depends on the location of the building, especially on the existing surrounding
buildings and the surroundings of the current building.
3.1.1

Hydraulic/demolishing hammers:

Use of individual options:
Light series
Use:
o

road construction

o

minor excavation and demolition work

o

renovation of buildings
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o

quarries (reduction of input size of material for crushing)

o

garden architecture and landscaping
Middle series

Use:
o

primary aggregate extraction

o

secondary disintegration of aggregate

o

demolitions

o

tunnel construction

o

excavation work

o

foundation engineering
Heavy series

Use:
o

primary aggregate extraction

o

secondary disintegration of aggregate

o

demolitions

o

tunnel construction

o

excavation work

o

foundation engineering

Combined press-shear
Characteristics:
o

range of rotation >360°

o

low load transmitted to the carrier

o

replaceable blades

o

replaceable teeth

o

replaceable jaws for universal use and for cutting steel

o

demolitions

o

reduction of debris size

o

recycling of debris

Use:

3.1.2

Crushers
Demolition crushers

Characteristics:
o

straight jaws

o

favourable performance/weight ration
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o

hydraulic rotary unit 360° allows unlimited rotation

o

short cycle time

o

easily replaceable blades, teeth and tooth plates

o

basic demolition of concrete structures

o

secondary disintegration of oversized debris

o

separating steel reinforcement from concrete

Use:

Crushers of volume debris
Characteristics:
o

extra-wide jaws for large throughput

o

short cycle time

o

easily replaceable blades, teeth and tooth plates

o

hydraulic rotary unit allows unlimited rotation

o

demolitions of buildings and concrete components

o

secondary disintegration of oversized debris

o

separating steel reinforcement from concrete

Use:

3.1.3

Multifunctional grabs

Characteristics:
o

hydraulic rotary unit 360°

o

two hydraulic cylinders for large clamping force

o

grab and parts subjected to wear are made of carbon steel

o

optimum protection of hydraulic cylinders and components

o

large capacity of grab

o

replaceable blades

o

demolition work (walls, wooden structures)

o

sorting and loading

Use:
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Hand Tools
Hydraulic hammers
Hydraulicdemolition hammer
Hydraulic Rotary Hammers
Hydraulic core drills
Hydraulic circular saws
Hydraulic extractor of piles
Pneumatic hammers
Pneumatic hammer drills
3.1.4

Loaders

Selection of a loader depends on the desired capacity of the bucket and, thus, also on the type of the
recycling device. It is possible to use any freely available machines.
These can be:

3.1.5

o

wheel loaders

o

crawler loaders

o

skid loaders

o

as well as backhoe loaders

Recycling and Sorting Technology
Crushers
Impact crushers

Performance characteristics:
o

high operating reliability

o

low operating and maintenance costs

o

quick replacement of bars due to simple fastening system

o

easy operation and maintenance

o

performance of the crusher does not change with wearing of bars

o

high performance

o

high degree of comminution, higher than with other types of crushers

Primary impact crushers are used for medium-hard materials, such as limestone.
Secondary crushers are deployed in the second or third stages of crushing for medium-hard to hard
materials.
Jaw crushers

Performance characteristics:
o
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o

low operating and maintenance costs

o

favourable energy consumption

o

easy replacement of worn parts

o

high performance

o

robust ndesign

Single-toggle jaw crushers have a higher degree of comminution, better grain shape value, lighter
weight and smaller dimensions.
Double-toggle jaw crushers have the ability to crush extremely hard and abrasive materials.
Cone crushers
Basic characteristics
o

high operating reliability

o

low operating and maintenance costs

o

robust design

o

high degree of comminution

o

easy maintenance

o

simple operation

o

high variability

o

easy adjustment of crushing cavity

o

easy discharge of the crushing chamber after collapse(po závalu)

o

remote control of the operation via the Internet

o

high quality of the final product

Roll crushers
Performance characteristics:
o

high operating reliability

o

low operating and maintenance costs

o

easy operation and maintenance

o

long life

o

high performance

Screens
Vibrating screens
Performance characteristics:
o

high operating reliability

o

low operating and maintenance costs

o

high performance
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o

easy replacement of spare parts

o

easy operation and maintenance

o

low depth

o

horizontal position of screens

Resonant screens
Performance characteristics:
o

high operating reliability

o

low operating and maintenance costs

o

high performance

o

easy replacement of spare parts

o

easy operation and maintenance

o

low depth

Magnetic separators
They are used to remove metal parts from recycled debris.
Recycling lines
Mobile recycling line
Mobile recycling line is moving when the machine is operating. In difficult terrain, where these
machines operate, they can work effectively only with a belt bogie.

Fig. 2 Mobile recycling line(Source: http://www.purum.cz/files/image/obraz039.jpg, accessed April
15 2013).
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Semi-mobile recycling line
A semi-mobile recycling line is standing during its operation. It is, however, easy and fast to transport.
Semi-mobile devices can be divided into: devices with slides, a container or on wheeled bogie.

Fig. 3 Semi-mobile recycling line (Source: http://dodavatele.epoptavka.cz/579962-resta-s-ro/nabidka/384783-vyroba-mobilnich-a-semimobilnich-drticich-a-tridicich-linek-pro-zpracovanikameniva, accessed April 15 2013).
Stationary recycling line
Stationary recycling lines allow, due to their size and equipment , preparationof quality recyclate at
high power. This is their largest advantage in comparison with mobile and semi-mobile lines.
However, it is necessary to ensure a constant supply of processed material and a possibility to prestock the lot, which with high transport prices lowers economic efficiency of the operation.
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Fig. 4 Stationary recycling line
(Source:
http://www.fabp.cz/wysiwyg/obrazky/recyklace/4._Mame_i_stacionarni_bubnovou_tridicku.JPG,
accessed April 15 2013).
CURRENT RE-USE OF CONSTRUCTION WASTE
Recycled materials can be used in a number of activities associated with construction. However, full
utilization has not been assured yet. The main reasons are the temporary consumer distrust, and,
secondly, the quality of recycled materials, which is, however, with time and new technologies
moving considerably forward. Possible ways of using basic recycled materials are:
Recycling of concrete:
o

backfilling and embankment material

o

base layers under foundation constructions

o

base material under roads or railways

o

as aggregate in new concrete mixtures

o

as aggregate in bitumen mixtures

o

landscaping

o

noise barriers

Recycling of glass:
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o

glass containers

o

thermal insulation

Recycling of ceramic components:
production of brickconcrete
o

filler for mortars

o

porous concrete production

o

pressed clay brick production

o

red clay production

Wood:
o

fuel – wood chips, briquettes, ...

o

mulch mixtures

o

chipboards

Bitumen:
o

a base layer for low-duty roads

FUTURE OF CONSTRUCTION WASTE RECYCLING
The main idea here is to know in advance, before the building of something new, what is supposed to
happen with the old one. This means:
To reduce taking away as much as possible
To reduce the use of waste dumps as much as possible
To reduce the use of new materials for building
To reduce the bringing of new material to the site
To reduce storage
To maximise re-appreciation (Henková 1992, own translation)
CONCLUSION
The authors are in their research addressing other potential possibilities of re-use of construction
debris. The first part deals with the use of fine fraction (so-called undersize) for reclamation and
strengthening of unstable slopes, for instance, around highways. The second part of the research
addresses the possibility of using the coarse fraction of rubble as drainage around houses and in the
composition of green roofs. The research results are not complete yet and, therefore, can not be
present.
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THE USE OF RECYCLED BUILDING WASTE FOR RECLAMATION
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Abstract
During recycling of building waste there arises so-called “siftings”. The main representation of this
material is during recycling of masonry buildings, but a certain amount arises every time. This fine
material, nowadays, does not have any use in further production of building materials, not even as
granular fill and it thus end up at waste dumps. In a mixture with biological material, it can be used as
a substrate that can be utilized for reclamation, modification of slopes and so on. Using of building
waste would lead not only to ecological gain (necessity to put lesser amount of waste to waste dumps)
but also economic gain (no fees for disposal, lowering of usage of topsoil).
Key words: Recycling, building waste, re-use, fertilizers, laboratory tests, environment, ecology

INTRODUCTION
The issue of re-use of waste is currently highly topical. Construction waste represent approximately
25% of all waste in the Czech Republic, which is not insignificant. A large proportion of the waste it
ends up at waste dumps. This treatment negatively influences the environment. The authors focus in
their research on the use of fine fraction (so-called undersize) which arises during crushing of
constriction waste and which is currently not used at all and ends up at waste dumps. In the following
chapters of the paper, methodology of the research will be described.
RESEARCH LOCATION
The research was carried out in the complex of the company GREMIS, located in the Vyso ina
Region, in the town of Velké Mezi í. The complex serves mainly as a place to store recycled debris
and is located on the edge of the industrial zone. The terrain is dissected and therefore, highly suitable
for this research. Figures 1 to 4 show the location of the research.
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Fig. 5 Location of the town of Velké Mezi í within the Czech Republic. (Zdroj: https://maps.google.cz)

Fig. 6 Velké Mezi í. (Zdroj: https://maps.google.cz)
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Fig. 7 Velké Mezi í – research location. (Zdroj: https://maps.google.cz)

Fig. 8 The complex of the company GREMIS – research location. (Zdroj: https://maps.google.cz)
MATERIALS USED
To carry out the research, the following materials were used:
Recycled debris
The recylate used was created by crushing of construction waste from a demolition of a building by
a recycling line. It is a mixed recyclate containing both parts of masonry and mortar, and concrete. For
the purpose of this research only the finest fraction, the so-called undersize, was used. This material
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does not currently have almost no utilization. Figure 5 depicts a recycling line which was used for
crushing of the construction waste. In the figure 6, the used material can be seen.

Fig. 9 Recycling line

Fig. 10 The used fraction of the construction waste recyclate.
Fertiliser
The product TURFCOMP produced by the company Symbiom was used as a fertiliser here. It is
a grass fertiliser with mycorrhizal fungi. The task of this natural fertiliser is to gradually supply the
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grass with nutrient during the whole season, develop the root system and retain soil moisture, and this
prevent withering of the grass.
The composition of the fertiliser:
natural clay carriers
6 species of mycorrhizal fungi
natural constituents supporting mycorrhiza
biologically decomposable polyacrylamide granules (www.symbiom.cz)
Grass seed
We used a universal grass mixture composed of several varieties of grasses that are adapted to climatic
conditions in the Czech Republic.
RESEARCH APPLICATION ON THE LOCATION
In the location, 13 fields were created in several different ways:
Variants of the substrate
substrate created a layer of debris of 10 cm thickness (10 fields)
use of the existing material on the slope - for the possibility to compare the recyclate and soil (2
fields)
gradient created by waste - very coarse aggregate - only to find out if it is possible to grass over
such a slope (1 field)
Orientation to the
north-east (4 fields)
east (6 fields)
south (3 fields)
Sun exposure
in the shade (4 fields)
in the sun (9 fields)
Amount of fertiliser
100g/m2 (9 fields)
300g/m2 (1 field)
without a fertiliser (3 fields)
Finish
manured by rake (2 fields)
covered up with 3 cm layer of debris without raking (6 fields)
without modification (5 fields)
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Slope gradient
20°
50 – 75°
60°
The last difference is in the size of individual fields. This fact, however, does not significantly affect
the results of the research since all the fields are large enough. The following schemata depict all the
fields created in the research location.

Fig. 11 Scheme of fields 1.1 and 1.2.

Fig. 12 Scheme of fields 2.1 and 2.2.
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Fig. 13 Scheme of fields 3.1 – 3.6.

Fig. 14 Scheme of fields 4.1 – 4.3.
THE COURSE OF RESEARCH AND THE OBSERVED VALUES
The fields necessary for the research were created in the location on 10 September 2012. In the Figure
11, one of the created fields can be seen.

Fig. 15 An example of created fields.
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Growth of grass was monitored regularly and documented by means of photographies. The following
photographies show the gradual development of the fields (these are only selected photographies of
the field 1.1).

Fig. 16 Field 1.1 after 10 days – without any noticeable progress

Fig. 17 Field 1.1 after one month – visible growth.
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Fig. 18 Field 1.1 after 2 months – small progress, the field is ready for sampling.
Over a period of two months, temperature, air humidity and the amount of precipitation in the area
were monitored. During the research, laboratory tests of the used construction waste recyclate were
carried out. Finally, after 2 months, samples for final laboratory tests were taken.
LABORATORY TESTS
Over the two months when the research was in progress in this location, tests of the used construction
waste recyclate were carried out. After a 2-month period, the last laboratory test was executed. These
were the following three tests:
Standard Proctor Compaction Test
The outcome of this test is the dependency between bulk density of dried soil and humidity. It helps to
determine the optimal moisture content for maximal dry density of the soil. The characteristics of the
compaction curve shows us also the sensitivity of the material to humidity changes.
Determination of the soil texture
Results of this test represent the composition of the recyclate based on particle size.
Shear box test
From each of the fields, 4 samples with a 4 cm diameter were taken, and the shear box test was carried
out. The results of the test show angles of internal friction and cohesion of the soil. Based on the
results, we will be able to draw a conclusion whether it is possible to use the construction waste
recyclate for reclamation of flat terrains or slopes with certain gradient as well.
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Fig. 19 An example of taking samples with 4 cm diameter for the shear box test.

Fig. 20 Part of the samples for the shear box test.
CONTINUATION OF THE RESEARCH
The research will continue in the years 2013 and 2014, when it will be expanded into other locations.
It will also be extended by a possibility to use the coarse fraction of the construction waste recyclate as
drainage. The results from the year 2012 have not been completely processed yet. Therefore, they will
be presented later.
CONCLUSION
This article is based on the project of the specific research FAST-S-12-24/1659 titled: The Use of Fine
Fractions of Debris from Recycling for Reclamation.
REFERENCES
www.symbiom.cz
https://maps.google.cz
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Abstract
The strain Xanthobacter autotrophicus GJ 10 is known with its ability to degrade severe chemical
pollutants such as 1, 2 - dichloroethane (1, 2 – DCE), monochloroacetic acid (MCA) and
dichloroacetic acid (DCA). The degradation by free and immobilized cells of bacteria is studied in
various experimental systems. Processes in shake cultures, air-bubble columns and packed-bed
fermentors with cells entrapped in Ca-alginate gel beads and adsorptive on granular clay cells are
compared with adsorptive cells in soil for batch, semi continuous and continuous processes. Repeatedbatch and fed batch processes with immobilized in polyacrylamide gel cells are tested for utilization of
MCA. Immobilized cells in chitosan beads degrade successfully 0, 5 mg/l 1, 2 - DCE.
Key words: Xanthobacter autotrophicus GJ 10, immobilization, Ca-alginate gel beads, adsorptive on
granular clay cells, polyacrylamide gel, chitosan beads, adsorptive cells in soil
1. INTRODUCTION
Dichloroacetic acid and its ester derivatives are important intermediates in the synthesis of antibiotics,
sulphonamides and plant protectives (Riemenschneider 1986). The biodegradation of the short-chain
haloalkanes as 1, 2 - dichloroethane, dichloromethane, 1, 2 - dibromoethane and others, produced in
large amount from chemical industries, has been object of many studies because of their strong
pollutant action. Monochloroacetic acid is haloacetic one and has relatively long lifetime in natural
environment (Ellis et al. 2001). The biological methods of waste water remediation include the
participation of peculiar bacterial strains. The intensive research in the area of the bioconversion of
haloalcanoic acids in the last decades was certainly enhanced by the isolation and application of strain
Xanthobacter autotrophicus GJ10, which is able to utilize several halogenated hydrocarbons as carbon
and energy sources (Janssen et al. 1985). The bacterium Xanthobacter autotrophicus GJ 10 forms
dehalogenating enzymes, which liberate the halogen in 1, 2 - dichloroethane as halides ions.
The immobilization of microorganisms offers biocatalysts easy to handle. Biomass is protected against
wash-out and often increased resistance to xenobiotics can be observed (Westmeier and Rehm 1987,
Balfanz and Rehm 1991, Heipieper et al. 1991). Specialized cultures will become increasingly
important for the application of biological techniques for environmental cleanup (Janssen et al. 1989,
Parvanova-Mancheva and Beschkov 2009).
Cells of Xanthobacter autotrophicus GJ 10 were immobilized in chitosan beads and placed into tube
reactor, whose outlet was connected to a flow-trough cell with chloride-selective potentiometric
electrodes. Water samples were delivered continuously to the system. The detection limit for 1, 2 DCE was below 0, 5 mg/l. The effects of several parameters like flow rate and cell density were
studied in detail (J.Peter et al. 1997).
The degradation of DCA by free, Ca-alginate and adsorptive immobilized cells of Xanthobacter
autotrophicus GJ 10 has been studied in various experimental systems (Heinze and Rehm 1993).
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Entrapped cells tolerated increasing concentrations of DCA better than free cells. Free and adsorptive
immobilized cells degraded DCA most effectively at maximum O2 supply, 34 o C and an initial pH
value of 8,0. Due to the stabilization of pH, Heinze and Rehm (1993) supplement acetate or succinate.
Higher degradation rates were achieved in air-bubble and packed bed fermentors, where free,
adsorptive and immobilized cultures were used in batch processes. The cells were entrapped in Caalginate gels or adsorbed on granular clay and the effect of toleration of higher DCA concentrations
was shown. Granular clay proved to be a carrier material with satisfactory adsorption capacities
(Balfanz and Rehm 1991). Among others, bacterial extracellular polymers assist in binding microbial
cells to surfaces. The carrier material is seeded due to the formation of surface films of either bound
water or organic material (Characklis and Marshall 1990).
Xanthobacter autotrophicus GJ 10 was applied in a packed-bed fermentor to degrade DCA in batch-,
semicontinuous and continuous culture (Meusel and Rehm 1993). Degradation has been studied with
freely suspended and adsorptive immobilized cells. To imitate natural soil systems, the fermentor was
filled with soil. Soil presents a complex buffer system with participation of phosphate and carbonate,
metal ions and humic substances (Kuntze et al. 1983). It would be interesting to elucidate whether in a
natural environment such a large decrease in pH could be determined as observed in fermentors with
sand. Concentrations of up to 20 mM DCA were degraded completely. If higher initial concentrations
were used, the decrease in pH value inhibited further growth and degradation. In continuous culture
the fermentor was inoculated additionally with activated sludge. A decrease in degradation of DCA
was observed when succinate was added as a second substrate. Non-induced cells showed typical
repression of catabolities and diauxic growth with succinate as co-substrate. The results demonstrate
that Xanthobacter autotrophicus GJ 10 might be suitable for applications in biological waste treatment
systems (Meusel and Rehm 1993).
Pure culture of Xanthobacter autotrophicus GJ 10 was immobilized in polyacrylamide gel too and was
tested for its capability to biodegrade high amounts of monochloroacetic acid. The density of the
immobilized cells was 40 times higher than that of the free culture at analogous conditions and
substrates. The kinetics of gel’s exhaustion was investigated in repetitive runs. The immobilized
culture was used for six consecutive runs in flasks and was biodegraded MCA amount of 50 mM
(Vasileva et al. 2009-a). Aiming to increase the final volume of the MCA destroyed and to overcome
the substrate inhibition, a fed batch process performance was applied. In a stirred tank bioreactor,
under micro-aerobic conditions, amount of 150 mM MCA was degraded for 330 h (Vasileva et al.
2009-b).
2. MATERIALS AND METHODS
2.1. Bacterial strain and media
Pure cultures of Xanthobacter autotrophicus GJ 10 were used throughout the experiments. Different
substrates as 1, 2 – DCE, DCA, MCA, acetate or succinate were added in varying concentrations to a
mineral medium containing: Na2HPO4.12H2O, KH2PO4, (NH4)2SO4, MgSO4.7H2O and FeSO4.7H2O
or CaCl2.2H2O. After sterilization the medium was completed with vitamin solution - yeast extract
(Janssen et al. 1984) and with trace element solution (Pfennig and Lippert 1966). The pH of the
medium was adjusted to pH 7, 0 for immobilized cells in Ca-alginate and polyacrylamide gel. The pH
was adjusted to pH 7, 6 for adsorptive immobilized cells. A medium with 5 mM MCA or 10 mM DCA
was used for precultures. If an acetate or succinate were added besides DCA, free and entrapped in
Ca-alginate gel cells favored the use of a second carbon source. Most DCA was mineralized after
degradation of acetate or succinate. The pH value of the fermentation medium increased during the
consumption of the second carbon source and decreased after complete mineralization of these sources
during removal of DCA.
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2.2. Immobilization
Xanthobacter autotrophicus GJ 10 was grown on agar plates with 10 mM DCA for 5 days at 30oC.
Precultivation medium was inoculated and incubated on a rotary shaker. Cells were centrifuged,
resuspended in mineral medium and harvested by second centrifugation.
For one of immobilization, granulated Lecaton particles (2, 5 - 6, 0 mm diameter and specific surface
25, 36 m2g-1) were used. Particles were washed with demineralized water and dried before use.
Granulate (25 g) was packed in baskets of steel wire and sterilized in the growth medium. After
sterilization, the medium was completed with the vitamin and the trace element solution. DCA was
added to a final concentration of 10 mM. Cells of Xanthobacter autotrophicus GJ 10 were added to a
titre of 1x107 cells ml-1 and they were incubated at 32o C for 24 h with an aeration rate of 2 vvm. After
immobilization the baskets were put into the glass columns.
For the second immobilization Alginate (Manugel DJX) was obtained from Alginate Industries
(Hamburg, Germany). The entrapment of cells was carried out according to the methods of Eikmeier
and Rehm (1987) and Beunink and Rehm (1988). Mineral medium with 10 ml alginate gel beads was
incubated in unbaffled plugged 100-ml Erlenmeyer flasks on a rotary shaker (160 rpm, 34 o C). After
50 min the gel beads were washed with water and mixed with substrate-free mineral medium to
determine the diffusion of DCA from Ca-alginate gel beads into the medium.
The third immobilization was with adsorbied cells. Adsorption was carried out for 24 h by pumping
the cell suspension through a packed-bed fermentor, which was filled with granular clay wrapped in a
polyethylene net.
The fourth immobilization was with cell entrapment in polyacrylamide gel and was performed by the
method of Petrov et al. (2007). The active culture for immobilization was prepared in flasks for 48 h
by use of a rotary shaker (New Brunswick Scientific, USA, 30º C, 220 rpm). Prior to immobilization
the cells had been washed twice with 0.9% NaCl and centrifuged at 5000 rpm for 30 min. The gel
contained: 10% (w/v) of the monomer acrylamide (AA); 0.1% (w/v) of the cross-linking agent N, N’methylene-bis-acrylamide (MBAA); 2 ml 5% (w/v) ammonium persulfate (NH 4)2S2O8 and 1.5 ml
2.5% of the co-initiator - N, N, N’, N’ tetramethylethylene diamine (TEMED). Cell suspension for 30
ml gel was previously prepared with 5 g dry biomass. The gel was chopped into particles with an
average size of 3 mm of a polyhedric shape. The gel particles were washed with sterile distilled water
and immersed in a 0.9% NaCl solution after each run. When the particles were not used, they were
immersed in 0.9% NaCl and stored in a refrigerator at 4° C (Vasileva et al. 2009-b).
2.3. Fermentation conditions
Batch fermentations with free cells in shake cultures were grown in plugged 100-ml baffled
Erlenmeyer flasks containing 30 ml fermentation medium. Ca-alginate immobilized cells were
cultivated in plugged 100-ml unbaffled Erlenmeyer flasks containing 6 ml gel beads and 24 ml
concentrated fermentation medium. The cultures were incubated on a rotary shaker. Free and
entrapped cells were also cultivated in the 500-ml conical air-bubble columns. Aeration occurred
through a glass frit, which formed the bottom of the columns. Temperature was regulated by means of
a water jacket.
For other experiments, batch fermentations were carried out in glass column fermentor with diameter
50 mm and total volume 450 ml. The columns were filled with 250 g sand (diameter 1, 0 - 1, 5 mm).
The temperature was adjusted to 32 o C by a water jacket. Aeration of 2, 5 vvm was carried out
through the bottom of the column. For fermentations with immobilized cells the fermentor was filled
additionally with 25 g immobilizes.
Batch fermentations with adsorptive immobilized cells were carried out in packed-bed fermentors
filled with 100 g granular clay and 250 ml fermentation medium. The fermentors were aerated with 4
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vvm and were worked at 34o C. Entrapped cells of Xanthobacter autotrophicus GJ 10 were stored in
mineral medium for 61 days at 4o C.
Fed batches were performed in a “New Brunswick Scientific - BIOFLO” fermentor with magnetic
stirrer and working volume of 450 ml, at 30º C, pH 7.0 and 400 rpm agitation. The micro-aerobic
cultivation was done by a constant air-flow supply at 0.25 l/min (0.56 vvm). The pH adjustment was
carried out automatically with 2 M KOH. The initial MCA concentration was 5 mM, thereafter it was
maintained fewer than 15 mM by addition of 97% pure MCA.
In semicontinuous culture, fermentation medium was removed after an interval of 8 h. The column
was stored for 14 h at room temperature with reduced aeration rate. Before further use, the column
was washed twice with mineral medium.
Continuous culture was performed under pH-static conditions at pH 7. 0. Fermentation medium
containing DCA or succinate was pumped continuously into the column by means of a peristaltic
pump. For degradation under non-sterile conditions the columns were inoculated with 10 ml
supernatant of an activated sludge sample from the municipal waste-water treatment plant.
2.4. Analytical methods
The optical density (OD) of cell suspensions was measured at 546 nm (OD546) with a
spectrophotometer (U-2000, Hitachi, Tokyo, Japan). DCA and succinate were measured quantitatively
by means of an isocratic HPLC system. Chloride levels in the culture fluids were determined by the
colometric method of Bergmann and Sanik (1957). The titre of suspended cells was determined by
using Thoma counting chamber. For the quantification of immobilized cells, 10 g cell-loaded
granulate was shaken for 30 min in 50 ml Na 4P2O4.12H2O (0, 28 %) at 300 rpm. Afterwards the titre
of this cell suspension was determined. Cell loading was calculated as cells per gram of granular clay.
Alginate beads were dissoluted by shaking in 50 mM sodum hexametaphosphate for 5 min. The total
number of cells adsorbed on granular clay was determined by protein measurement with reference to a
calibration curve determined with defined dilutions of cell suspension (Bradford 1976). The diffusion
characteristics of DCA into Ca-alginate gel beads were investigated following the method of Tanaka et
al. (1984).
Cell growth was estimated by a measurement of the optical density of the broth at 500 nm (OD500)
with a UV-1600PC spectrophotometer (VWR). The concentrations of monochloroacetic and glycolic
acids were determined using a high-performance liquid chromatography (Perkin-Elmer series 10
HPLC), equipped with Knauer variable wavelength detector at 210 nm and Bio-Rad column for
organic acids analysis (Aminex Ion Exclusion HPX-87H) at a temperature 65 C. As a mobile phase
was used sulphuric acid (0.01 N) at an elution rate of 0.6 ml/min. All samples were preliminary
purified through a membrane filter (0.22 m pores).
3. RESULTS
3.1. Biodegradation of DCA by freely suspended and adsorptive immobilized cells in batch culture
Initial concentration below 20 mM DCA was degraded completely by both free and immobilized cells.
Phase-contrast light micrograph photo of nutrient broth-grown free cells of strain Xanthobacter
autotrophicus GJ 10 is shown on Fig. 1. Degradation with immobilized cells appeared to be similar to
freely suspended cells. Immediately after filling the columns with growth medium a strong desorption
of weakly bound cells appeared. Thereby the cell loading of granulate was reduced to 76%. If the
granulate was washed before use, weakly bound cells and cells in capillary water were removed and
degradation occurred to be slower. When granulate was washed after immobilization 9, 5 mM DCA
were degraded for 16, 5 h. When granulate don’t washed after immobilization the same amount DCA
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were degraded for 9, 5 h. It was investigated the degradation of DCA by freely suspended cells under
pH-static and under non-regulated conditions. In the case of a constant pH 5, 0 even 40 mM substrate
was degraded completely. On the other hand, under non-regulated conditions, degradation stopped at
20 mM when pH 5, 0 was reached (Meusel and Rehm 1993).

Figure 1. Micrograph photo of free cells of strain Xanthobacter autotrophicus GJ 10. Bar. 10 m
3.2. Semicontonuous (intermittent periods) degradation of DCA
Using adsorptive immobilized cells, semicontinuous experiments were performed and 5 mM DCA
was completely degraded after 6, 5 h. A time period of 8 h was chosen to show alterations in
degradation. Whereas degradation of DCA was incomplete in the first interval, cell growth on
granulate resulted in increasing degradation rate from the first to the last interval, so that degradation
was already complete in the second interval. Between the experiments granulate was stored for about
14 h. After the last interval, medium was removed and the column was stored at room temperature and
a reduced aeration rate for 6 days.
3.3. Continuous degradation of DCA
First, continuous culture was performed at low dilution rates. A primary input of DCA of 1, 15 mmol
l-1h-1 could not be degraded completely. Thus, the input was reduced and afterwards increased
stepwise. Degradation of DCA was complete until input values of 8, 1 mmol l-1h-1 were reached under
steady-state conditions. To investigate the influence of other organisms in the fermentor, two columns
were additionally inoculated with samples of activated sludge. The organisms in the sewage sludge
were not able to use DCA as a carbon source but readily grew with succinate. The second substrate
caused a decrease in DCA degradation, although the DCA input was held constant at 3, 5 mmol l-1h-1.
The addition of succinate caused a decrease in specific enzymatic activity and results in prolonged
degradation of the chlorinated substrate. Succinate is preferred substrate because an inoculation with
sewage sludge at the end of the experiment showed a large number of morphologically different
microorganisms in the fermentor.
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3.4. Biodegradation of DCA by free and entrapped bacteria in shake culture
In processes without microorganisms DCA diffused from alginate gel beads into the medium after
about 15 min. When free or entrapped cells of Xanthobacter autotrophicus GJ 10 were cultivated in
mineral medium, the growth was stopped after addition of 70 mM DCA. Batch fermentations in shake
cultures showed a significant interdependence between degradation time and DCA concentration.
Cultures with free cells mineralized 3-15 mM DCA and cultures with entrapped cells 3-12 mM
respectively. Entrapped cells in shake cultures removed DCA first and subsequently the second carbon
source such as acetate or succinate. Microcolonies inside the gel beads exhibited partly distinct threads
(filaments) between bacteria and between bacteria and Ca-alginate matrix (Fig. 2). These threads
might consist of exopolysacharides formed by Xanthobacter autotrophicus GJ 10. Ca-alginate beads
are sensitive to high pH values and high levels of phosphate ions (Vorlop and Klein 1983, Bisping and
Rehm 1984). Therefore, fermentations with entrapped cells are possible only under certain pH and
buffer conditions. This is the reason for the comparatively slow and incomplete proton-releasing
degradation of DCA by alginate-entrapped cells in media with low initial pH value.

Figure 2. Microcolony of Xanthobacter autotrophicus GJ 10 within an alginate gel bead
3.5. Biodegradation of DCA by free and entrapped bacteria in air-bubble fermentors
Sterile control in these experiments showed that the decrease in DCA in the media was caused by
biodegradation. No detectable amounts of DCA degassed and no DCA was absorbed by sterile
alginate beads. Cultures with free cells were able to mineralize 3-17 mM DCA and other with
entrapped cells 3-12 mM DCA respectively. Free cells degraded 15 mM DCA within 25 h afterwards
the degradation ceased. Ca-alginate immobilized cells degraded 11, 2 mM DCA within 25 h
incubation time. During the decomposition of DCA, protons were released into the medium and pH
value was decreased at pH 4, 0. The cell load of granular clay showed a characteristic distribution,
which indicates that, the air supply at the bottom of the column and the ascendant air bubbles have
desorbed cells from the carrier material.
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3.6. Biodegradation of DCA by adsorptive immobilized Xanthobacter autotrophicus GJ 10 in packedbed fermentors
The adsorption of most cells of Xanthobacter autotrophicus GJ 10 onto granular clay occurred during
the first 5 h of immobilization. Cultures were able to mineralize up to 25 mM DCA at the beginning of
the fermentation. With increasing initial substrate concentrations the degradation time was prolonged.
Within 75 h, 60 mM DCA was degraded incompletely, because the degradation slowed after 57 h
when ph 5, 0 was reached. Adsorptive immobilized cells cultivated with succinate. The additional
carbon source was mineralized first and subsequently DCA. The use of succinate leads to a pH
increase, whereas the subsequent degradation of DCA showed no significant change in pH. It was
demonstrated that granular clay derived from the top of the columns was more highly loaded with cells
than samples derived from the middle or the bottom. Furthermore, higher concentrations of DCA at
the beginning caused higher cell loads at the end of the fermentations. Cultures with 25 mM and 60
mM DCA carried the same cell load at the top of the column (Heinze and Rehm 1993). Electron
micrographs showed that the granular clay was colonized mainly at the surface. In the cavities of the
carrier Xanthobacter autotrophicus GJ 10 grew sporadically (Fig. 3). The cells load of granular clay
might be torn away and might have readsorbed at the middle or the top of the packed bed. Such a
gradient of cell load was also described by Menke and Rehm (1992).

Figure 3. Adsorptive immobilized Xanthobacter autotrophicus GJ 10 cells
3.7. Biodegradation of MCA by free and immobilized Xanthobacter autotrophicus GJ 10 in
polyacrylamide gel
First we have studied the process in a free culture at different initial MCA concentrations. It is evident
that the conversion of MCA to glycolic acid (GA) takes place mainly in the phase of exponential
growth. It is seen moreover, that at initial MCA concentration over 10 mM, strong substrate inhibition
was observed. Gel particles were used repetitively six times. The degradation kinetics of MCA, GA
and chlorides accumulation were compared with these of free culture. Results revealed that in all cases
MCA degradation was accomplished mainly by the free cells, whereas the gel particles served as a
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donor of cells. During the last run, however, the lag-phase became longer and similar to that of the
first run. It means that the leakage of cells from the particles during the previous runs has led to
exhaustion and to an immobilized cell concentration decrease. Assumed the immobilized culture
degraded over than 50 mM MCA in six repeated batch processes (Vasileva et al. 2009-a). Degradation
kinetic curves of MCA during batch processes are shown on Fig. 4.

Monochloroacetic acid [mM]

Aiming to increase the final volume of the MCA destroyed and to overcome the substrate inhibition, a
fed batch process performance was applied. It was important to keep the MCA in a comparatively low
concentration during the cultivation. The initial concentration of 5 mM MCA was utilized slowly and
in the beginning of process only small amount of substrate was added. After 72 h of fermentation, next
several portions each of 10 mM or 15 mM of MCA were rapidly consumed (Fig. 5). The degradation
was additionally accelerated when the immobilized biomass began leaking from the gel particles.
After 300 h fermentation, the consumption rate slowed down because of the gel particles exhaustion.
At the 340 h the MCA degradation ceased and the process was stopped, achieving 150 mM completely
biodegraded MCA. The major amount of MCA has been degraded from the free biomass, leaked from
the gel. Therefore, the immobilized in the polyacrylamide gel culture operated both as a MCA
destroyer, and as a reservoir of new bacterial cells, not yet exhibited to the MCA toxic action
(Vasileva et al. 2009-b).
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Figure 4. Degradation kinetics of MCA by immobilized culture of Xanthobacter autotrophicus GJ 10
during six batches
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Figure 5. Kinetic of MCA degradation by immobilized culture of Xanthobacter autotrophicus GJ 10
in fed batch process

4. CONCLUSION
Cells of Xanthobacter autotrophicus GJ 10 were immobilized by adsorption to porous granulate. With
regard to degradation of DCA and activity of haloacid dehalogenase in crude extracts, no significant
difference between immobilized and freely suspended cells was found. The both cells degraded
concentrations up to 20 mM DCA. The use of immobilizied cells is advantageous when cells are kept
in the fermentor. With pH-static conditions (pH 5.0) a complete degradation of 40 mM DCA was
obtained. In continuous culture, immobilization maintained the potential for degradation even a high
dilution rates. The stability of immobilized systems is a desired feature that makes applications in
biological treatment of contaminated soil or ground-water possible. Often in-situ methods are
insufficient and more complex “pump-and-treat” method has to be used.
Free and immobilized cells of Xanthobacter autotrophicus GJ 10 are obviously able to degrade DCA
in shake cultures, air-bubble columns and packed-bed fermentors. Complete degradation of this
compound depends on the initial pH value of the fermentation medium. The decrease in pH during
mineralization of great amounts of DCA obviously stops degradation and bacterial growth. Higher
concentrations of DCA were degraded by adsorptive immobilized than by free or entrapped cells.
However, adsorptive immobilized cells of Xanthobacter autotrophicus GJ 10 degraded DCA more
slowly than cultures with free microorganisms or gel beads. This may be attributed to harmful
turbulence inside the column, which may affect cell proliferation and other metabolic activities. An
incomplete degradation of high concentrations of DCA due to acidification could largely be avoided
by the addition of acetate or succinate as co-substrates to the fermentation medium. During
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metabolism of the second carbon source, the pH value of the fermentation medium may increase,
because succinate can be taken up into the cells via a proton symport system. In contrast to cultures
with adsorptive immobilized or free cells, entrapped cells in shake cutures utilized DCA faster than
acetate or succinate, and the pH of the medium decreased during degradation of the carbon sources.
Air-bubble fermentors were much more effective in biodegradation of the halogenated compound than
shake cultures. It was demonstrated that degradation of DCA is depended on O2 supply. Cultures with
a great ratio of gas to medium volume showed a higher degradation rate of DCA than cultures with
smaller relative gas volume. DCA inhibited free cells more than entrapped cells. A protective function
of alginate was mentioned. In this connection the establishment of microcolonies of Xanthobacter
autotrophicus GJ 10 inside gel beads and the protection of large amounts of a polysaccharide slime,
which has been identified as a very effective drag-reducing polymer, might be important. The
possibility of immobilizing Xanthobacter autotrophicus GJ 10 without loss of degradation capacity for
DCA, and the results achieved with packed-bed fermentors may facilitate the application of this
bacterium in waste treatment systems. Packed bed fermentor with adsorptive immobilized cells are
similar to soil systems. It may be useful to investigate the degradation of DCA by Xanthobacter
autotrophicus GJ 10 in soil on the basis of granular-clay-immobilized cells.
The cells of Xanthobacter autotrophicus GJ10 were successfully immobilized in polyacrylamide gel.
The use of immobilized culture drastically increased biomass density within the gel particles. The
biodegradation of MCA by the immobilized cells is highly effective at low concentrations as 5 and 10
mM. When the media contain 10mM initial concentration of MCA, the immobilized culture could be
used repetitively up to six times in batch processes, before the gel’s exhaustion. Assumed the
immobilized culture degraded over than 50 mM MCA in six repeated batch processes. When a higher
concentration of MCA was used, an increased inhibition effect by the synergic action of MCA and the
toxic gel’s ingredients didn’t allow MCA consumption. The fed batch process allowing gradual supply
of the toxic substrate and performance with proper aeration and pH control contribute to achieve high
amount of converted acid - 150 mM MCA were degraded for 330 h.
By maintaining the capacity for the degradation of 1, 2 – DCE, MCA and DCA by immobilization of
Xanthobacter autotrophicus GJ10, the application of the organism in waste treatment systems may be
facilitated.
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Abstract
The paper is focused on phytocenological research of agrocoenosis and research of soil conditions in
terms of ecological management systems (GPS 48o 57 'N, 20° 05' E) and in the areas affected by
mining activities (GPS 48o 54 'N, 20° 52' E). On the studied agrocoenosis, the mapping of vegetation
was made by using phytocenological images, based on semi-quantitative Braun-Blanquet (1964)
seven-point combined scale. Diversity of species was evaluated by Shannon H 'index of diversity.
Physical (bulk density, porosity) and chemical (soil reaction, organic carbon content, inorganic
nitrogen, available phosphorus, potassium and magnesium) and available heavy metal content (Pb,
Cd, Zn, Cu) were monitored and statistically evaluated. 117 and 100 species of vascular plants were
recorded on the study areas with ecological system and on the areas affected by mining activities,
respectively. Soil conditions, including heavy metals, were more favourable in conditions of ecological
land management. Species diversity reached lower values on areas affected by mining activities.
Key words: environment, soil parameters, species diversity
1. INTRODUCTION
The territory of Slovakia is characterized by richness of species diversity communities. There have
been described 3949 taxa of vascular plants in our territory, of which 123 are endemic species, 634 are
listed as a protected and 485 are endangered (Marhold et al., 1998).The diversity of sites foothill and
mountain areas is mostly affected by altitude, which indirectly relates to the temperature, rainfall and
length of growing season. This correlates negatively with a significant factor in the intensity of
anthropic load, which is increasing with decreasing altitude (Jarolímek et al., 2004). Heterogeneity of
vegetation increases its stability. The practical application of this knowledge is realized in ecological
management systems which supports biodiversity of communities (Marada, 2011). The soil as a
component of the environment is sensitive to various negative impacts caused by exhalations of power
engineering, industry, transport or entry of contaminants. Plant composition as well as other parts of
the biological components reflects the current status of soil conditions. Sensitivity of different plant
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species to toxic substances shows the occurrence of the changes in the chemistry of the soil
environment (Jurko, 1990, Pariláková, 2002).
The aim of this work is phytocenological research of agrocoenoses and soil research od conditions in
terms of the ecological system of soil management and land affected by mining activities.
2. MATERIAL AND METHODS
Phytocenological research of agrocenoses was conducted in territory Liptovská Tepli ka where is
realised ecological management system on the soil (localities LT I – LT V; Fig. 1).The rugged relief
area in an altitude of 919 m asl (Tremboš et al., 2002) falls under the phytogeographical division of
Slovakia (Futák, 1984) in Western Carpathian flora (Carpaticumoccidentale), in district of high
Carpathians (Eucarpaticum) and low Tatras. The research on localities KR I – KR IV (Fig. 2) was
realized in the Middle Spis (cadastre Krompachy and Slovinky), which is known from the past by a
large presence of ore deposits and the related mining activities (Špaldon et al., 2006).The area is
currently classifiable between loaded and hygienically unsafe (Hronec et al., 2008).
Phytogeographically this territory belongs to the Western Carpathian flora (Carpaticumoccidentale),
district of Precarpaticum (Praecarpaticum), and the district Slovak Rudohorie. The average altitude of
the area is 360-450 m asl.
Diversity of grassland communities was monitored at selected localities in the form of plots on the
field of 16 m2 during the growing season 2010/2011 and 2011/2012. Vegetation was assessed by
Braun - Blanquet scale. Terminology is given in accordance with Marhold and Hindák (1998). The
determination of species diversity of sites was according to Shannon index ´ =
2 ,
which is sensitive to the different characteristics of plant communities, particularly the number and
significance of the coefficient of all kinds. The results were evaluated on the basis of scales: 1
extremely low (<0.5), 2 very low (0.5-1), 3 middle low (1 to 1.7), 4 low (1.7 to 2.5), 5 low to moderate
(2.5-3.3), 6 medium (3.3 to 4), 7 half-height (4-5), 8 high (5-7), 9 very high (7-10) and 10 extremely
high (> 10).
Soil samples for physical and chemical soil properties, heavy metals content determination were
sampled on permanent research sites (LT I – LT V and K I – K IV), from the depth of 0.05 m to 0.15
m (Fig. 1, Fig. 2.). We studied and evaluated the bulk density [t.m-3] and porosity [%] in Kopecky
physical cylinder with a capacity of 100 cm3. From among the chemical soil characteristics, we
monitored and evaluated soil reaction in 1N solution KCl and CaCl2, inorganic nitrogen, available
phosphorus, potassium, and magnesium according Mehlich III., organic carbon according to urin
(Fiala et al., 1999). Content of heavy metals – Pb, Cd, Zn, Cu were determined by atomic absorption
spectrometry, after extraction from soil by 1 M NH4NO3 and 2M HNO3. The obtained data were
processed statistically by means of the STATGRAPHIC software.
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Fig. 1. Phytocenological and pedological research of agrocoenoses in territory Liptovská Tepli ka
(Slovakia).

Fig. 2. Phytocenological and pedological research of agrocoenoses in territory Krompachy (Slovakia).
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3. RESULTS AND DISCUSSION
The families Rosaceae, Poaceae, Asteraceae were dominated in locality Liptovská Tepli ka where is
realised ecological management system on the soil. Values of diversity Shannon index (Fig. 3) on
agrocenoses are according to the empirical scale medium. Predominant species are Alchemilla spp.,
Avenula planiculmis, Hypericum maculatum.

LT 1

LT 2

LT 3

LT 4

LT 5

Fig. 3. Values of diversity Shannon index on agrocoenoses in territory Liptovská Tepli ka.
On the environmental loaded area, the diversity of localities is in the scale low to moderate, according
to the empirical scale of Shannon index (Fig. 4). The families Asteraceae, Poaceae, Fabaceae were
dominated. Numerously represented species Taraxacum officinale in this locality is bioindicator,
which of tencolonises the contaminated area of the high content of heavy metals (Š IRAGI , 2011).
Represented species on the localities were Trifolium pratense, Poa pratensis, Taraxacum officinale,
Achillea millefolium. The species compositions of al localities are mentioned as the reléves in the table
1and table 2.

KR 1

KR 2

KR 3

KR 4

Fig. 4. Values of diversity Shannon index on agrocoenoses in territory Krompachy.
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Table 1. Phytocenological date of plant communities in the Liptovská Tepli ka localities.
Locality
name

4

Covering
(%)

Number of
species

LT I

100%

33

LT II

100%

32

LT III

100%

25

LT IV

100%

27

LT V

100%

24

Species
E0, E2, E3 no species were recorded
E1: Alchemilla spp. 3, Phleum pratense 3, Cirsium rivulare 3, Ranunculus
acris 2, Trifolium rubens 2, Avenula planiculmis 2, Bistorta major 2,
Veronica chamaedrys 2, Trifolium pratense 2, Colchicum autumnale 2,
Filipendula vulgaris 2, Lathyrus pratensis 2, Taraxacum officinale 2, Poa
pratensis 1, Dactylis glomerata 1, Campanula patula 1, Hypericum
montanum 1, Plantago major 1, Cruciata laevipes 1, Galium uliginosum 1,
Origanum vulgare +, Capsella bursa-pastoris +, Geum rivale +, Carum
carvi +, Plantago lanceolata +, Carlina acaulis +, Ranunculus arvensis +,
Digitalis grandiflora +, Scirpus acutiformis+, Lychnis flos cuculi r, Acetosa
pratensis r, Urtica dioica r, Myosotis palustris r,
E0, E2, E3 no species were recorded
E1: Alchemilla spp. 3, Avenula planiculmis 2, Hypericum maculatum 2,
Campanula patula 1, Phleum pratense 1, Trifolium pratense 1, Festuca
arundinacea 1, Taraxacum officinale 1, Poa pratensis 1, Trifolium rubens 1,
Festuca pratensis 1, Galium uliginosum 1, Poa trivialis 1, Carum carvi 1,
Ranunculus acris 1, Veronica chamaedrys 1, Cirsium rivulare +, Origanum
vulgare +, Thymus serpyllum+, Plantago lanceolata +, Lychnis flos cuculi
+, Hypericum montanum +, Bistorta major +, Centaurium
erythraea+, Salvia pratensis +, Poa compressa +, Stellaria media +, Linaria
vulgaris +, Acetosa pratensis r, Rhinanthus minor +, Capsella bursapastoris r, Trifolium hybridum r,
E0, E2, E3 no species were recorded
E1: Daucus carota 3, Taraxacum officinale 3, Ranunculus acris 2, Stellaria
graminea 2, Alchemilla spp. 2, Hypericum maculatum 2, Campanula patula
1, Galium uliginosum 1, Veronica hederifolia 1, Festuca rubra 1, Poa
pratensis 1, Dactylis glomerata 1, Trifolium pratense 1, Plantago major 1,
Phleum pratense 1, Achillea millefolium 1, Plantago lanceolata +,
Trifolium rubens 1, Carum carvi +, Cruciata laevipes +, Carlina acaulis +,
Geranium pratense +, Euphrasia tatarica+, Centaurium erythraea r,
Stellaria media r,
E0, E2, E3 no species were recorded
E1: Hypericum maculatum 3, Alchemilla spp. 3, Vicia cracca 2, Veronica
chamaedrys 2, Myosotis palustris 1, Ranunculus acer 1, Dactylis glomerata
1, Campanula patula 1, Taraxacum officinale 1, Acetosa pratensis +,
Festuca rubra 1, Galium uliginosum +, Cruciata laevipes +, Dactylis
glomerata +, Plantago lanceolata +, Festuca pratensis + Rhinanthus minor
+, Daucus carota +, Origanum vulgare +, Capsella bursa-pastoris +,
Carlina acaulis +, Lychnis flos cuculi +, Festuca arundinacea +, Poa
pratensis +, Plantago major +, Salvia pratensis +, Gladiolus imbricatus r,
E0, E2, E3 no species were recorded
E1: Taraxacum officinale 3, Phleum pratense 3, Achillea millefolium 3,
Acetosa pratensis 2, Lolium perene 2, Alchemilla spp. 2, Ranunculus acris 2,
Veronica chamaedrys 2, Rhinanthus minor 1, Campanula patula 1, Festuca
rubra 1, Hypericum maculatum 1, Trifolium pratense 1, Poa pratensis 1,
Stellaria media 1, Trisetum flavescens 1, Trifolium hybridum +, Dactylis
glomerata +, Plantago major +, Vicia sepium +, Lolium perene +, Trifolium
rubens +, Myosotis palustris r, Capsella bursa-pastoris r,

- cover of 75 to 100%, 4 - cover of 50 to 75%, 3 - cover of 25 to 50%, 2 - cover of 5 to 25%, 1 - under cover
of 5%, + - cover of negligible, r - occasionally)
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Table 2. Phytocenological date of plant communities in the Krompachy localities.
Number
of species
Species
Covering
(%)
E0, E2, E3 no species were recorded
E1: Trifolium pratense 3, Poa pratensis 2, Plantago lanceolata 2,
Achillea millefolium 2, Equisetum pratense 2, Acetosa pratenis 2
Trifolium hybridum 2, Taraxacum officinale 2, Plantago major 1,
Briza media 1,Veronica chamaedrys +, Capsella bursa-pastoris +,
22
100%
Cirsium arvense +, Agrimonia eupatoria +, Alchemilla vulgaris +,
Dactylis glomerata +, Euphorbia cyparissias +, Leucanthemum
vulgare +, Geranium pratense r, Lychnis flos-cuculi r, Primula veris
r, Salvia pratensis r,
E0, E2, E3 no species were recorded
E1: Taraxacum officinale 3, Trifolium pratense 3, Poa pratensis 2,
Acetosa pratensis 1, Plantago major 1 Dactylis glomerata 1, Festuca
pratensis 1, Alchemilla vulgaris 1, Geranium pratense 1, Galuium
aparine +, Urtica dioica +, Trifolium hybridum +, Stellaria media
27
100%
+, Achillea millefolium +, Cirsium brachycephalum+, Campanula
patula +, Veronica chamaedrys +, Plantago lanceolata +,
Equisetum pratense r, Salvia pratensis r, Lamium purpureum r,
Geranium pratense r, Capsella bursa-pastoris r, Anthyllis vulneraria
r, Briza media r, Origanum vulgare r, Rhinanthus minor r,
E0, E2, E3 no species were recorded
E1: Tussilago farfara 3, Elytrigia repens 3, Trifolium pratense 3,
Poa pratensis 2, Equisetum arvense 2, Festuca pratensis 2,
Taraxacum officinale 2, Achillea millefolium 2, Dactylis glomerata
2, Alchemilla vulgaris 1, Plantago major 1, Convolvulus arvensis +,
26
100%
Capsella bursa-pastoris +, Lychnis flos-cuculi +, Bellis perennis +,
Cirsium brachycephalum +, Galuium aparine +, Urtica dioica +,
Trifolium hybridum +, Leucanthemum vulgare +, Ranunculus
arvensis r, Salvia pratensis r, Plantago lanceolata r, Primula veris r,
Veronica chamaedrys r, Geranium pratense r
E0, E2, E3 no species were recorded
E1: Taraxacum officinale 4, Poa pratensis 3, Trifolium pratense 2,
Elytrigia repens 2, Achillea millefolium 2, Festuca pratensis 2,
25
100%
Dactylis glomerata 2, Alchemilla vulgaris 1, Capsella bursa-pastoris
1, Lychnis flos-cuculi 1, Leucanthemum vulgare 1, Trifolium
hybridum1, Plantago lanceolata 1, Geranium pratense +, Galuium
aparine +, Urtica dioica +, Convolvulus arvensis +, Veronica
chamaedrys +, Urtica dioica r, Salvia pratensis r, Ranunculus
arvensis r, Plantago major r, Equisetum arvense 2,Cirsium
brachycephalum r, Bellis perennis r,

Locality
name

KR I

KR II

KR III

KR IV

(5 - cover of 75 to 100%, 4 - cover of 50 to 75%, 3 - cover of 25 to 50%, 2 - cover of 5 to 25%, 1 - under cover
of 5%, + - cover of negligible, r - occasionally)

The soil conditions in the studied area Liptovská Tepli ka and Krompachy are relatively
homogeneous. The largest area is being represented by Cambisols mostly moderate and strongly
skeletal, mainly in the subsoil. The second most common type of soil is Rendzic, moderate, shallow
and skeletal. In addition, Histosols occur in territory Liptovská Tepli ka (Fig. 5, Fig. 6). From the
point of view of relief, the majority of the land is situated on the slopes.
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Fig. 5. Map of soil types from digital database of soil-ecological units cadastral Liptovská Tepli ka
(VÚPOP Bratislava).
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Fig. 6. Map of soil types from digital database of soil-ecological units cadastral Krompachy and
Slovinky (VÚPOP Bratislava).
Soil granularity is an important indicator of soil fertility and soil vulnerability affects the process of
water transport and transfer of substances in the environment (Hronec et al., 2010, Igaz et al., 2008).
The soils of the Liptovská Tepli ka are loamy-sandy, loamy and clay-loamy according to the content
of clay particles based on Novák’s classification (Fulajtár, 2006). There are loamy in the locality of
Krompachy. Bulk density as an integral value of the soil grain, humus content and anthropogenic
impacts on soil should not exceed the limits given for individual types of soil. The research showed
that bulk density was in the interval of 0,75 - 1,02 t.m-3 (Table 3) in the ecological farming system. We
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detected critical value of bulk density - 1,54 t.m-3(Table 3) in the territory influenced by mining
activity. General porosity is closely related to bulk density. From the total pore volume, this should not
fall below 38% for sandy soil and below 48% for the clay-loam soil (Líška et al., 2008). In terms of
this parameter for plant growth were established optimal conditions, which are in total porosity of 5565% with the exception of site K II (Table 3).
Table 3. Basic physical soil properties on the localities of the studied area Liptovská Tepli ka and
Krompachy (depth of sampling 0.05-0.15 m).
Localities

bulk density

d [t

m-3]

porosity Po [%]

LT I

0.75

71.79

LT II

0.95

64.01

LT III

1.00

62.43

LT IV

1.02

61.47

LT V

0.88

66.98

KI

1.37

48.46

K II

1.54*

41.91*

K III

1.13

57.48

K IV

1.10

58.29

LT - Liptovská Tepli ka, K – Krompachy, *critical value

Soil reaction significantly affects the growth and development of plants. Its development to
acidification or alkalization can induce environmental changes; cause a decrease in soil fertility and
devastation of the natural environment (Hronec et al., 2010). On the territory of ecological
management systems, the values of soil reaction were ranged from weakly acidic over neutral (5.56.6). We also confirmed by research that the area affected by mining activity has a significant
acidification of soils. The values of soil reaction ranged from strongly acidic to weak acidic (4.9-5.8)
(Table 4). Humus is one of the factors with a broad effect on the physical, chemical, biological and
hygienic condition of the soil (Horák et al., 2009). The values of % Cox ranged from 3.10 to 5.29,
which on conversion to humus (conversion coefficient 1.724) are very good humic soils (Vil ek et al.,
2005) on the territory of ecological management systems. The supply of humus content was from good
to very good (2.05 to 5.49) in the loaded area (Table 4). The content of available nutrients in the soil is
mainly the result of the intensity of fertilization and soil properties. Consumption of fertilizers in
Slovakia in last few years does not exceed 60% of the level of European Union (Ková ik, 2007). On
the basis of pedological research we can conclude that the content of available nutrients P and K is low
in ecological management system. The supply of P and K is more favourable the loaded area. The
opposite trend was observed in the stock of available Mg (Table 4).
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Table 4 Chemical soil properties on the localities of the studied area Liptovská Tepli ka and
Krompachy (depth of sampling 0.05-0.15 m).
Localities

pH/CaCl2

Cox [%]

Nanorg

Mgavail

Kavail

Pavail

[mg kg ]

[mg kg ]

[mg kg ]

[mg kg-1]

-1

-1

-1

LT I

6.6

5.29

14.7

20.0

70.0

612.0

LT II

5.5

5.11

17.4

20.0

50.0

345.0

LT III

6.0

4.26

21.1

20.0

58.0

400.0

LT IV

6.0

3.13

25.0

20.0

55.0

199.0

LT V

6.5

3.10

37.8

20.0

93.0

307.0

KI

5.8

3.68

-

69.0

50.0

235.0

K II

5.2

2.71

-

40.0

50.0

266.0

K III

4.9

5.49

-

179.0

216.0

101.0

K IV

5.0

2.05

-

99.0

374.0

102.0

LT - Liptovská Tepli ka, K – Krompachy

Heavy metals as a large group of polluters are a serious problem in all components of the environment,
including soil. Toxicity of heavy metals varies; it decreases in the following line Hg>Cd>Ni>Pb>Cr
and their influence is enhanced by their non-degradability. Soil is only presented as a passive acceptor
of heavy metals; it becomes the source of polluting other components of the environment and the food
chain. Changes in soil properties are responsible for the mobilisation of metals, especially pH, humus
content and quality and the proportion of clay fraction (Baran íková, 1998). With regard to the above
findings, we monitored contain of risk elements lead, cadmium, zinc and copper in the soil in different
used and polluted area. The evaluation found that the content of risk elements in soil ecological
management system did not reach the maximum allowable values for Slovak Republik (act. No.
220/2004 Coll.) and measured values corresponded whit natural contents for the observed elements in
the soil and parent rock (Makovníková et al., 2006, Samešová et al., 2003). The loaded area was
detected above the limit of copper content (Table 5).
Table 5. Heavy metals content [mg kg-1] on the soil on the localities of the studied area Liptovská
Tepli ka (2M HNO3) and Krompachy (1M NH4NO3), (depth of sampling 0.05-0.15 m).
Localities
LT I
LT II
LT III
LT IV
LT V
Limit values
KI
K II
K III
K IV
Limit values

Pb
14.48
15.58
13.71
11.42
13.40
30
0,5
0,5
2,5
0,5
0.1

Cd
0.23
0.37
0.30
0.20
0.40
0.3
0,14
0,39
1,12
0,05
0.1

Zn
32.61
88.11
42.73
31.94
29.68
40
10,6
38,5
200
2,05
2.0

LT – Liptovská Tepli ka, K – Krompachy

253

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

Cu
3.89
6.61
3.41
3.70
3.99
20
2,05
2,80
22,1
0,12
1.0

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
Table 6. Physical and chemical parameters and heavy metals content on the soil on the localities of the
studied area Liptovská Tepli ka expressed by descriptive statistics.
Parameter

minimum

maximum

average

median

standard
deviation

bulk density rd [t m-3]

0,75

1,02

0,92

0,95

0,1

porosity Po [%]

61,47

71,79

65,34

64,01

3,73

5,5

6,5

6,02

6

0,32

Cox [%]

3,1

5,29

4,18

4,26

0,94

Nanorg [mg kg-1]

14,7

37,8

23,2

21,1

8,08

Pavail [mg kg-1]

20

20

20

20

0

Kavail [mg kg-1]

50

93

65,2

58

15,58

Mgavail [mg kg-1]

199

612

372,6

345

136,58

11,42

15,58

13,72

13,71

1,37

Cd 2M HNO3 [mg kg ]

0,2

0,4

0,3

0,3

0,08

Zn 2M HNO3 [mg kg-1]

29,68

88,11

45,01

32,61

22,1

3,41

6,61

4,32

3,89

1,16

pH/CaCl

2

Pb 2M HNO3 [mg kg-1]
-1

-1

Cu 2M HNO3 [mg kg ]

Table 7. Physical and chemical parameters and heavy metals content on the soil on the localities of the
studied area Krompachy expressed by descriptive statistics.
Parameter

minimum

maximum

average

median

standard
deviation

bulk density rd [t m-3]

1,1

1,54

1,29

1,25

0,18

porosity Po [%]

41,91

58,29

51,5

52,92

6,77

pH/CaCl

4,9

5,8

5,22

5,1

0,35

2,05

5,49

3,5

3,2

1,29

Pavail [mg kg ]

40

179

96,75

84

51,87

Kavail [mg kg-1]

50

374

172,5

133

134,64

Mgavail [mg kg-1]

101

266

176

168,5

75,3

Cox [%]
-1

Pb 1 M NH4NO3 [mg kg-1]

0,5

2,5

1

0,5

0,87

-1

0,05

0,12

0,425

0,27

0,42

-1

Zn 1 M NH4NO3 [mg kg ]

2,05

200

62,8

24,55

80,36

Cu 1 M NH4NO3 [mg kg-1]

0,12

22,1

6,77

2,425

8,91

Cd 1 M NH4NO3 [mg kg ]
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5. CONCLUSIONS
Plant composition as well as other parts of the biological components reflects the current status of soil
conditions. Sensitivity of different plant species to toxic substances shows the occurrence of the
changes in the chemistry of the soil environment. Values of diversity Shannon index on agrocenoses in
ecological management system are according to the empirical scale medium. On the environmental
loaded area, the diversity of localities is in the scale low to moderate, according to the empirical scale
of Shannon index. The soil conditions are relatively homogeneous in the studied area Liptovská
Tepli ka and Krompachy. The largest area is being represented by Cambisols, the second most
common type of soil is Rendzic. We detected critical value of bulk density in the territory influenced
by mining activity. We also confirmed by research that the area affected by mining activity has a
significant acidification of soils. The supply of humus content was from good to very good in the
loaded area. On the basis of pedological research we can conclude that the content of available
nutrients P and K is low in ecological system. The supply of P and K is more favourable in the loaded
area. The opposite trend was observed in the stock of available Mg. Heavy metals as a large group of
polluters are a serious problem in all components of the environment, including soil. With regard to
the above findings, we monitored contain of risk elements lead, cadmium, zinc and copper in the soil
in different used and polluted area. Measured values corresponded with natural contents for the
observed elements in the soil and parent rock. The loaded area was detected above the limit of copper
content.
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INFLUENCE OF THE DIFFERENT MEDIA COMPOUNDS ON 2,3-BUTANEDIOL
PRODUCTION IN GLUCOSE FERMENTATION
Flora V. Tsvetanova*, Kaloyan K. Petrov, Venko N. Beschkov
Institute of Chemical Engineering, Bulgarian Academy of Sciences, Acad. G. Bonchev str., bl. 103
Sofia, Bulgaria, *E-mail: florablue @abv.bg

Abstract
The Bulgarian isolate Klebsiella pneumoniae G31, an extra-producer of 2,3-butanediol (2,3-BD) from
glycerol, was tested in glucose fermentation. In purpose to achieve maximum yield of the valuable
chemical, the media content was optimized. The influence of the different compounds was tested in
batch processes at appropriate conditions for 2,3-BD production – uncontrolled pH of the media,
temperature 37 C and strong aeration rate. By the use of the optimized medium composition, 33.3 g/l
2,3-BD yield and 0.69 g/lh productivity were achieved. The conversion rate was close to the
theoretical – 0.851 mol 2,3-BD per mol consumed glucose.
Key words: 2,3-butanediol, glucose fermentation, media content
1. INTRODUCTION
2,3-butanediol is a valuable chemical, widely used in chemical, food and pharmaceutical industries
(Xiu and Zeng 2008). It can be used as fuel additive, solvent or component in anti-freeze solutions.
Also, it has application in the manufacture of printing ink, perfumes, moistening and softening agents
and explosives (Garg and Jain 1995). Likewise, 2,3-BD can easily be converted to other worthy
chemicals as 1,3-butadiene, diacetyl, and methyl ethyl ketone (Syu 2001).
2,3-BD is produced via carbohydrate fermentation by species of Klebsiella pneumoniae (Lee and
Madox 1986), Klebsiella oxytoca (Afschar et al. 1993), Enterobacter aerogenes (Zeng et al. 1990) and
Enterobacter cloacae (Saha and Bothast 1999). Among them, only the strains of K. pneumoniae and
K. oxytoca are capable to produce 2,3-BD in amounts, sufficient for industrial production. The product
can be obtained from different carbon source, but always in mix with many byproducts pursuing the
fermentation to lactic, acetic and succinic acids, carbon dioxide and ethanol. Thus, the synthesis of
2,3-BD as a main product requires specific conditions. The most important of them are considered to
be: the low pH value of the media, the high level of aeration rate and the specific media content.
2. MATERIALS AND METHODS
2.1. Bacterial strain
All presented experiments were carried out with the strain Klebsiella pneumoniae G31, extraproducer
of 2,3-BD from glycerol (Petrov and Petrova 2009, 2010), isolated from an active slime (Petrova et al.
2009) and deposited in the Bulgarian National Collection for Microorganisms and Cell Cultures under
registration 8650.
2.2. Media and cultivation conditions
The strain was maintained at -20 C with of 20% (w/w) glycerol added. All presented experiments,
including both inoculum and working cultures were performed in 500 ml flasks on rotary shaker with
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100 ml media at 37 C and agitation rate 200 rpm. The media used in the study are derivatives of the
best known published in the literature medium no. 3 (M3) (Ji et al. 2008), medium no. 4 (Zhao et al.
2009), and medium no.7 (derivative of Ma et al. (2008)), or different combinations - media no. 5, 6,
7a, 7b, 7c, 7d. The content of the media used is shown at Table 1. As a carbon source was used
glucose at concentrations 55 and 100 g/l. All experiments were conducted at uncontrolled pH of the
broth with an initial value of pH 7.0.
Table 1. Components of the different media used
Component

Media
M3

M4

M5

M6

M7

M7

M7b

M7c

M7d

K2HPO4 (g/l)

13.7

-

13.7

-

-

-

-

-

-

KH2PO4 (g/l)

2.0

-

2.0

-

-

-

-

-

-

(NH4)2HPO4 (g/l)

3.3

-

3.3

3.3

4.91

4.91

4.91

4.91

4.91

(NH4)2SO4 (g/l)

6.6

5.35

6.6

5.35

-

-

-

-

-

MgSO4.7H2O (g/l)

0.25

-

0.25

-

0.2

0.2

0.2

0.2

0.2

FeSO4.7H2O (g/l)

0.05

-

0.05

-

0.02

0.02

0.02

-

-

ZnSO4.7H2O (g/l)

0.001

-

0.001

-

-

-

-

0.001

0.001

MnSO4.7H2O (g/l)

0.001

-

0.001

-

0.01

0.01

0.01

-

-

CaCl2.H2O (g/l)

0.01

-

0.01

-

-

-

-

0.01

-

EDTA (g/l)

0.05

-

0.05

-

-

-

-

-

-

KCl (g/l)

-

0.75

-

0.75

0.4

0.4

0.4

0.4

0.4

NaH2PO4.2H2O(g/l)

-

13.8

-

13.8

-

-

-

-

-

Na2SO4 (g/l)

-

0.28

-

0.28

-

-

-

-

-

Citric acid (g/l)

-

0.42

-

0.42

-

-

-

-

-

Yeast extract (g/l)

-

2.0

2.0

2.0

5.0

2.0

2.0

5.0

5.0

Bactopeptone (g/l)

-

-

-

-

-

-

2.0

-

-

Salt solution* (µl/l)

-

300

-

300

-

-

-

-

-

Sodium acetate (g/l)

-

-

-

-

3.0

3.0

3.0

3.0

3.0

* Salt solution content (g/l): ZnCl2 - 34.2, FeCl3.6H2O - 2.7, MnCl2.4H2O - 10, CaCl2.2H2O - 0.85,
H3BO3 - 0.31
2.3. Analytical methods
The concentrations of glucose, 2,3-BD, ethanol, lactic and acetic acids were determined using a highperformance liquid chromatography (Perkin-Elmer series 10 HPLC), equipped with RI detector and
Bio-Rad column for organic acids analysis (Aminex Ion Exclusion HPX-87H) at a temperature 65 C.
As a mobile phase was used 0.05M sulphuric acid at an elution rate of 0.6 ml/min.
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Cell growth was estimated by a measurement of the optical density of the broth at 600 nm (OD600)
with a UV-1600PC spectrophotometer (VWR).
3. RESULTS
Our study observes the capability of K. pneumoniae G31 to convert glucose in media with different
composition. The strain was tested for 2,3-BD production in batch processes with 55 g/l initial
concentration of glucose performed in all presented in Table 1 media (except M7d). The results
revealed that the most appropriate is the medium M7 and its derivatives - M7a, M7b, and M7c. Using
these media, glucose was totally consumed in 24 hours and the highest 2,3-BD production was
achieved (20.89, 19.70, 19.30 and 20.72 g/l, respectively) (Table 2). The difference between media 7a,
7b and 7c is in yeast extract (YE) and peptone concentration. Medium M7c is the same as M7, but
with an addition of ZnSO4 (0.001 g/l) and CaCl2 (0.01 g/l). The presented in Table 2 results show that
the higher is the concentration of YE in the media the greater is the 2,3-BD production and the glucose
consumption, respectively. On the opposite, the presence of peptone had not significant impact on 2,3BD yield. The addition of ZnSO4 and CaCl2 did not affect the final 2,3-BD production (20.72 vs.
20.89 g/l), but improved the conversion rate of 2,3-BD from glucose (Table 2).
Table 2. Concentrations of glucose and soluble products after 24 h of fermentation at the following
conditions: Initial concentration of glucose - 55 g/l; uncontrolled pH; agitation – 200 rpm. 2,3-BD –
2,3-butanediol, LA – lactic acid, AA – acetic acid.
Glucose and product concentration (g/l) at different media used
M3

M4

M5

M6

M7

M7a

M7b

M7c

Glucose

27.17

41.42

14.27

24.83

3.57

7.60

5.60

4.51

2,3-BD

11.02

6.50

15.41

12.87

20.89

19.70

19.30

20.72

LA

0.72

0.43

2.20

0.16

-

-

0.40

0.60

AA

0.92

1.19

0.56

0.30

0.25

0.90

0.65

0.49

Ethanol

1.58

0.60

2.57

0.98

3.44

2.60

2.70

3.82

Next, the media M7 and M7c were tested in batch processes with the highest initial glucose
concentration – 100 g/l. To investigate the influence of ZnSO4 and CaCl2 separately, new media M7d,
containing only addition of ZnSO4 (0.001 g/l) was composed. The results indicated that the best media
for 2,3-BD production is M7d, containing only addition of ZnSO4 (Fig 1). In this case the highest yield
of 2,3-BD – 33.34 g/l (Table 3), the highest productivity – 0.69 g/lh and the highest conversion rate
from glucose – 0.851 mol/mol were achieved. There are not significant differences in production of
the other soluble products – ethanol, lactic and acetic acids. The glucose consumption is the highest in
medium M7 – 1.71 g/lh, but the conversion of the glucose to 2,3-BD is the lowest (0.766 mol/mol).
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Figure 1. Time course of glucose consumption and products accumulation in batch fermentation by K.
pneumoniae G31, using media M7d.
Table 3. Glucose consumption, product accumulation and biomass formation after 48 h of
fermentation using media M7, M7c and M7d. Conditions: initial concentration of glucose - 100 g/l;
uncontrolled pH; agitation – 200 rpm.
Media

Consumed
glucose

LA

AA

Ethanol

Biomass

(g/l)

2,3-BD
conversion
rate
(mol/mol)

(g/l)

(g/l)

(g/l)

(OD600)

2,3-BD

(g/l)
M7

82.19

31.56

0.766

-

2.99

4.96

2.600

M7c

72.90

29.15

0.798

-

3.32

5.51

2.359

M7d

78.39

33.34

0.851

0.85

3.55

4.03

2.461

4. DISCUSSION
2,3-BD is produced via mixed-acid fermentation independently of whichever substrate is used. Hence,
to shift the metabolic pathways towards 2,3-BD production, specific conditions are required. Together
with pH and aeration, the medium content is the third crucial factor influencing 2,3-BD production.
There is no general defined media for 2,3-BD production because the distinct producers have different
nutritional requirements. In the present study the medium content for 2,3-BD production by K.
pneumoniae G31 was optimized. This strain is an extra-producer of 2,3-BD from glycerol, but as far
as glucose is the preferable substrate for the economical production of 2,3-BD, it was tested in glucose
fermentation.
Summarizing the experimental data, the most important factor influencing the accumulation of 2,3-BD
is the presence of yeast extract. It sensibly enhanced the glucose consumption and respectively the
final 2,3-BD concentration. From the other hand, this component is expensive and raises the final cost
of the product. The attempt to exchange it with peptone reduces the obtained quantities of 2,3-BD and
suggests that peptone is not a necessary ingredient.
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It is already known that metal ions as Fe2+, Mn2+ and Mg2+ significantly affect 2,3-BD production as
cofactors in the enzymatically depended reaction towards 2,3-BD (Garg and Jain 1995, Syu 2001, Qin
et al. 2006). Our results indicate that the addition of Zn2+ as ZnSO4 increases the final yield of 2,3-BD
by 6% (from 31.56 to 33.34 g/l) and especially the productivity – by 11% (from 0.766 mol/mol to
0.851 mol/mol) that is close to the theoretical maximal conversion value.
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Abstract
In this paper we investigate the role of international development banks on improving environmental
conditions. Since, environmental degradation is one of the main concerns of the modern world; it
becomes clear that environmental organizations are not enough to improve environmental conditions.
As a result of that, other multinational institutions, from different operating fields, has included
environmental principles in their work. The most important institutions that got environmental
mandate were international development banks. These institutions and their involvement in settling
environmental issues are the main subject of this analyze. We will investigate the financial support
approved by these institutions. We focus our analyze on World Bank Institutions, European Bank for
Reconstruction and Development and European Investment Bank. According to the findings in this
paper, even though involvement of these institutions in resolving environmental degradation is
increasing, it is still far below the real needs.
Key words: Environment, International Development Banks, Financial support, degradation
1. INTRODUCTION
The two most important issues that are standing in front of the modern world are degradation of
environment and alleviating poverty. The real question is whether is possible to reach “greener and
faster growth”, in the same time. The governments and international community are now aware that
“dirty growth can not be clean up letter”. So, it has to be found some solution for reducing poverty,
which will not hurt the environment.
Environmental problems exist all over the world. Although some regions are more hit by
environmental issues, than others, still no region is immune to consequences of climate change,
deforestation, air pollution, ozone depletion, biodiversity loss, overexploitation of natural resources,
etc. For example, East Asia and Pacific is growing faster than any other region, and while rapid
economic growth improved human welfare, it also led to socio-economic changes and environmental
implications. On the other side, the collapse of communism in South East European countries revealed
the most polluted countries in Europe. In fact the experts considered that environmental clean-up
needs were acute.
Anyway, the situation was getting worse, and it was obvious that the global community did not find
the right way to confront the environmental challenges. By the time it became clear that environment
organizations could not improve environmental condition by themselves, but will be necessary to take
broad actions from institution with different fields, in order to get satisfying results.
The environment became one of the most exploiting terms in international, political, economic
debates, through the world. Everyone agrees that sustainable development is the only option. Many
international institutions, among which were international development banks, have incorporated
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environmental standards in their work. They are still struggling to find ways to connect their
traditional mandates with the new role - institutions that are fighting for the environmental protection.
Every year, financial, technical, advisory support from international development banks for
environmental issues is growing. The banks argue that before approving of any project, environmental
considerations are taken into account. The banks have established special environmental funds, also.
So, it is clear that they really care about the environment, but the fact is that some questions are still
not fully answered. The critiques over the work of development banks are very loud, and they can not
be neglected.
That is exactly the objective of this paper, to give answers on some questions, like: What is the role of
international development banks in supporting sustainable development? Do international
development banks really respect environmental philosophy in their work? Is their financial support
adequate to the global needs? Are the critiques over the work of some development banks valid, or
not.
In the analyze of this paper we will include institutions from The World Bank Group – International
Bank for Reconstruction and Development (IBRD), International Development Association (IDA) and
International Finance Corporation (IFC), than European Bank for Reconstruction and Development
(EBRD)and European Investment Bank (EIB).
2. COMBATING POVERTY AND ENVIRONMENTAL DEGRADATION
The primary aim of international development banks is reducing poverty. “World without poverty”
was an idea that led many development institutions during the years. And of course, that is not without
reasons. The development banks are facing defeating facts. Namely, 2.6 billion people still leave
without access to sanitation, 1.3 billion people live without access to electricity, 1.6 billions are
hungry and 900 million people are drinking unsafe water. These facts are really shocking, taking into
account the level of economic, technical and informational development in the rest of the world.
It is true that the number of people in the world who live in extreme poverty has been reduced in the
recent years, but in the same time other questions have been opened. The critiques argued that
international banks were forcing development in inadequate way, damaging in the same time
environment. Human activities brought serious and complex global environmental problems, such as
increase in the greenhouse gasses in the atmosphere, the depletion of ozone in the stratosphere, acid
rain, soil erosion, deforestation, loss of biodiversity etc. By the time, the situation with environment
got worse, and many institutions, governments, organizations, started to underline the problems of
environment degradation. New concept for development was introduced, known as “sustainable
development” – “development that meets the needs of the present without compromising the ability of
future generations to meet their own needs”.2 Sustainable development requires social, economic and
environmental objectives to be balanced and integrated through mutually supportive policies and
practices.
Ever since the concept of sustainable development was introduced and was accepted worldwide, the
gap between demand and supply of financial resources was growing even wider. Financial resources
are needed for combating poverty and protecting fragile ecosystems, for providing clean water and
sanitation, for resolving problems raised because of urbanization and air pollution. The efforts to

2

Hoda K. Sabry. (2002) “Financial Environmental Investments: : Financing Environmental
Investments”
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accomplish in the same time economic and environmental recovery create unprecedented challenges
for the development banks, and to the global community, also.
It is impossible to make choice between combating poverty and environment protection, because even
if you choose first to fight with poverty, than the consequences from environment degradation, firstly
and mostly will affect the poor people. So, it is clear that poverty should be reduced without
sacrificing the environment. To do so, we must give same attention to the economic, environmental
and social pillars of sustainable development. “Inclusive green growth that takes into account the
value of natural capital is the pathway to sustainable development for all.”3
Anyway, by the time it becomes clear that although world has won several environmental bottles on a
global scale, the war was almost lost. The alarm was signaling that something serious has to be done.
The great number of international development banks agree that growth must be “greener” without
being “slower”, and that dirty growth should not be an option, because it might be impossible or truly
unaffordable to “clean up later”, since some environmental damages are irreversible.
The involvement of the international development banks in promoting sustainable developing is
growing fast. Every year environmental funds are raising and environmental considerations are
integrated into banks’ country assistance, strategies and lending. Environmental indicators became one
of the main conditions during the projects approval. International development banks also offer
intellectual and policy support for environment reforms and its policy activities have been
complemented by a number of projects with primary environmental goal or significant environmental
components.
In accordance with the theme of this paper, in the next section we will focus our analyze on the role of
the main international development banks, on environmental protection and promoting sustainable
development.
3. THE ROLE OF THE WORLD BANK GROUP INSTITUTIONS IN PROMOTING
ENVIRONMENT PROTECTION
The primary objective that was set in 1946, when World Bank was established, was helping the
reconstruction of the destroyed countries, after the World War II. However, accomplishment of that
objective did not mean that the bank will stop working, after that. Contrary, reducing poverty became
the main objective of the World Bank. During its existence, the number of institutions that constitute
World Bank Group has increased. In the beginning was only IBRD, than was established IDA, and
then IFC. The World Bank Group also includes Multilateral Investment Guarantee Agency and
International Centre for Settlement of Investment Disputes, but because of the operating field, in
which these institutions are active, they are not subject of this research.
As we mentioned before “fight poverty” is the main vision of the World Bank institutions, today.
Actually, if we analyze the results in the past, and especially in the past two decades, we will conclude
that the number of poor people has been reduced considerably. However, sometimes progress made in
alleviating poverty, has generated damage on environment, in the same time. It did not occur rarely,
development to be based on overexploiting of a natural resources, polluting water and air, environment
degradation etc. It means that although the international development banks were reducing poverty,
they were damaging the environment, in the same time. Then it became clear, that the world does not
need, that kind of growth. That is why, international development banks have promoted the idea of

3

“Environmental Matter 2012”. (2012), World Bank, Washington D.C.
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“sustainable development”. It became clear that it was about the growth that will hurt mostly the poor
people in the future.
Not long before that, in early 1980s, Indonesian Minister for Environment asked the Bank’s President
for help on environmental problems. In that time he was told that the bank was development agency,
and did not do the environment. Things have changed very soon, and in 1987 the bank established
Environmental Department. In short time the bank has understood that “our actions now will
determine how livable the planet will be for our children and grandchildren”. 4 Since then the
environmental issues are among the main standards for banks policies. The Bank argues that:5
Growth derived from liquidating natural resources is a formula for future poverty and possibly
irreversible damage.
Growth that puts coastal and islands states at risk by accelerating climate change is an
irresponsible gamble.
Growth that compromises the health of distant populations of future generations is unethical.
Today the World Bank Group states that we should all promote “green growth”, that should be: 6
-

GREEN – because biodiversity continues to decline as a result of habitat destruction and
degradation. Over the past 40 years there have been significant declines in healthy
ecosystems, sea grads beds, coral reefs and their flora and fauna populations. As a result the
capacity of ecosystems to provide services such as water provision and flora control has
decline significantly.

-

CLEAN – refers to a low – pollution, low – emission world in which cleaner air, water and
oceans enable people to lead healthy, productive lives. This is very important because the
poorest countries suffer directly and measurably from an increasingly polluted and degraded
environment, with woman and children affected mostly.

-

RESILIENT – because climate change will increase the vulnerability of human and natural
systems. The economic costs of climate change and vulnerability will be large, making it even
more challenging to address issues of poverty and environmental degradation.

In the last two decades the World Bank Group was very active on environmental issues.
Environmental standards were incorporated in many fields. World Bank does not offer only financial
support for environmental improvement, but also gives technical support, consultation etc. The World
Bank has played an important role in providing intellectual and policy support for environment reform
in its country members. Bank also work close with the government, and suggest them to bring
environmental rules, in order to protect environment. As a result of that, today without any exception,
all World Bank member countries have some form of environment regulative in place. Anyway, there
are still serious problems with real implementation of that legislative, and sometimes there is not
serious political will for success of environmental policy.
The World Bank Group portfolio for environment has been growing rapidly. World Bank also
manages a lot of funds, which give financial support for environment. In the table bellow is presented
the World Bank Group low carbon energy investments.

4
5
6

“Environment Matter 2012” (2012).. World Bank. Washington D.C
Ibidem.
“Environmental Strategy 2012-2022” (2012). World Bank. Washington D.C
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Table 1. World Bank Group Low Carbon Energy Investment in $000.000, during the period 20032009

Source: www.worldbank.org

From Table 1 it is easy to conclude, that the amount of financial support that World Bank Group has
provided for low carbon energy investments, has been growing rapidly. Precisely, support has grown
from less than $150 million in 2003, to almost $2.5 billions in 2009. That is an increase of more than
20 times. The increase between 2009 and 2010 is even bigger. The total commitments for low- carbon
energy in 2010 showed an increase of 62% low, and carbon energy financing accounted for 42% of all
2010 energy commitments.
The World Bank Group also gave huge support for the biodiversity conservation. For this purpose it
manages more funds, than any other organization in the world. It has built up a portfolio, which worth
more than $6.3 billion in loans and grants. A part of this amount – $1.4 billion has been obtained by
Global Environment Facility, during the period 1991-2010. On average World Bank commits $309
million per year, for biodiversity.
In order to give better picture for the World Bank Group support for environment protection, we will
show more arguments:
-

In 1992 the World Bank Group total lending was $121.5 billion of which 8.5% was for
environment.

-

In 1996 the World Bank Group portfolio for environment was $12 billion for 153 projects in
62 countries.

-

In 2002 environment portfolio was about $14 billion, of which about 11% related to climate
change.

-

In 2012 the World Bank Group total lending was $156.6 billion, of which 11% for
environment, and of that 24% for climate change.

-

The Climate Investment Fund which was established in 2008 manages funds of about $7.2
billion.
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-

The World Bank has mobilized over $30 billion in additional funding for its projects.

-

Over the past 20 years, the World Bank Group has supported 624 biodiversity projects in more
than 122 countries, including 60 multi country projects that support biodiversity conservation
and sustainable use in a range of ecosystems.

-

Carbon Funds that are managed by the World Bank Group rose to $3 billion.

-

About $4.5 billion of GEF funding matched by $11.4 billion World Bank Group loans and
$9.3 billion co-financing. Together they realized 700 projects across 120 countries.

3.1. IBRD support for environment
IBRD support for environment is growing fast in the recent years. Not only that projects which are
directly canalized on environmental issues have raised, but what is more important is that
environmental considerations are included in all other sectors, from agriculture to infrastructure and
beyond. Everyone in IBRD agrees that we cannot sacrifice the future, in order to improve present.
Sustainable development has become the base of IBRD work.7
However, we should not connect IBRD only with financial support; IBRD is also very active in
providing:
-

Strategic policy support.

-

Investing in climate resilient and low carbon growth.

-

Carbon Finance and expanding client reach to carbon market.

-

Access to additional climate finance including for accelerated development and enabling
financial innovations for private sector investments.

-

Strengthened knowledge and capacity base.

As a World Bank institution, IBRD shares the general policy of the grouping. It works with the
countries which are not eligible for using IDA funds.
3.2. IDA support for environment
IDA was established as a second World Bank Group institution. It works closely with the poorest
countries, which are not eligible for using IBRD fund. Actually, countries that are eligible for using
IDA funds are those whose GDP per capita is bellow $1.175. So it means that IDA works closely with
the poorest countries and people in the planet, which are struggling mostly with the poverty and at the
same time are facing the great environmental challenges. In the last two decade IDA countries
experienced the highest rate of deforestation, losing on average almost 50.000 sq km of forest
annually. According to the experts opinion the main reason for that is the fact that in the past the
growth of this countries was mainly based on exploitation of natural resources. Of course that great
part of the guilty for that, has the international community, including international development banks,
which were forcing that kind of development which was in correspondence with the developed world
interests.
Over exploitation of natural resources is not the only environment correlated concern for IDA
countries. The level of urban air pollution is among the highest in these countries and in the same time
the access to freshwater resources in among the lowest in the world. The share of the traditional fuel in
total energy is unexpected high, reaching 66% in 2007 (in IBRD countries the share of traditional fuel
is only 7%).

7

http:www.worldbank.org
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If we take into account the poor economic conditions in IDA countries, it becomes clear that financial
support for environment plays the vital role for stopping environmental degradation. It is impossible to
expect that these countries will spend their extremely limited financial resources for environment,
when they do not have elementary conditions for living. So it is normal that in these countries the role
of international development banks and of IDA especially is crucial. IDA plays the key role in finding
balance between fighting poverty and environmental improvement. Through credits and analytical
work, IDA has contributed to the increasing integration of environmental issues in national
development strategies. Over the past decade IDA has lent about $5.2 billion for supporting
environment and natural resources management. In the figure bellow are shown IDA commitments for
Environment and Natural Management.
Figure 1. IDA commitments for Environment and Natural Resources Management by Sub-theme
2001-2010

Source: http://www.worldbank.org/ida/topic/environment.html
IDA credits have been directed in large part to water resources management 29% and pollution
management and environmental health 22%. A sizable portion of this portfolio was for environmental
policy and institutions (15%), land administration and management (13%).
Although it is impossible to name all contributions that IDA gave in the past for environmental
improvements in the “third world”, we will try to mention some important projects that IDA has
realized in the past:
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-

The India Karnataka Watershed Development Project – worth $100 million in which IDA
played a key role in helping government design a project for soil and water conservation.

-

Solid Waste Project in Bosnia and Herzegovina – total $66 million. The projects target groups
were people who are exposed to garbage in open dumps, which are the most serious public
health risk in urban areas.

-

The Nepal Power Development Project – worth $9,3 million in Micro Hydro Village
Electrification.

3.3. IFC and environmental protection
The main difference between IBRD and IDA from one hand and IFC from the other hand is the fact
that IBRD and IDA work with governments and IFC works with private sector. That is exactly why
IFC is so important - because it works closely with the private sector, which is often accused for
neglecting the importance of environment and with its actions contributes for air and water pollution,
deforestation, overexploitation and many other damages.
In order to follow World Banks vision for environment protection, in the past decades IFC has
introduced many environmental standards. Today these standards are recognized as benchmarks for
environmental risk management in the private sector. Its expertise helps private sector clients to
succeed in changing global environment, with strong eye on environmental issues.
One of the main benefits of IFCs action is growing awareness of environmental, social and corporate
responsibilities of the companies. IFC obligates its clients to take environmental considerations in their
work, and not only that, it determines its support with respecting environmental criterions.
In the last two years IFC has invested $1.7 billion for clean energy and climate friendly projects. This
represents 14% of total IFC commitments for these years. It is also useful to mention that IFC analyzes
environmental implication of every single project that approves.
3.4. Critics over the work of the World Bank Group Institutions
Although the role of the World Bank Institutions has been globally and highly recognized, there are
still many critics which argue that World Bank has not responded in an appropriate manner. The main
reason is the fact that there were many projects, which were against the World Bank’s environmental
standards. Some of them even provoked huge international debates over the real impact of the World
Bank activities on the environment.
Critics consider that projects financed by the World Bank have destroyed coastal ecosystems,
provoked enormous deforestation, exhausted soils and displaced thousands of people. In the mean
time the World Bank assures that it is doing the best in order to protect environment, but still in its
rapport noted that “ the impact of the World Bank programs in the developing world has been limited
and the environment of various programs have been mixed.” 8
According to many authors the most controversy projects that were approved by the World Bank are:
-

Polonoroeste highway in the Brazilian Amazon, which was supported by the bank in the
middle eighties. The highway affected an area which size is same as the size of Great Britain.
The projects caused an intense migration and land rush that resulted in the wide-spread
destruction of the rainforest.

8

Tamar L. Gutner (2002). “Banking on the Environment: MDBs and their Environmental
Performance in Central and Eastern Europe”, London
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-

455 foot high dam-building project in India. As dams were built on the river, territories that
have been populated since pre-historic times were lost to man-made reservoirs, causing
resentment and social turmoil.

-

Western Poverty Reduction Project in China - the opponents of Chinese control of Tibet say
that the project will resettle 37,000 ethnic Chinese in the territory of Tibet.

Generally speaking, the World Bank is mostly criticized international development bank. We must
admit that some of these critics are valid, but in the same time we should not forget that in the past
World Bank gave the biggest support for the environment.
4. THE INVOLVEMENT OF EBRD IN ENVIRONMENTAL PROTECTION
The primary aim for establishing EBRD was helping post communist countries in implementing
democracy and market economy. The main role of EBRD is offering loans and technical assistance for
transition economies. EBRD supports projects that are environmentally sound and that support
sustainable development.
Although EBRD is less involved in policy work than World Bank, in the past it gave huge financial
support for projects with primary environmental component or with significant environmental
objectives. The meaning of the EBRD is even bigger if we take into account the fact that it operates in
post communist countries ( although it has mandate to operate outside the Central and East Europe,
the biggest amount of the activities is concentrated on this region), which were the most polluted
countries in Europe, according to many experts. The past structure of society led to horrible
environment degradation in this region. So, the countries were facing acute situation, which asked for
emergency economic restructuring and environmental clean - up. In the beginning the transition
economies were concentrated on economic restructuring, and neglected the environmental standards,
but by the time environmental issues began to tackle the huge challenge, because the countries were
forced to bring and implement environmental standards in order to reach European’s standards, which
were conditions for their EU accession.
The amount and the number of the environmental projects have risen in the past two decades. During
the period 1990-1999 EBRD has realized approximately $1.1 billion for projects with primary
environment component or with significant environmental objectives. We must mention that this
amount does not include the technical assistance, agenda setting, exercises and other non-loan
activities. In order to get better picture for the financial support in the recent year we will mention
some facts for the environmental sub-sectors.
-

Municipal and environmental infrastructure - total number of approved projects – 25;
Total project volume – 17.3 billion EUR; . In 2010 the total amount of projects was 486
million EUR for 32 operations. Record value of projects by year in 2011, with a business
volume of 596 million EUR and 35 realized transactions – that was more than double
compared with the 2008 when the financial and economic crisis began.
Water and wastewater sector – 17 projects in 2011 and mobilized considerable financial
resources on grand basis co-financing.
Urban transport – the operation were focused on green investments that maximize
energy efficiency or low carbon transport. In 2011 were realized 357 million EUR across
13 transactions.
District heating and energy efficiency – 5 projects were signed and 48 million EUR
were committed.
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Climate change – Since 2006 were realized total of 538 projects in 30 countries; Total
amount of projects – 55 billion EUR, that represent 21% of total EBRD financing; Expected
reduction of CO2 emission after implementation of the projects - 49.6 million tones.
Sustainable energy – From 2006 to 2011 EBRD has invested 8.8 billion EUR in 464
projects in 29 countries. In 2011 SE investment accounted nearly 30% of EBRD activities.
Annually expected reduction of carbon emission 45 million tones. Regional distribution of
sustainable energy project is shown below in the figure 3.
Figure 3. EBRD investments in sustainable energy

Source: SEI Overview: Financing Sustainable Energy, EBRD Action and Results (2012).EBRD

5. EIB AND ENVIRONMENTAL PROTECTION
EIB has paid big attention on promoting sustainable development and in correlation with that on
environmental sustainability. EIBs main objectives are:
-

Ensuring that all the projects that are financed by EIB are compliant with EU environment
principles and standards.

-

Promote specific projects which protect and improve the natural and built environments and
foster social well being in support of EU policy.

-

Manage its environmental footprint, not just in terms of “housekeeping” but also with regards
to the project that it financed.

The support for the projects with environmental component has increased in the years reaching total
value of loan agreement of EUR 28.4 billion in 2011. However, the bulk of the loans went to
European Union countries – EUR 25.6 billion. The rest was in the Enlargement Countries EUR 1.3
billion, in the Mediterranean partner countries, EUR 262 million, EUR 267 million went to
environmental projects in the ACP countries (including South Africa), EUR 912 million to projects in
Asia and Central and Latin America and EUR 46 million to the Neighbourhood Partner Countries to
the East.
At the end of this part we must admit that although EIB plays vital role in providing finance for the
environmental sustainability, its activities are mainly concentrated to the member countries of the
European Union. That policy does not correspondence with the desperate environmental situation in
which are transition economies that are not EU members.
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According to some authors9 EIB possess the weakest environmental policies in CEE countries in
correlation with World Bank Group and EBRD, resulting with minimal environmental responses.
6. CONCLUSION
Too long the world was focused on economic progress, reducing poverty and improving people lives,
neglecting in the same time fact that such progress could harm future generations living conditions.
However, the environment situation got worst by time, and the international community realized that
this kind of growth should not be an option. Since then the paradigm of sustainable development
became the main driving force of the global development. All international organizations agreed that
they should not allow growth that provokes environmental degradation, presented by deforestation, air
and water pollution, ozone depletion, biodiversity loss, overexploitation of natural resources, climate
change and many other harmful phenomenons that damage the environment.
By the time it became clear that without the support of the international development banks, big
progress in environmental situation cannot be made. As a result of that multinational development
institutions include environment standards in their work. All of them agree that we cannot reach
“world free of poverty”, while damaging environment at the same time, since environmental
degradation causes huge damages to the same poor people mostly.
In this paper we analyzed the role of three multinational development banks – institutions from the
World Bank Group ( IBRD, IDA and IFC), EBRD and EIB. According to the findings the World Bank
Group is the most active not only in giving financial support, but also in stimulation the creation of the
quality institutions that are responsible for preventing actions that generate environmental
degradations. Today, almost all World Bank’s member countries have some kind of environment
legislative. And not only that, they put environmental standards as one of the main criterions during
the projects approval. The financial support of the World Bank Group for environment rises
continually in the recent years, reaching records in the last years.
Through IBRD, World Bank assists governments of its client countries in implementing
environmentally sound standards, and do not approve projects which are not compliant with
environmental requirements. The amount and the number of the loans with primary environmental
component or with significant environmental objectives rise from year to year. However, the role of
IBRD is not limited only on financial support. Technical assistance and expertise that are offered by
IBRD are not less important either. As a result of those activities many environmental requirements
have become a part of the legislative of the IBRD member countries.
The role of IDA in affirming environmental standards is very important, also. The importance arises
from the characteristics of the economic condition in the IDAs member countries. Namely as IDA
works with the poorest member countries of the World Bank, which are mostly affected by the
environment degradation in the same time, it becomes clear why is the role of IDA, so crucial. It is
impossible to expect that the poor countries will spend their extremely limited resources on
environmental issues, when they struggle with obtaining elementary living conditions. In the past year
IDA has confirmed its role as the most important source of financial support for environmental
promotion in the countries which are hardly affected by neglecting environmental standards,
especially overexploitation of natural resources. In the same time we should consider the fact that
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IDAs financial support is given under concessional loan condition, or in a form of grants. Although the
primary objective of this paper was financial support for environment, we should also mention that
IDA plays important role in assisting governments in the client countries in adoption qualitative
environment legislative and stimulating countries for effective implementing of the legislative.
The role of IFC is different from IBRDs and IDAs, because it works with private sector. This fact
gives IFC additional value, because rarely the companies in order to maximize their profit take actions
which have seriously negative influences on environment. In the past two decades IFC has introduced
environmental standards, which are now recognized as environmental benchmarks. It is very important
that IFC increases the number of projects with dominant environment component. However, this is not
the only benefit; even more important is the fact that IFC determines project approval with respecting
of the highly valued environmental standards.
Although there are many critics over the work of the World Bank Group and its environmental
behavior, everybody must accept the fact that there is not any other international development bank,
that has supported environment in the past, more that the World Bank Group. Its experts, knowledge,
experience are invaluable and incomparable with other development banks.
In the paper we also analyze the role of EBRD, as a regional development bank. Although at the
beginning EBRD was responsible for assisting transitional economies in their path toward market
economy and democracy, by the time EBRD has included environmental standards in its work. Today,
EBRD although is not much involved in environmental policy creating, it offers much financial
support for environment and has included environmental analyze in the process of projects approval.
The financial support of the EBRD in the region of Central and South East Europe is comparable with
the role of the World Bank Group in the same region.
Comparing to other international development banks EIB is less involved in environmental issues,
especially in developing and transition economies, which are mostly affected by the environment
degradation. The analyze in this paper has shown that the majority of the projects with environmental
component that were approved by EIB were implemented in the European Union countries. What
worries is the fact that the countries which were in terrific environmental condition – post communist
countries received only small amount of total environmental support.
According to the findings in this paper the role of the international development banks in supporting
environmental issues is huge and crucial. Taken into account extremely limited financial resources
which are available in the developing and transition economies, and which are not enough for basic
needs of these countries, it is impossible to expect that they will invest in “clean and sustainable”
future without support of such development institutions. The role of the international development
bank is even bigger for the global and regional environmental externalities, which do not raises
individual concerns of the single country, but which are highly important for the future of the whole
planet. Without stimulus from the international development banks such projects would not be taken
otherwise, since benefits from their implementation are non-excludable and non-rivalrous.
In the same time we appeal that although the financial support for environment has raised in the recent
years, it is still far from the current real needs. We call all involved parties to act more intensively,
cause if this trend continues, for a couple of years it will be too late. Everyone, including international
development banks must be aware that environmental degradation is two steps in front of the effects of
the current support. So, in the future they will have to drastically increase its financial support for
environment in order to stop current defeating trend.
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CLEAN ENERGY BIOTECHNICAL COMPLEX FOR RECICLING CARBON
DIOXIDE FROM FLUE GAS STATIONS
Gennady S. Stolyarenko
Cherkassy State Technological University, Cherkassy, Ukraine

Abstract
A main problem, impedimental to the use of smoke gases as raw material for the production of pure
carbon dioxide, is formation at incineration of fuel of such toxic connections as oxide of carbon(II),
nitrogen oxides, and benzo (a) pyrene, formaldehyde, vapors of hydrochloric and hydrofluoric acids,
toxic metals. Suppressions of formation CO, NOx and other harmful admixtures in smoke gases it is
possible to attain on the stage of burning with the use of new technology: electronic catalysis of flame
in the discharge zone. Method of heterophasic ozonation minimizes content CO and NOx and other
toxic admixtures in smoke gases. Photosynthesis – by converting pure CO2 into hydrocarbons with the
use of solar energy – enables to receive on a commercial scale genetically modified cyano-bacteria
(blue-green algae). Oils got from them, a gaseous and diesel fuel during incineration results in the
decline of maintenance of toxic connections in smoke gases. Thus achieves the creation of clean
energy bio-complex.
Key words: Combustion. Eletrocataliz. Ozone gas treatment. Photosynthesis. Blue-green algae.
Biodiesel.
Gaseous and diesel fuel must be obtained on an industrial scale by converting solar energy with
genetically modified cyano-bacteria (blue-green algae), which consume CO2, and this process leads to
the rapid transformation of carbon dioxide to hydrocarbons. A double effect can be achieved using
contaminated wastewater from food industry - getting a mixture of gas and diesel fuel and the waste
water treatment.
One of the main disadvantages of carbon dioxide flue gases is the content of various toxic compounds
that inhibit the process of photosynthesis and pollute the environment when burning biodiesel. Solving
a problem of reducing the emissions of carbon dioxide in the atmosphere and creating optimal
conditions for its processing is only possible with an integrated approach of solving a number of
specific technological problems:
1.
The flue gases of power plants are dangerous pollutants. Throughout the industrialized world,
66% of electricity and 90% of the heat are produced by burning fossil fuels (coal, oil, gas). The main
sources of pollution are coal-fired power stations. Because of its dominant position thermal power lead
from the negative impact on the environment. The main threats from the burning of hydrocarbons
stack emissions, solid waste, local thermal pollution, global climate change.
Hazardous components of flue gases are solids (especially less than 10 microns), sulphur dioxide SO 2,
nitrogen oxides NOx; carbon dioxide CO2. Acidic compounds accumulate in the liquid phase in the
process of photosynthesis, which leads to a drastic reduction of growth of blue-green algae. In
addition, the flue gas contains aromatic hydrocarbons that may cause cancer, such as benzo- (a)
pyrene, formaldehyde, vapors of hydrochloric and hydrofluoric acids, toxic metals (arsenic, cadmium,
mercury, lead, thallium, chromium, sodium, nickel, vanadium, boron, copper, iron, manganese,
molybdenum, selenium, zinc, antimony, cobalt, beryllium), long-lived radionuclides (uranium,
thorium, polonium). In flue dust (aerosols) there is much aluminium and silicon oxides. These
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compounds must be extracted before the photosynthesis. Collected fly ash and slag form large
amounts of heavily recyclable wastes. Their danger is in the abundance of chemicals and radioactive
elements. This composition varies at different coal-burning stations and depends on the grade of coal.
2. Proposed methods for suppressing the formation of toxic compounds. Minimization of nitrogen
oxides and carbon monoxide (II) should be implemented at the combustion stage. A fundamental
scientific problem to explore and develop the equipment electrocatalysis method - a method to reduce
the activation energy of the combustion process in the presence of a catalyst that is present in the area
of silent electric discharge was abandoned and solved. In the process of electrocatalysis overcome the
activation energy is achieved due to the following acts: synthesis and suppression of oxygen radicals;
obtaining inducted atoms and molecules with high reaction abilities due to the flow of free electrons;
the wave impact on the system and discharge in the area of catalysis; UV irradiation impact; heat
effect of silent discharge (Stolyarenko G.S. 1999b, 1999c, 2008; Stolyarenko G.S., Vyazovik V.M., A.
Gromyko 2005).
The main factor in overcoming the activation energy of the first endothermic step (for example, the
combustion of methane) (Varnatts Y, W. Maas, R. Dibble 2003):
·
3

4

+

Q1

(1)

is a thermal decomposition of a hydrocarbon molecule, which is in front of the flame. The value of the
endothermic effect of the reaction (1) is Q 1 = - 4375 kJ / mol. The total effect of the exothermic
reaction (2) is Q 2 = 803.6 kJ / mol:
4

+2

2

+2

2

2

+ Q2

(2)

Thus, more than 50% of the energy released during combustion is spent to overcome the endothermic
effect of thermal decomposition reaction of the hydrocarbon. Continuation of the chain ( ·3 + 2
·
·
·
+ 2
+ etc.) with the activation energies are close to zero. The technical task of
3 2;
reducing the energy barrier of thermal activation of molecules and atoms was posed and solved due to:
a) the use of ozone or electrocatalysis in the discharge zone, and b) the synthesis and use of oxygen
radicals.
3. The gas-phase ozone-radical method. The simplest method of intensification of combustion is to
change the oxidation capacity of the air blowing in by adding ozone to the air mixture, which leads to
decreasing of activation energy of chemical reactions of destruction of hydrocarbons. Embodiment of
this method is the technology of the dosing of ozone-air mixture in to the air flow in front of the
carburettor (Stolyarenko G.S. 1986). In addition to the synthesis of atomic oxygen:
3

+

2

+

+

(3)

hydroxide and hydroperoxide radicals arise and are being used:
3

·
3

·
2

·

2.

(4)

The increasing concentration of NO leads to the additional formation of alkyl, alkyl-oxide alkylperoxide radicals:
+HO·

R· + H2O;

R· + O2 + M
·

·

+HO

R
R +

·

(5)

+ M;
·
2

(6)
etc.

(7)

The efficiency of gas-phase method depends on several factors: the concentration of ozone in the airfuel mixture; the reaction time of the fuel and oxidant; the reaction (with respect to O 3) of the fuel; the
rate of accumulation and suppression of oxygen radicals; the speed of ozone`s chemical destruction,
etc.
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Gas phase ozonation allows to save 2-4% of fuel considering optimal conditions as it was shown by
experiments and energy balances. Low total effect is caused by high energy costs for ozone synthesis
and relatively high (especially for lean mixtures) useless consumption of ozone by reaction (6). The
presence of atomic oxygen leads to increasing the content of NO x in the exhaust gas, but also
decreases the amount of carbon monoxide (II) (50%), hydrocarbons, aldehydes, benzo- (a) pyrene (2540%).
4. The influence of ozone on the liquid-phase processes of fuel combustion. There was conducted a
preliminary saturation of liquid fuel with ozone-air mixture for the implementation of the reactions (3)
- (5). In this case oxygen radicals are formed in the liquid. Study of the effect of low doses of ozone on
the internal combustion engines was conducted in a bench installation KAI - 2139B with carburettor
engine "Ural 353 - A" (Stolyarenko G.S. 1986, 1991, 2000). The level of the impact and the nature of
the effect of ozone in micro doses on the radical oxidation processes of combustion were determined
according to the results of studies. The increasing concentration of radicals
,
2 , RO , RO2 leads
to a more complete combustion of fuel; to the suppression of NO x (10-20%) due to the increase in the
radical that is responsible for the formation of
concentration of radicals
2 and binding
nitric oxide (II); to reduce the concentration of CO by 60-80% (in some modes the concentration of
CO was reduced to zero). The macro impact of liquid-phase ozone dosing in micro doses is achieved
due to the chain mechanism of synthesis and suppression alkyl-oxide and alkyl-peroxide radicals:
+
R+
2

2
2

R

+

+R

(8)
(9)

2
2

+R

(10)

Suppression of soot formation was observed at low concentrations of carbon monoxide (II). Aldehydes
and alcohols that are being synthesized in the process have an effective oxidant function as anti-knock
because they have an octane numbers above 150. They react with peroxide organic compounds that
are formed during the pre-ignition in the combustion chamber.
ROOH + HO2

ROH + H

ROOH + H

R

ROOH + RO2

2

(11)

+ HO2

(12)

ROH + RO +O2

(13)

That is, the radicals HO and HO2 (RO and RO2) act like lead peroxide (ROOH + PbO
increasing the efficiency and completeness of the oxidation of hydrocarbons and
destroying peroxides in the pre-ignition period. Only the assimilation of radicals HO and HO2 (RO and
RO2) explains the fact that ozone intensification of combustion process does not give full afterburning
of CO in all modes of operation. The observed changes in performance when using ozonized gasoline
are: motor starts easily in cold weather; no detonation on low-octane fuel with an optimal dose of
ozone; the engine operates at a steady early and late ignition; it is possible to increase the engine
power (up to 7%) in the same fuel consumption; there is a stable economy (up to 11%) at constant
power and speed. On-board technology system of generation and use of ozone was designed and
created. The test of its work carried out on the existing car GAZ-2410. Test results fully confirmed the
laboratory and bench tests.
2=ROH+PbO+O2),

5. Electrocatalysis by burning solid fuels. The process of burning solid fuels is complex and
heterogeneous because of the complex structure and composition of coal. Physical and chemical
transformations occur at different rates at different times. Easily desorbed hydrogen-rich organic
volatiles burn first, then - high molecular weight compounds, and only then burns coke heated by the
flame. The resulting product of incomplete combustion is CO which is oxidized to CO2 at deficiency
of oxygen. Combustion of coke and post-combustion of CO are the longest phases of the process. It is
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necessary to minimize the difference between the rates of physical and chemical transformations for
more complete combustion of the carbon components. This can be achieved using electrocatalysis
processes (Stolyarenko G.S. and others, 2007; Marts nishin Y.D., Stolyarenko G.S. Vyazovik V.M.
2008). Holding burning in the presence of a radicals in the air blowing in reduces the activation energy
of the primary endothermic processes, extends the ignition and eliminates the burning rate of various
components of the solid fuel. In addition two important technical challenges were solved to increase
the degree and rate of solid fuel combustion: achieve more complete combustion of the fuel while
minimizing excess air ratio, at 60 - 70% of the reduced toxicity of exhaust gases.
Experiments on optimization of the solid fuel (coal) combustion were conducted at the installation
which consists of: a combustion chamber with a discharge device, the thermostat, the power source of
the discharge gap and the compressor. Discharge device is a set of mesh electrode coated with a
catalyst. Electrodes are placed in the ceramic tube in the combustion chamber. The combustion
chamber is placed in electrical thermostat where coal is ignited. The air passed through the electrodes
before contact with the coal and then enters the combustion chamber from below.
The heat output was determined by direct heating of water. Measurements of the water temperature
were provided every 2 minutes, the end of burning process was determined when t = 0. Water is
heating up to 90° C. At higher temperatures the process of local boiling point begins, which is a
subject of errors in determining the amount of heat because of the process of transition. Time of
burning 1kg of coal depends on amount of air supplied and lies in a range from 40 to 50 minutes.
Coal was burning without discharges (blank test) and with them to complete the combustion process
efficiency. Test results were obtained and they show the relations between burning time and rising
water temperature. The combustion of coal with a discharge on all modes observed rapid water
heating, indicating that allocating more heat than the blank.
The amount of heat that is released at the blank tests reaches an average of 2251.3 W / min. The
amount of heat that is released while using discharge unit is an average of 3076.84 W / min. So the
efficiency increases up to 26.8%. The difference of heat is consumed by additional water heating
which reduces the equivalent fuel consumption by the same amount. Discharge unit power
consumption does not exceed 50.5% of the additional heat.
The coal burning degree and the amount of ash were measured during the two series of experiments
(with and without discharge). The coal burning degree in the blank experiment is about 72% when
using the discharge is about 89%. Thus, the degree is increased in averaged 17.45%.
The amounts of carbon monoxide (II) in the flue gases was reduced by 60-80%, nitrogen oxide - by
40%, aldehydes and benzo- (a) pyrene – by 40-55%, carbon black – by 60% when using the method of
electrocatalysis. A steady work of a burner is observed at an air-fuel ratio of less than 1.2 which
reduces the volume of the waste gases by 5-15%. Thus, the proposed method of intensification of the
combustion process leads to more complete burning of solid fuels and higher boilers efficiency.
6. Electrocatalytic intensification of burning gaseous fuels. During the chemical reaction of the gas on
the catalyst zone silent discharge intensification of the process is carried out in several ways: changing
the oxidative capacity of the system due to the fact that as an oxidizer used oxygen, ozone molecules
and oxygen radicals
,
2 , RO , RO2 ; reactant molecules are activated with high voltage, the flow
of excess electrons, UV radiation, etc. and become energetically excited atoms, ions or the ionradicals. Oxidation of such kind of reagents occurs spontaneously or with minimal energy costs. The
costs of thermal energy is compensated by raising the temperature of the system in the discharge zone
without the use of bulky heat exchangers and heat-recovery (Martsinishin Y.D., Stolyarenko G.S.,
Vyazovik V.M., - 2007). New generation of catalytic devices, catalysts and electrodes with laser
treatment of the surface of the dielectric were developed as a result of the study of the electrocatalysis
process (Shumsky A.N., Eskov-Soskovets V.M., Stolyarenko G.S. 1993, 1994a, 1994b). The effect of
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frequency and the duty cycle of the discharge were studied also. Experiments were conducted in the
laboratory and bench units to optimize the combustion of gaseous fuels. The experiments were
conducted with both pure gaseous fuels, and with the addition of various additives to gaseous fuels.
Methane and propane-butane mixture were used.
Most fuel savings were achieved by dosing oxygen additives into the gas flow at a voltage of 11.6 kV
and reaches approximately 12%. Power consumption for electrocatalysis was in average of 3-5% of
the received power at the expense of fuel economy. Radicals are inducted with the discharge at a
voltage of 10 kV and above when using natural gas as a fuel. Observed fuel economy is about 8%
without the addition of additives and up to 12% with the addition of additives. Emission of toxic
compounds is reducing up to 56 - 62%. Thus, the partial replacement of the thermal energy on
electrocatalytic activation leads to the intensification of the process of combustion, fuel economy, and
a significant suppression of the formation of toxic compounds (Stolyarenko H. et al.2008).
7. Heterophasic ozone-radical method to reduce the toxicity of exhaust gases. The second stage of
reducing the toxicity of the gas stream is chemisorption vast majority of harmful compounds for
photosynthesis. The possibility of using high-oxidative properties of ozone containing condensed
phases was studied.
On the basis of modern ideas about the structure of the ozone molecule has been proposed and proved
the following mechanism of chemical destruction of ozone (Stolyarenko G.S. 1999a):
- The first stage of interaction of ozone and hydroxide ion in parallel in the following two ways:
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- Secondary reactions at low pH can also lead to the synthesis of
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- In solutions with a high pH ozone radical and superoxide radical ions enter the known reaction with
water molecules:
3

+

2

2

+

2

·

2

+

-

+

-

+

2,

(18)

.

(19)

Further process of the decomposition of ozone (in the conventional mechanism) goes through
assimilation radicals or radicals interact with ozone, getting avalanche mutual extinction. The highspeed processes of chemisorption and producing of acid are localized on the surface of the water drops
that are dispersed. This surface is also determines the rates of other reactions: (k s in m3 / kmoll s):
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1 - confuser Venturi, 2 - air nozzle 3 - hydro-sonar nozzle, 4-jet of ozonated liquid, 5 - ozonated
stream pH adjustment torch, 6 – injector for sulphite-hydrosulphite solution 7 – flow of sulphitehydrosulphite solution, 8 - Venturi tube diffuser, 9 - SG body, 10 - Submission of OBC, 11 - the inlet
of an aqueous solution, 12 - Submission of an alkaline solution under high pressure, 13 - Submission
sulphite-hydrosulphite solution.
Figure 1 - The heterophasic NO absorption process in jet scrubber combined with a Venturi tube: N 1 zone injection of allied water, H 2 - pH adjusting zone for the liquid phase saturated with ozone, 7, 8 SO2 cleaning zone.
It was found that at high fluid pressure in the water mist shaped flux R t = 1 for a 1 s, the value of L *
in an oscillating drop throttling was 2,4 10 -3 m / s, which is much higher than at L bubbling , the
"lifetime" of radicals varied from 10 -2 to 10 -4 s. The test results of joint cleaning electro catalytic
method and ozone-radical absorption NOx process in the exhaust gases have reduced them to near 0%,
the concentration of toxic metals and SO 2 – by 99%, carbon monoxide (II) – by 95-98% ,
hydrocarbons, aldehydes, benzo (a) pyrene - by 96% compared to the original content. Achieved
reduction of toxic impurities enables the use the flow of treated flue gas as a raw material for the
efficient synthesis of blue-green algae.
8. Photosynthesis of cyanobacteria allows rationally convert carbon dioxide into fuel with concomitant
production of fertilizers for agriculture. The technology uses carbon dioxide which is a product of
combustion of the same fuel with intermediate purification of flue gases.
With the growing demand for clean fuel, the most interesting technology is a production of "green"
bio-fuel derived from organic oils. Demand is estimated at billions of gallons, but its synthesis of plant
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products such as canola, soybean and corn is limited with high cost of the products and the limit of the
area required for cultivation and further processing into biodiesel. In this case, getting biodiesel from
oil-bearing algae is much more favourable process. For example, 1 acre of greenhouses producing up
to 100,000 gallons of fuel, on average, that is 74 times more than using corn. Algae require carbon
dioxide for growth, which can come from power plants flue gas. It is advisable to use only solar
energy during photosynthesis for growing algae.
Microalgae are recognized by scientists around the world as new, effective, alternative, renewable
sources of energy. Recently it was taken a bias towards the production of biofuels from plant material,
which is expected to grow for this purpose. Of biological objects - plants, carriers of fatty acids and
oils that are suitable for processing on biodiesel proposed use: canola, soy, corn, sunflower, and
others. However, currently, the preference is given to the production of vegetable oil from unicellular
microalgae type Spirulliny, Chlorella, marine and freshwater, cyanobacteria and other blue - green
algae. Extracted oil was then a raw material for biofuels.
The processes of catalysis, biocatalysis, conversion, cracking, distillation, pressing, extraction,
filtration, centrifugation, separation (separators, cyclones) and others are used. The resulting oil is
processed into hydrocarbon fuels, accelerates to the rectification column for gaseous fuel, gasoline, jet
fuel, bio-fuel for jet engines and is residual oil - heavy fraction - oil.
Algae, unlike other vegetable matter, do not feed expensive fertilizers, and CO2. Moreover, algae
consume hard purified CO2 in 15 times faster by increasing its growth. If they are grown in a polluted,
fecal waste water from food companies oil and fat processing plants, meat processing plants, beetsugar factories, distilleries, margarine plants, etc. double effect is achieved - cleaning water from
contamination and algal mass will increase twice every day.
Purification of carbon dioxide is required for two reasons. First - all of the toxic impurities without
treatment will get transit in oil and biodiesel and will be emitted directly into the air we are breathing
after burning in vehicles engines. Secondly, nitrogen oxides in flue gases are in the form of NO and
NO 2 with a low degree of oxidation. In this case the nitrite ion will be synthesized under
photosynthetic which inhibits activity of microorganisms by inhibiting photosynthesis. Radionuclides,
benzo (a) pyrene, formaldehyde, vapours of hydrochloric and hydrofluoric acids, toxic metals (arsenic,
cadmium, mercury, lead, thallium, chromium, sodium, nickel, vanadium, boron, copper, iron,
manganese, molybdenum, selenium, zinc , antimony, cobalt, beryllium) also reduce to the growth of
blue-green algae.
9. Technology of production fuels from renewable raw materials, which exists at the present time,
based on the use of three main components: vegetable oil (rapeseed, soybean, sunflower, etc.), methyl
alcohol and a catalyst.
Raw material are the main source of the first component for the production biodiesel is not a problem
for the country in terms of high-quality seed varieties, crop area size, high yields, with the prospect of
coverage planned for 10% (2020) energy needs from biomass.
The second component - methanol - the most efficient processes for esterification. But the production
of methanol is totally dependent on foreign (Russia) supply of raw materials - natural gas, as well as
its cost. Currently, there is a strong trend growth in the value of this raw material. At the beginning of
2011 the price has increased significantly and amounted to 3400 - 3500 UAH per ton. The resulting
methyl esters - biodiesel - by the fuel and energy indicators are inferior petroleum diesel fuel, which
leads to excess biodiesel by 8-12%. However, the environmental properties of biodiesel has
incomparable advantages of reduced emissions of oxides of nitrogen by 30-60%, reduced emissions
of sulphur by 95-98%, a 50% decrease pollution by soot, aldehydes, hydrocarbons. The use of
biodiesel results in increased engine life, it works "softer" and more slowly, it is cheaper than diesel
fuel.
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The problem of the production of biodiesel from other types of raw materials, such as ethanol, was
solved. This made it possible to expand the raw material base for producing biodiesel, reducing the
country's dependence on imported gas or methanol.
The study of the process of producing bio-fuel using ethanol instead of methanol for esterification was
done to reduce the dependence on imports of methanol and natural gas. National independence from
the imports rises when using ethyl alcohol (from renewable raw materials such as molasses) and this
might reduce the cost of biofuels on the changing situation of the international market (in the future).
In addition, this technology will enable the full capacity load distilleries, many of which are now idle.
Calculations of the number of enterprises shows that ethyl alcohol price is 20 UAH / dal., or 2500
UAH. / ton. Given the abolition of excise duty, the transfer of production of ethyl alcohol for cheap
raw material (molasses), increase in the cost of methanol can reduce the cost of biodiesel from ethyl
esters of 1.86 - 2.05 times compared to the methyl esters. Synthesis of biodiesel is in standard stirred
reactor and heated.
We propose a new type of reactor that speeds a stage esterification in the 5 - 6 times. In this case, the
synthesis of biodiesel reduces energy consumption by 25 %. The introduction of a new type of reactor
does not change the process flow sheet.
Study on biodiesel production was carried out in two ways: one - study the synthesis of new types of
catalysts that will receive biodiesel from ethanol with the same output, the same quality and with the
same conditions as for biodiesel from methyl alcohol, the other - study of influence of cavitation on
the rate of synthesis of biodiesel.
Synthesis of biodiesel is in the process of trans-esterification reaction in the presence of acidic or
alkaline catalyst. As a rule, alkaline catalysts (KOH or NaOH) are used, as they consume less then
energy. During the synthesis of biodiesel using an alkaline catalyst is a side reaction of saponification
of oil. The quantity of catalyst is reduced. The process of synthesis biodiesel using a new catalyst that
will allow carrying a process of trans-esterification of oils with little or no ethanol saponification
reaction and high reaction rate was developed. The conversion of oil into biodiesel using new catalyst
is 98%, using KOH is 75 - 80%.
Table 1 - Comparison of the results of analyses of methyl and ethyl esters.
Name of indicators
1

Density at 20 ° C, g / cm 3,

2

40

Viscosity at

2

° C, mm / s.

Norm
according to
DIN E 51606

Submitted samples
Methyl ester

Ethyl

0.875 - 0.9

0.885

0.8824

3,5 - 5,0

5,5

{0}6.9{/0}{0}.
{/0}

Viscosity at 20 ° C, mm 2 / s.
3

Flash point in closed crucible,

4

Cetane number

5

Mass content:
methanol,%

9.01
C

110

124

121

49

49

49

0,3

0,08

ethanol%
6

Mass content:
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10.36

0,1
96,5

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
methyl esters,%;

-

97.6

-

ethyl esters,%

-

-

96.3

7

The weight content of monoglycerides,%

0,8

0,7

0.9

8

The weight content of diglycerides%

0,4

0,1

0.12

9

The weight content of triglycerides,%

0,4

0,2

0,2

10

The weight content of free glycerol,%

0,02

0,02

0.01

11

The massive amount of total glycerol,%

0,25

0.24

0,26}

Optimal amount of ethanol is 21 ± 1 dm 3 on 100 dm 3 oils.
Comparison of the results of analyses of biodiesel samples synthesized using methyl and ethyl alcohol
is shown in Table 1. Also during the research an optimal amount of ethanol for the trans-esterification
reaction was determined with the highest yield and lowest cost of alcohol.
The task is to improve the technology of synthesis of esters and alternative fuels, to intensify the
processes of mixing, heating and synthesis of hydrocarbon radicals. The problem is solved with the aid
of cavitation. In a mixture of two liquids - plant oil and alcohol is immediate and thorough mixing
with simultaneous heating and creating hydrocarbon radicals to accelerate the esterification reaction.
The essence of this technology is that the synthesis of esters is provided in cavitation device and
apparatus for producing biofuels included in the standard production line: the mixer for oil with
alcohol and catalyst; esters synthesis reactor, heater and distributor of products of esterification. The
reactor is designed as a tank and pipe, equipped with inlet accelerating coil that determines a vortex
fluid flow and output - a narrowed section with a vibrating plate.
The use of such a reactor gives a possibility to simplify technology of the process of esterification,
intensifies the synthesis of ether, lowers capital costs, and reduces the energy consumption for heating
and synthesis.
Leading results of the synthesis biodiesel using cavitation reactor are compared with the results of
synthesis biodiesel without cavitation. Comparative characteristics of yield changes from time to time
are shown in Figure 2. It follows that the action of cavitation, the conversion of oil into biodiesel at
95% up to 5-10 minutes, and normal reactor for 20-25 minutes (at the operating temperature of the
solution in the reactor).
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Figure 2 - The relationship between degrees of conversion of oil into biodiesel on the reaction time: 1 without cavitation, 2 - with cavitation reactor.

1 - reactor for the production of the catalyst solution, 2 - reactor for the synthesis of biodiesel, 3, 6, 11
- pumps, 4 - cavitation reactor, 5 - settling tank to separate the glycerol fraction, 7 - a collection of
glycerine 8 - pin mixing tank for adsorbent and biodiesel, 9 – adsorbent tank, 10 - dispenser of
adsorbent, 12 - Filter 13 - tank for biodiesel.
Figure 3 – Flow sheet for producing biodiesel fuel by new technology
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The proposed process flow sheet for biodiesel production is presented in Figure 3. The pilot plant
production and use of bio-ethanol for synthesis of biodiesel was designed, developed and built.
Biodiesel is highly competitive with its characteristics of biodiesel from methyl alcohol and also
cheaper.
CONCLUSIONS
Creating clean energy bio-complex allows rationally convert carbon dioxide into fuel, to save fuel at
the stage of burning, to reduce the toxicity of emissions from stationary power plants, to reduce costs
in the synthesis of fuels with the concomitant production of fertilizers for agriculture, to minimize the
amount of combustion of fossil fuels.
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OZONE-RADICAL SELECTIVE METHOD OF DESTRUCTION MALIGNANT TUMORS
CELLS. THE METHOD: "SOFT RADIATION"
Hennadiy S. Stolyarenko
Cherkassy State Technological University, Cherkassy, Ukraine

Abstarct
Were reviewed the modern methods of destruction of water molecules or organic compounds by the
oxygen-containing radicals, during the struggle with malignant tumors. Propose a new method that
can be characterized as a method of ozone-radical surgery. The use of such reactionary-active
compound as ozone significantly reduces the energy expenditure of the formation of radicals. The
presence of an oxidant facilitates the formation of oxygen-containing radicals and radical ions which
made it possible to develop a selective method of chemical destruction of tumor cells. The new method
of ozone-radical surgery called the method of "soft radiation".
Key words: malignant tumors, oxygen-containing radicals, hydroxide and hydro peroxide radicals,
selective method of ozone-radical surgery
1. Cancer is one of the main problems of today. The cause of the cancer can be a variety of factors:
environmental pollution, the use of poor-quality food, toxic compounds in drinking water, alcohol,
tobacco smoke, ionizing and ultraviolet radiation, some viruses (Sasco, Secretan & Straif 2004).
Malignancy is a disease characterized by the appearance of multiplying uncontrollably cells capable of
invasion into adjacent tissues and metastasize to distant organs. The disease is associated with
impaired proliferation and differentiation of cells due to genetic disorders that lead to malignant
tumors. As a result of their life malignancy suppresses the surrounding tissue, and sometimes adjacent
organs. The growth of malignant tumors cannot be controlled (Pár 2010).
For malignant tumors characterized by rapid, often infiltrative, growth, metastasis and recurrence,
there was a general negative effect on the entire body, as well as cell and tissue atypism. Cell
irregularities - is to increase the size of the basement membrane, the changing relationship between the
cytoplasm and nucleus, the change of the nuclear envelope, increased, and sometimes the number of
nucleoli. Tissue atypism is a violation of spatial and quantitative relationships between the
components of tissue. Intense stimulation of the growth of the circulatory system ( "angiogenesis" ) in
the tumor leads to its filling with blood vessels ("vasculature") and hemorrhage in the tumor tissue. It
is also observed that tumor cells can escape from an immunological control of the body with the
special mechanisms of deception T-killer cells.
2. The following methods are used at the present time to cure the cancer:
2.1 Surgical removal of the tumor. Surgical removal of the tumor can be carried out both by
conventional cold tools, and the use of new surgical techniques and tools (laser, radiofrequency knife,
ultrasonic scalpel, etc.). Laser beam, for example, compared with a conventional scalpel reduces
bleeding during surgery, destroys tumor cells in the wound, provides better wound healing in the
postoperative period. Tumor cells can also be found outside of the tumor, so they are removed with
exceed. Tumor cells that were not in the removed organ or its part may form metastases even after
surgical removal of the primary tumor. Furthermore, after removal of the primary tumor metastasis
growth accelerates, and in some cases, can be a source of the further spread of cancer cells in the
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human body. This method is not always possible to use, it has limitations on the forms and stages of
cancer.
2.2 Chemotherapy. Very powerful drugs are used which themselves are very harmful to the body.
Their actions are directed against the rapid cell division that allows delaying the development of
cancer. Medicines can suppress duplication of DNA, interfere with the separation of the cell wall in
two. However, other cells such as epithelial cells of the stomach are also multiply as fast as tumor
cells. They are also damaged by the chemotherapy. Therefore, in addition to chemotherapy the whole
body is being poisoned that leads to serious side effects. healthy cell regenerate for a long time after
chemotherapy course. New drugs for chemotherapy were synthesized in the late 1990s. They attack
tumors proteins almost without damaging normal rapidly dividing cells. However, these drugs are
used only for limited types of cancer. Course of chemotherapy treatment is very long and expensive, it
is very selective (not all malignant tumors can act medications), it requires long and expensive course
of rehabilitation.
2.3 Radiotherapy . Different exposures are used for irradiation, including gamma radiation. Irradiation
kills cancer cells by damaging their genetic material. It creates the conditions under which the impact
on healthy cells is minimized. It is important to consider that short-wave photons penetrate to any
depth; neutrons penetrate only to a limited depth. Electrons penetrate to the very shallow depth and are
used for the treatment of malignant tumors of the skin and subcutaneous cells.
Increasing ionizing radiation (with energy higher than the energy of the photons of sunlight in 10 6
times and more) and the use of high-energy electron on water molecules and cells leads to the
synthesis of superoxide ion-radical ·2 , hydroxide and hydroperoxide radicals
,
2 , hydrogen
peroxide H2O2, hypochlorite ion ClO
organic molecules with electron-excited atoms. Lipid
peroxidation leads to the formation and alkyloxide alkylperoxide radicals RO , RO2 . In this case, the
cell membranes are being destroyed, there is a gap and the unwinding of DNA and RNA, the
suppression of production and activity of enzymes is observed. Mutagenic effects of radiation are
accompanied by a secondary carcinogenic.
2.4 Photodynamic therapy by drugs that can destroy cancer cells under the influence of light output of
a certain wavelength. For example, at a wavelength <1470 A in a hard vacuum ultraviolet radicals
,
2 are formed with a high quantum yield as a result of the decomposition of water:
+

2

+

2

(1)
2

(2)

-2
-10 -4 s) react
Vibrationally excited radicals
and
2 at any concentration, almost instantly (10
with membranes and DNA of tumor cells. Hormone therapy , immunotherapy, and other methods of
combined treatment are not considered because they do not belong to the ion-radical methods.

3. The proposed new method can be attributed to the new direction in the radio-and chemotherapy,
improve and overcome their weaknesses. By analogy with the use of lasers must be characterized as a
method of ozone-radical surgery (ORS).
Chemical destruction of tumor cells occurs due to the reactions of organic compounds with oxygenion-radicals and radicals (OIR) of the reaction mechanism of radiotherapy. Effective oxidants are
synthesized under the influence of radiation on the water molecules, breaking their molecular bonds.
Therefore, synthesis of the necessary quantity and concentration of the OIR requires a very harsh
environment of radiation, which leads to the destruction of not only the tumor but also normal cells.
This approach does not allow nor regulate the formation of the OIR or create a selective method of
destroying cancer cells.
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ORS offers a method as a starting substance for the synthesis of the OIR to use pre-ozonated solutions
(POS) containing water, ozone and chemicals. The use of such reactive compound as ozone
significantly reduces the energy cost of the formation of radicals. The presence of an oxidizing agent
facilitates the formation of the OIR, which leads to avoid the use of harsh conditions of synthesis and
develop a selective method for chemical destruction of tumor cells.
The essence of the method is to traverse ORS working solution using special probe to cancer tumor.
Active agents (sum OIR) of the working solution, which are synthesized directly before entering the
area of cancer tumor, react with organic molecules of tumor cells and normal cells remain intact. The
spent solution is removed along with the products of decomposition and organic particles of cancer
through another tube. Various methods for synthesis of active agents and their supply to the reaction
zone were developed.
For the study of methods for the synthesis of short-term use of the OIR and conducted selection of
solvents were developed requirements for ozone solvents: liquid phase should have a high solubility of
ozone, it must not destruct the oxidant, to be indifferent to the human body. The solubility of ozone in
water and aqueous solutions of low significance (distribution coefficient K = 0.3 - 0.33), and therefore
conducted studies to determine the solubility limit of ozone for chlorinated (K = 2.2 - 2.5) and
fluorinated (K = 2,5 - 2,8) hydrocarbons. The required saturation time for oxidizing the solution and
the optimal OIR synthesis conditions were identified for different types of solvents.
The process of chemical destruction of high molecular weight organic compounds using ozone is
rarely studied. This is due to the fact that the rate constant of the interaction of ozone with IUDs are
small (k s <10 -5 L / mol s), so the half-life measured in hours. Direct ozonation is used to destroy
the membrane, plasma core during the degradation of proteins, carbohydrates, acids and other
compounds, which form a cell, require infinite contact time and a high concentration of O 3. This is not
only a rate of chemical reactions, but also the lack of transport of ozone, which is delivered to the
tumor region in the liquid phase. Thus effectively destroy of any cell with only ozonation process is
almost impossible. In this case, the term "effective" refers to both the time of chemical destruction and
to create an environment where the process leads to the selective destruction of cancer cells
(Stolyarenko, Gromiko, Vyazovik, Paramonov & Shaposhn kova 2003; Stolyarenko, G, Vyazovik, V
& Gromyko, A 2005).
A priori, we considered abnormal cells malignant tumor, neoplasm, which occurs with a deficit of
"building blocks", which itself, as (due to fast fission), the aggressor, practically, is not protected from
oxidative outside influence. Past normal evolution normal cell has a relatively high anti-oxidant
property. According to academic specialists (Institute of Surface, Academy of Sciences of Ukraine)
membrane abnormal cells are not always integral and has pores of a few tens of angstroms. This, as
shown by experiments, it is enough to penetrate radicals
,
2 in abnormal cells and a highspeed expansion into its core. On the difference in the structure of cells and their antioxidant
protection systems based method "Soft radiation" by Stolyarenko that leads to high-speed selective
apoptosis of the tumor as a whole.
It was proposed to use a solution that contains solvent, ozone, water, and chemicals as an effective
oxidant of tumor cells. The initial concentration of oxidant is the main indicator for the required
concentration of radicals. POS ozone is decomposed, so the second most important parameter is the
"lifetime" of the radicals. The working solution for a short time will be synthesized effective radical
·
·
ions and radicals:
,
2,
2 ,
3 , RO2 , RO . Oxidizing ability of such solutions is very high:
the rate constants of reactions of OIR with probable high molecular weight compaunds up by five to
six orders of magnitude (with respect to O 3). The main challenge in implementing the selective
dissolution of tumors is to create elevated, precisely controlled concentrations of the OIR, which we
studied and proposed several methods for chemical destruction of ozone in aqueous solutions of
organic compounds:
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3.1 Throttling previously ozonated solutions (POS). Increasing pressure increases the initial
concentration of ozone in the solution, which increases after throttling the current concentration of the
OIR from atmospheric pressure, and the decomposition of ozone occurs through ozonyde ion-radical
·
3 .
3.2 Adjusting the pH of the ERP. The first stage of the interaction of ozone depletion (biradical) with
the hydroxyl ion is parallel for two channels (Stolyarenko 1999):
··
··

3

·

+

·

+

3

·

+

3

·

+

2

(3)
(4)

2.

Secondary reactions at low pH also lead to the synthesis of
+
+

+

·

+

·

·

3

·

2

+
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2,

·

2:

(5)

2.

(6)

With increasing pH ozonyde and superoxide radical ions enter the known reaction with water
molecules:
·
·

3

+

2

2

+

2

·

2

+

+

(7)

2

+

(8)

Further process of expansion in the conventional mechanism passes through assimilation and
interaction of radicals and radical ions with organic compounds of tumor cells.
3.3 Homogeneous catalysis based POS. Due to the fact that in the study of condensed and gaseous
media may be other reactive compounds (olefin and diene hydrocarbons) alkyl peroxide and alkyl
oxide radicals (like RO and RO2 ) can be synthesized. The current concentration of this radicals is
much higher than
and
2 , so their effect should be studied in vivo systems to recycle the
working solution.
3.4 The electrochemical decomposition of the POS in the volume of the tumor. Effective formation of
OIR is observed in the interaction of ozone with the products of decomposition of water in the anode
of a platinum electrode. The decomposition process takes place:
2

·

·

2

2

(9)

The last stage in the presence of ozone allows higher concentrations of regulated hydroxide radical.
3.5 A heterogeneous catalytic method for applying an electric discharge in the spraying POS enables
effectively degrade cell malignancies. This method is limited by the surface of the skin and
subcutaneous cells (Stolyarenko 2008).
3.6 POS interaction with highly oxidizing agents. Mixing ozonated solutions and solution antagonist
·
of ozone, such as hydrogen peroxide, resulting in the formation of radicals such as
,
2
(Razumovsky, Zaikov, 1974):
··

3

+

2

2

·

+

·

2+

2

(10)

However, the high rate of assimilation of radicals does not support high concentrations of regulated
OIR in the reaction with organic compounds cells.
3.7. Photolysis of POS in the tumor area. Photodegradation of ozone and water flows with high
quantum efficiency in UV at a wavelength of = 2537 A to obtain high current radical concentrations
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of
,
2 . This is much higher than the hard ultraviolet method 2.4, which leads to minimize the
disruption of normal cells. Ozone decomposition reaction flow in the following order (Stolyarenko
Korzhik & 2010):
1
2( D)+

3
2
··
··

(1D)+
3
3

2.

2
·

+

.

·

2

(11)

2

·

2+

·

.

2

·

2

(12)
(13)
(14)

4. In vitro, more than 500 experiments were carried out, with almost alive cancers (stomach cancer,
cervical cancer, colon cancer, liver cancer, etc.), fragments which were cut off from the tumor after the
surgery. Fragments delivery time from operating to the laboratory ozone treatment bench not exceed 2
- 3 minutes. Several methods of chemical destruction of tumors of different origin, age and condition
were studied. The results are shown by direct observation (under the microscope and ultramicroscopy)
over the surface of the tumor fragments for different technologies of ozone decomposition in POS and
means for supplying ozone-radical flux to treat the tumor in time [quoted from workbook a Laboratory
of Immunology, Oncology Center, Cherkassy]:
4.1 First method.
20 minutes - single layout with marked homogeneity kernel smoothed chromatin pattern, patterned
discontinuity cytoplasm, sometimes thinning the shell of the nucleus. Cell lysis mostly benign cells,
the tumor cells are separated, destroyed (autolysis).
60 minutes - Decreased biological activity, swollen cells, the nuclear substance filamentous, nucleolar
- in pyknosis (often in vacuolization, often cannot be traced), cell decay, tumor cells with basophilic
cytoplasm, cell pyknosis, necrobiosis.
4.2 The second method.
20 minutes - achromatic, cells lose oksifeliyu, drawing a homogeneous core, molded shell by erosion
of nuclear substance, a preserved squamous cells, looseness cores enlightenment cytoplasm cells
"varnished", pyknosis, oxyphilic tumor cells, non-tumor in necrobiosis.
60 minutes - A Isis, cell pyknosis (non-tumor cells), multiple destruction of nuclear substance.More
basophilic stain. The nuclei of tumor cells jagged, jerky loop kernel karnolizis, reduced biological
activity of tumor cells, nuclear pyknosis, cell lysis, the edges are transparent cytoplasm, broken strands
of tumor cells.
4.3 The third method.
5 minutes - In tumor cells the nuclear envelope is preserved, chromatin rapidly lysed, cell lysis,
adenomatous arrangement with moderate hypersecretion.Deal of destruction x cell nuclei (lysis
reksis).
10 minutes - Cytoplasmic substance tumor cells loosened, destroyed.Nuclear substance - slightly
lysed.More pronounced cell lysis, the nuclear membrane of tumor cells, and the relief is clearly
visible, cell necrobiosis, pyknosis.
15 minutes - Severe vacuolation of the cytoplasm of tumor cells, enlightenment kernel lysed with
damaged nuclear membrane, cell lysis, nucleoli are not more than 10% pyknosis of tumor cells,
macrophages, and lipofagi.Kletochnoyaderny necrobiosis, single arrangement of tumor cells in a state
of necrobiosis, cell disintegration.
20 minutes - cell apoptosis, pyknosis.

291

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
40 minutes - tumor cells was detected non-tumor cells, which are in the form of threads - in
necrobiosis.
4.4 The fourth method.
15 minutes - Tumor cells with pronounced signs of cytolysis (60-80%), lysis of tumor cells, many
oxiphylic mucus karyorhexis, kariolizis in all fields of view, the destruction of tumor cells by breaking
down the (inflated) nuclear substance.Lysed cytoplasm tumor cells in pyknosis slightly expressed
nuclear poliohratsiya, the tumor cells have dramatically atypical skie nucleoli, bare nuclei (90-92%),
the nuclear membrane is not saved.The nuclear destruction of up to 80%.
30 minutes - cell pyknosis of tumor cells up to 80%, tumor cell elements in a deep state of necrobiosis
to 80%, 80-90% lysis, hyperplasia of tumor cells.
40 minutes - tumor cells was detected in non-tumor cells necrobiosis.
Optimum processing of the tumor should be started by the second method ("scalpel 2"), and finish
fourth method ("scalpel 4"), which will allow minimizing the disruption of normal cells, as it has been
shown with the results of experiments. Repeatedly from a malignant tumor for 40-60 minutes
(fragment size of 1-2 cm 3) in the solution produced a "broth", which sailed strands and threads of
normal cells, which are likely to have been captured in the formation of tumors.
It has been observed in many experiments that the surface of the fragment after 10-15 minutes of
processing cells appear active killers. This fact confirms that the method of ozonation versatile: its
impact originally that the cellular level of the body awakens inner resources regardless of any disease.
The observed processes are similar to radiation, as in the volume of tumor in the liquid phase under
the influence of radiation is also synthesized by the OIR, but the ozone radical chemical destruction
not been burned, apoptosis and necrosis of normal cells (which occurs when radiation treatment on the
track of radiation) and no impact of high-frequency oscillations. There is a link with chemotherapy:
the decomposition of ozone formed oxidative radicals - drugs that target to suppress any vital tumor
cells.
In analysing the results of in vitro studies on human cells in the laboratory optimal doses of ozone and
oxygen radicals, the contact time of the phases required "lifetime" of the OIR for full selective
destruction, the composition of solutions and ways of summing oxidants were determined. The
achieved results suggest that the complete dissolution of tumors without surgery by supplying
ozonated solutions and reagents in the tumor by natural (lymphatic vessels and blood systems) or
artificial means (medical probes) are achieved within 20 - 60 minutes. A combination of different
factors influences the ozonated solutions in the area of tumor reduction achieved by the damaging
effects of oxygen radicals on normal cells, while normal tissue virtually destroyed. This method,
therefore, gives the right to define it as selective. After removal of the cancer in the form of waste
slurry with tumors nanoparticles, the patient does not experience much harm. After the operation, the
expansion area of tumor is washed with physiological solution and the solution with the necessary
vitamins. In order to restore the patient is no longer the need for complex rehabilitation course of
treatment, the treatment is sufficient vitamins, so it is no wonder that medical experts call this method
"soft radiation".
For participating in the experiments in vitro, as the definition of technological and medical
characteristics of the selective method ozone-radical surgery express my gratitude to Head of the
Laboratory of Immunology of Cherkassy Oncology Centre – Shaposhnikova MT, associate professor
of Cherkassy State Technological University Gromiko AV and Vyazovik VN, head of Cherkassy
laboratory of environmental problems Fomina NM, head of the regional hospital radiologists AM
Pachechuyev, chief physician at the Oncology Center Vladimir Paramonov, head of the department of
surgery A. Edutenko.
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5. When considering the use of POS as a transport to the tumor in the natural channels - the blood
vessels (a supply blood to the tumor), as well as in studies of the plasma of blood for the synthesis of
POS, a method was developed, which are used as oxidants hydrocarbon radicals. Chemical destruction
of toxic compounds in the plasma leads to the formation of ozone and alkyl oxide and alkyl peroxide
radicals (R · R 2·). Those radicals are formed by the following mechanism:
RH +

R+ H

3

RH + H

2

R +

R +

R

2

2

2
·

·

2

2.
2

(15)
(16)

2

·

(17)

R

·

·

+

2

(18)

A method for further analysis was selected in an independent direction - extracorporeal (out of
organism) method of processing blood.
The methods of extracorporeal blood treatment include operations aimed at changing the cell, protein,
electrolyte and blood gas through its processing out from organism. Depending on the used
technological basis of blood detoxification methods are divided into: membrane ( blood dialysis, blood
ultrafiltration, blood oxygenation), centrifuge (plasma pheresis, leukocyte pheresis) electromagnetic
(radiation: ultraviolet, laser, magnetic, X-ray); pretsipitatnye (krioaferez, pritsipitatsiya)
electrochemical oxidation (sodium hypochlorite). Different processing techniques provide blood or
that the degree of detoxification, ensuring the achievement of specific effects of extracorporeal
operations. Leading role in the implementation of the biological transformation of toxic compounds
has monoamine oxidising system of the liver which is based on the processes of oxidation and the
action of biologically active substances, enzymes. The nearest to the biochemical processes of
detoxification methods are selective electrochemical oxidation.
The idea of modelling detoxifying function of the liver by electrochemical oxidation was implemented
by S. I. Yao, S. K. Wolfson (Yao & Wolfson 1982; Pletcher 1982). They offered to remove excess
substances such as ammonia, urea, ketones, methanol, and other biologically active substances in the
extracorporeal shunt in electrochemical cell. The first clinical experience with ozone therapy were
published by employees of Kharkiv regional centre of nefrourologicheskogo Yu Kozin, VI Savenkov,
VI Zhukov, Vladimir Leonov in 1996 (Kozin et al (1996)). The authors used ozone therapy for 23
patients with sepsis. In this case, the patient's blood plasma after plazma pheresis was treated with
ozone in the bubble chamber until the concentration of ozone in it reaches 1.2 - 0.2 mg / l. Then the
plasma was returned to the body intravenously. The authors note that this extracorporeal surgery
reduces toxicity without increasing the activity of plasma lipid peroxidation.
This technology has a number of disadvantages. Bubbling ozone-oxygen mixture through the plasma
causes the formation of stable foam, which makes the whole process more complicated. Almost 40 to
50% of plasma was being lost together with the foam created by bubbling. These reasons led us to
abandon the standard unit - bubble chamber. The blood plasma contains bilirubin. An extracorporeal
detoxification unit where surface contact devices used ozone-oxygen mixture with plasma was
developed. Technological process involves two stages: detoxification and plasma binding of free
radicals. The average concentration of this toxic component - bilirubin in the plasma of patients was
0.3 mmol / l. In conducting our research, it was found that the ozone dose required for oxidation of the
toxin, exceed 1.5 - 2 times the other known from the literature that have been used by the authors in
blood ozonation. In order to reduce the cost of ozone, as well as to stabilize the components of the
plasma, it was diluted with saline 0.9% NaCl. Dilution of plasma with NaCl solution allows addition
of oxidizing ability of ozone to its ability to initiate a chain reaction of aqueous solutions. In addition,
it is known that, in aqueous solutions under normal conditions, the rate of the reaction of ozone with
substrates plasma much more.
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The first step of the reactions of formation of labile
- complex, which in turn is rapidly degraded
into two fragments: bipolar ion (carbonyl oxide and carbonyl). After that they react with each other,
with water and dissolved oxygen, forming a complex of oxygen-containing compounds. The results
obtained during the study, the basis of competitive procedures extracorporeal detoxification of blood,
enabling the use of ozone therapy by direct connection of the patient to the unit, that is, a device
"artificial liver". These devices can be installed in hospitals or health centres for partially or
completely replaces the function of the liver in the recovery period after operation (Gromiko and
others 2001; Stolyarenko 2001, Gromyko & Stolyarenko 2003; Stolyarenko and others 2003). The
apparatus of extracorporeal blood detoxification are protected with the patent (Stolyarenko and others
2004).
The possibility of the use of ozone therapy in the fight against AIDS is also an issue.
6. Selective advantages method ozone-radical surgery is technology removal of malignant tumors
without the aid of traditional cold tools, the following:
• This technology does not require surgery, which reduces the risk to human health;
• When using this technology you can remove any cancer stage and species anywhere in the body;
• the procedure of removal of malignant tumors significantly safer for human health than the existing
ones;
• Post-operative recovery is much shorter and requires considerably less medical intervention. To do
this, basically, we need vitamin therapy and, in some cases, the diet;
• After removal of malignant tumor patient in a few hours (at the end of the anaesthesia) may be in a
shared room, not in the emergency room, as in conventional surgery;
• Post-operative recovery time is much shorter than with existing technology, which significantly
reduces the cost of treatment;
• The cost of all the equipment and materials needed are much lower than with chemotherapy and
surgery;
• requires much less staff than during surgery.
To carry out the ozone-radical removal of malignant tumors medical ozone generator, probes the
introduction and conclusion of the working solution, peristaltic pumps for the working solution,
oxygen tank or other source of oxygen saturation of the ozone reactor, reactor, a working solution are
needed.
For further development of the method it must pass the stage of animal experiments and clinical trials
on human organisms. It is needed to create instruments and apparatus of the ozone-surgical exposure,
develop and test the system probes for supplying reagents and exhaust solutions, to create special
surgical devices and video surveillance systems for the process of cell destruction - that is, create a
new clinical method for the selective destruction of cancer. These works are in urgent need of funding.
CONCLUSIONS
1. The main advantage of the method of research and development of ozone-radical surgery is that
found ways to control the concentration of oxygen ions and radicals in the complete suppression of the
activity of cells of malignant tumors, and the creation of conditions to minimize the impact of
oxidative apoptosis in normal cells.
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2. In order to restore the patient after the operation there is no need for complex rehabilitation course
of treatment, the method of ozone-radical surgery rightly called the method of "soft radiation" of the
human body.
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CRITICAL REFLECTIONS TO ENVIRONMENTAL LIABILITY DIRECTIVE
IMPLEMENTATION IN EU MEMBER STATES
Ilona Jancarova
School of Law, Masaryk University, Veve í 70, 611 80 Brno, Czech Republic

Abstract
Directive 2004/35/CE of the European Parliament and of the Council on environmental liability with
regard to prevention and remedying of environmental damage (ELD) entered into force on 30 April
2004. The EU Member States had three years to transpose the Directive into national law. Some
Member States had serious difficulties with its transposition and that is why the transposition of ELD
was completed by the last Member State by July 2010. Stakeholder and Practitioner Workshop
organized by the Commission on the implementation of the ELD at the end of 2011 confirmed the fact
that Directive is not applied very often and that there are some Member States without any experience
in application of environmental lability law in practice.
This contribution is focused on anticipated obstacles and difficulties in ELD implementation in EU
Memeber States, using the example of the Czech Republic. It is aimed at pointing out some reasons
having diminishing effect on application of environmental liability legislation; namely the reasons
such as existing legal framework, need to adopt ELD, lability for illegal behavior v. permitted activity,
financial security requirements, liability for environmental damage in case of insolvency, unclear and
complicated definitions, limitation to „new environmental damage“ and type and scope of preventive
and remedial measures are analyzed.
Key words: environmental liability; Environmental Liability Directive; EU environmental law; Czech
environmental law; EU law implementation; liability system;
1. INTRODUCTION
Directive 2004/35/CE of the European Parliament and of the Council on environmental liability with
regard to prevention and remedying of environmental damage (ELD) entered into force on 30 April
2004. The EU Member States had three years to transpose the Directive into domestic law. Some
Member States had serious difficulties with its transposition and that is why the transposition of ELD
was completed by the last Member State by July 2010. Before that, infringement procedure was
started against 23 Member States to bring them to compliance with the Directive. 10
On 12th October 2010, the Commission adopted a Report on the effectiveness of the EU
Environmental Lability Directive in terms of actual remediation of environmental damage and the
availability of financial security to cover environmental lability. By the end of 2011 experience was
still limited to few cases with some eceptions (for instance Poland). 11 Stakeholder and Practitioner
Workshop organized by the Commission on the implementation of the ELD at the end of 2011

10

European Commission: Report from the Commission to the Council, the European Parlament, the European Economic and
Social Committee and the Committee of the Regions, COM(2010)581 final, http://www.europa.eu/environment/ (accesssed
30 June 2012)
11

http://ec.europa.eu/environment/legal/liability /index.htm,(accessed 21 September 2011)
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confirmed the fact that Directive is not applied very often and that there are some Member States
without any experience in application of environmental lability law in practice.
The ELD is based on the "fundamental principle that an operator whose activity has caused the
environmental damage or the imminent threat of such damage is to be held financially liable, in order
to induce operators to adopt measures and develop practices to minimise the risks of environmental
damage so that their exposure to financial liabilities is reduced." 12 Even though it is aimed at
environmental protection and conservation, one can ask, if this Directive is able to fulfill its aim, and
moreover, whether the whole european environmental legislation is effective enough, if there is a
statement in the Preamble, that "the loss of biodiversity has dramatically accelerated over the last
decades and that the failure to act could result in increased site contamination and greater loss in the
future", despite the relatively broad and complex regulation that has already been establilshed. Since
the old contamination is excluded from the scope of the Directive according to Art. 17, another
question arises, if the regulation should not be preferably focused on the clean-up" of old
contamination, or at least on the common approach to the soil protection offered by the Soil Directive
proposal.13
According to Art. 18 of the Directive, Member States shall report to the Commission on the
experience gained in its appllication by 30 April 2013 at the latest. Without any ambitions to pursue
after this requirement, this contribution is focused on anticipated obstacles and difficulties in ELD
implementation in Member States, using the example of the Czech Republic. It is aimed at pointing
out some reasons having diminishing effect on application of environmental liability legislation.
2. OBSTACLES TO PROPER IMPLEMENTATION OF ELD
In the Report from the Commission to the Council, the European Parliament, the European Economic
and Social Committee and the Committee of the Regions 14, reasons for transposition delays are
identified and Commission attempts to designate reasons for relatively low numer of ELD cases.
Following problems will be dealt with from the Czech Republic as one of EU Member States point of
view:
1.

Existing legal framework.

2.

Need to adopt ELD.

3.

Lability for illegal behavior v. permitted activity.

4.

Financial security requirements and liability for environmental damage in case of insolvency.

5.

Unclear and complicated definitions.

6.

Limitation to „new environmental damage“.

12

Directive 2004/35/CE on environmental liability with regard to prevention and remedying of environmental damage,
(Official Journal L 143 , 30/04/2004 P. 0056 - 0075) Preamble (2)
13

Proposal for a Directive of the European Parliament and of the Council establishing a framework for the protection of soil
and amending Directive 2004/35/EC /* COM/2006/0232 final - COD 2006/0086 */,
http://eur-lex.europa.eu (accessed 30 September 2012)
14

Report from the Commission to the Council, the European Parliament, the European Economic and Social Committee and
the Committee of the Regions, COM (2010) 581 final, http://www.europa.eu/environment (accessed 30 June .2012)
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7.

Preventive and remedial measures.

2.1. Existing Legal Framework
In the Czech Republic, the existing legal framework had established a quite sufficient system of
liability relations after revolution in 1989. It consists of the administrative liability, criminal liability ,
civil liability and environmental liability (eg. liability for environmental damage). Primarilly, the
environmental liability was introduced by the Act on Environment of 199215. The former basic
concept of environmental liability was represented by the liability for ecological damage as a specific
part of private liability system. 16 According to this concept, the ecological damage was directed to
natural resources and ecosystems without regard to their ownership (including resources exempted
from property rights, such as water or wildly living animals). As such, the Czech law considered
ecological damage as a damage done to the whole society, not just to the owner of the land or other
privately owned natural resources. Moreover, the ecological damage liability was specifically intended
to cover situations when the damage was done by a person to its own property, which cannot be
remedied under traditional private law. The state and state authorities were expected to participate in
remedying the ecological damage in position of an injured party. The damage should be primarily
remedied by restoration of the environment to its former shape and, only if this was not possible,
complementary and compensatory measures were anticipated by the Czech Environmental Act and
other environmental laws.17
The private liability for damage caused by operational activities is generally regulated by Civil
Code18 (§ 420a) with some specifics encompassed in environmental laws (Water Act, Nature
Protection Act) due to public character of natural resources. The operator is strictly liable for damages
caused by its operation, without regard to fault or even without regard to breach of special
environmental laws (the liability for damage raised also in case the facility was operated in
compliance with requirements set in the permit and/or legal regulation). The injured party is usually
the owner of the natural resource or a person authorized to exploit it.
The administrative liability provisions, on the other hand, empower competent state authorities to
impose sanctions (e.g. fines and corrective measures, mostly as a penalty for illegal behavior).
Corrective measures, often accompanied by a fine, are usually directed to operation of polluting
activities and/or to quality of environmental component.
Damage to the water, soil, air or to other environmental components including especially protected
parts of nature is supposed to be sanctioned by jail or financial or other penalty under the Criminal
Code provisions as well. Corrective or remedial measures are not available to courts to be imposed in
criminal proceedings, but their imposition was left to administrative authorities which are entitled to
impose corrective measures without regard to criminal sentence.
The Environmental Liability Directive brought completely new concept of lability to the Czech legal
system. Because of its public character, it can be characterized as administrative liability related to
situations with a qualified consequence - e.g. environmental damage or its threat. Preventive measures
in cases of imminent threat of environmental damage and remedial measures can be thus considered as
penalties imposed by administrative authorities in administrative decision-making procedure to force
violators to come into compliance; they differ from fines representing mainly punishment for past
15

Act No. 17/1992 Coll., as amended

16

Ecological damage is defined in the Czech Act on Environment as " a loss or weakening of natural functions of ecosystems
which is created by a man activity which caused damage to their parts or disturbance of internal relations and processes."
17

For example Act No 254/2001 Coll., on Waters, as amended

18

Act No.. 40/1964 Coll., Civil Code (as amended) is effective till 2014.
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violation.19 According to Czech environmental laws in general, corrective/remedial measures can
have a character either as a sanction for previous illegal behaviour or they can be imposed as an
enforcement tool without previous breach of environmental law requirements. In this regard, Directive
is leaving the choice of the liability mechanism on Member States. It is necessary to stress, that Czech
legal regulation existing prior to ELD implementation enabled administrative authorities to impose
corrective/remedial measures under different environmental laws that were directed to protection of
environmental components without regard to existence of a qualified "environmental damage".
However, these measures imposition was so far not regulated sufficiently regarding to their type and
scope. (Jancarova, I., 2010, p.16)20 Annex II ELD specifies different ways of damage remediation
and remediation objectives depending on type of damage. Its transposition into the national law 21 is a
positive step forward because the basic framework for remedial/corrective measures was established.
Even though some sort of quidelines are anticipated to offer more detailed rules.
During the ELD transposition the legislator had to cope with the fact, that environmental liability is of
a limited scope. Not only there were difficulties in defining the operator of „occupational activitity“
delimiting the personal scope of ELD. The material scope of ELD is also limited to „environmental
damage“, which is defined in Art. 2(1) as damage to protected species and habitats, water damage and
land damage, mostly with refference to other secondary EU law. The environmental damage definition
was not difficult to introduce to national legal system; its application, however, seems to be quite
demanding, as mentioned later in the text.
The Directive limits the liability to 30 years following the event that caused the damage. (See more in
Jans, J., Vedder, H, 2012, p. 385-386) 22 Moreover, the temporal scope of ELD is restricted to damage
caused by an event taking place after 30 April 2007.23 In this regard, it does not provide Member
States with a tool applicable for the old contamination clean-up.
2.2. Need to Adopt ELD?
The ELD is focused mainly on activities dangerous to the environment and also on activities such as
discharge of waste water. All these activities are already regulated by stringent legislation at EU and at
national levels. One could anticipate that if the existing environmnetal legislation is effective, it should
prevent polluters to damage the environment at least in the future, including emergency situations
involving hazardous substances.
At the Stakeholder and Practitioner Workshop at the end of 2011, a presumption was raised that the
ELD is not applied sufficiently, which is supported by the practice showing the low occurence of cases
solved in its legal regime (with exception of Poland). Does it mean that other MS failed to implement
the ELD properly? Quite opposite, it may indicate, that the whole EU and Member States national
legislations are effective and capable to prevent damaging the environment!

19

One should distinguish between fines as sanctions for past violation and penalties representing enforcement of compliance
in the future. While fines might be considered to form a part of environmental liability, penalties should be better considered
as enforcement tool, as there is a choice between penalty, suspension of operation, temporary closure of a facility etc. See
also E. Rehbinder, Comments on Czech draft of Environmental Act , not published
20

Ilona Jancarova, "Opat ení k náprav v právu životního prost edí", in (2010) 16 Právní rozhledy, 575

21

The ELD was transposed to the Czech legal system by a special law (Act. No. 167/2008 Coll. on environmental liability
with regard to prevention and remedying of environmental damage) in 2008.
22

J.H.Jans, H.H.B. Vedder, European Enviromental Law - After Lisbon (4th edition, Europa Law Publishing 2012
Groningen) pp. 385-386
23

However, Directive does not apply to damage caused by an emission, event or incident which takes place subsequent to 30
April 2007 when it derives from a specific activity that took place and finished before the said date.
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Two basic approaches can be differentiated in environmental regulation in Czech Republic and EU
Member States, in general:
a) activity focused approach
b) state (quality) of the environment/environmental components.approach
ad a) Activity focused approach
The activity focused approach encompasses regulatory tools which are directed to persons operating
facility or carrying out some kind of polluting activity. Among those regulatory instruments belong
mainly emission limitation, other technical requirements, economic tools representing indirect form of
regulation, permits and/or approvals issued by competent administrative authorities, general and
specific duties (direct regulation) including monitoring, reporting, record keeping and other
requirements, such as emergency planning for hazardous activities etc. These duties and requirements
can be imposed either directly by the law or they can be imposed by decisions of competent authority
based on the law. The breaches of these regulatory requirements should be penalized by set of
administrative sanctions which can have either represive, reparatory or preventive effect. In this way,
operators are acquainted with their duties and with possible consequences if those duties are not
beeing observed. They know that if they fail to comply with regulations, the environmental authority
is entitled to fine such behaviour and/or impose some corrective measures, including prohibition of the
operation, and vice versa since administrative liability is based on a different approach in some states
in Northern Europe, where the notice of non-compliance is issued at first and corrective measures are
imposed to the polluter to bring its activity to compliance. Fines are usually imposed only if the
operator fails to do so in a given term.
As a part of administrative law, corrective measures are usually not specified by the law and the
environmental authorities have a large discretion powers here. Still it is obvious that the corrective
measures in practice are basically aimed at correction of operational problems and they are usually not
directed to possible environmental damage restoration.(Psutka, 2011,62)24 The seriousness of harmfull
consequences of illegal behaviour should be reflected in the height of a fine. For example, if an
incineration plant would emit polluting substances exceeding the emission limitation for the facility,
its operator may be fined and corrective measures may be imposed to him to cut emissions. However,
if a nearby forest was damaged due to the excessive air pollution originating from this source (causal
nexus must be proved), neither air protection authority nor other administrative bodies will solve
problem of the forest damage on the basis of general administrative liability. Thus, the liability for
damage to the forest can either have character of a civil liability and/or ecological, resp.
environmental damage liability or criminal liability as well. 25
The regulatory requirements and standards are set based on the principles of the best available
technique and high level of protection and if met they should ensure the environment would not be
damaged by present and future activities. It is necessary to notice that specific duties which are clearly
specified, are easily enforceable than general obligation such as "protect or not to pollute the
environment". Operations of hazardous activities are regulated by risk management and emergency
planning requirements along with the duty of the operator to have a financial insurence or other
financial security.

24

Psutka, J.: Odpov dnost za ekologické škody v ob anském právu, Wolters Kluwer R, a.s., Praha 2011, p. 62-63

25

Directive 2004/35 of the European Parliament and of the Council on environmental liability with regard to the prevention
and remedying of environmental damage does not cover so called "diffuse pollution". However, if a specific instance of air
pollution causes damage to water, land, protected species or natural habitats, then environmental liability legislation can be
invoked to demand that the polluter remedies the damage. In Questions and Answers Environmental Liability Directive,
MEMO/07/157, http://www.europa.eu/environment (accessed 30 June .2012)
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ad b) State (e.g. quality) of the environment/environmental components approach
The aim of this approach is to ensure a certain quality of environment and its components. It is
directed basically to land users and to state authorities which are in charge to control these activities
and the level of pollution of individual environmental components and environment as a whole. In
this regard, the preferable choice of national regulatory instruments encompasses maily the
environmental quality standards, (maximum concentration of pollutants in individual environmental
components), protected areas and/or areas with special protection requirements, conceptual
instruments (land-use planning, water planning etc.) and permits issued by competent authorities based
on the previously mentioned tools. The direct regulatory approach in form of permits and duties set for
individuals is directed not only to polluters, but to anybody.
When polluting activites are carried out in compliance with the rules directed to operational activity
and/or environmental quality, the environment will rather be polluted but not damaged, because the
level of pollution should not be detrimental. This should be ensured by competent environmental
authorities which are supposed to authorize the polluting activity with regard to existing state of the
environment in a given area at first and, at the second, necesserily with regard to plans and
programmes aimed at achievement of a required level of pollution. Thus, in permitting procedure
competent authorities should consider not only emission limitations and/or technical requirements
(Best Available Techniques), but at the same time, environmental quality standards and current state
(concentration of polluting substances) of each environmental recepient. It is important to stress the
significance of binding/non-binding character of the environmental quality standards for decisionmaking on the projected activity. In this regard, the environmental damage or its threat can result from
wrongfull decision making, beside others.
After their establishment and authorization, the environmental authorities are entitled to inspect the
operation of sources of pollution and to apply enforcement measures when necessary, including
corrective measures (see above).
Based on regulatory requirements related to quality of different environmental components,
competent authorities should not grant the development consent to proposed polluting activity which
is to be carried out in a heavily polluted region where the environmental quality standards are
permanently being exceeded and for which plans and programms are in place to reduce pollution. On
the other hand, polluting activity with an adverse effect on the environment should not be permitted in
especially protected areas even though the environmental components are in a very good shape there.
If the rules are not complied with, the situation is prone to result to some kind of environmental
damage. To envoke the environmental liability under the scope of the ELD there must be a qualified
damage to the environment wich is specified in a relatively narrow scope. As mentioned above, the
environmental damage can be caused either by illegal behaviour or by behaviour which is consistent
with operational requirements.
With the effective EU and national systems of environmental law in place, one can anticipate that no
environmental damage should occur if polluting activities will be carried out in compliance with
regulatory requirements and if regulation will be adequately enforced, which is the primary duty of
EU Member States. Low number of cases or no case solved in different Member states may not
indicate problems with ELD implementation but the fact, that EU law in these MS is functioning well.
Even if the ELD application is presumed mostly for emergency situations, the current domestic laws
contain sufficient rules and instruments to cope with it, which are based on EU regulations as well. In
respect to ELD it can be concluded, there was not too much space left for application of environmental
liability in the Czech Republic. As a consequence of this, the law must establish priority for its
application in relation to other environmental laws, to ensure its application in situations, when the
characteristics of environmental damage are fulfilled. Still, there was no such case so far.
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2.3. Liability for Illegal Behavior v. Permitted Activity
According to ELD, the liable party is in principle the "operator" who carries out occupational activity.
Operators who carry out certain dangerous activities, as listed in Annex III of ELD, are strictly liable
for environmental damage. Operators carrying out other occupational activities are liable for any
fault -based damage they cause to nature.26
In other words, beside fault-based liability, the ELD introduces strict liability for environmental
damage. This liability also arises in case of a permitted activity, without breach of conditions set in
the permit. It is a second safety network which protects the victim where the first safety network - the
permit procedure - has failed and environment was damaged contrary to the assumptions of the permit
agency.27 It is arguable that liability should/should not arise where an impairment of the
environment has been expressly permitted, in general. The ELD reflects this presumption by
introducing ununified approach to polluters. On one hand, it establishes fault - based liability for non
Annex III activities anticipating implicitly breach of the law. On the other hand, it does provide neither
for a harmonized approach in relation to liability of Annex III activities enabling Member states to
decide in their implementing legislation, whether polluters who comply with the conditions laid down
in a permit shall be required to bear the costs of restoration of the environment or not.
The permit defence and state- of the- art defence based on Art. 8(4)28 ELD would necessarily lead to
an increase of administrative work load and to number of probable law suits filed against
"compensatory" decisions. (L.Krämer, 2011,175)29 Moreover, the ELD allows for permit defence by
exonerating operators responsible for environmental damage that acted in compliance with an
authorization, whilst, at the same time, it fails to assign subsidiary responsibility to national
authorities to remedy damage caused as a result of evidently improper permitting. Further according
to Pal Wenneras, ELD could be challenged on the basis it fails to atttribute the responsibility for
pollution to any party and that Article 8(4) litra a and b violates the polluter pays and precautionary
principles.(P. Wenneras, 2007, 199)30
Another exclusion from the scope of ELD is related to damage to protected species and natural
habitats. As it comes out of environmental damage definition, "damage to protected species and
natural habitats does not include previously identified adverse effects which result from an act by an
operator which was expressly authorised by the relevant authorities in accordance with provisions
implementing Article 6(3) and (4) or Article 16 of Directive 92/43/EEC or Article 9 of Directive

26

Report from the Commission to the Council, the European Parliament, the European Economic and Social Committee and
the Committee of the Regions, COM (2010) 581 final, http://www.europa.eu/environment (accessed 30 June 2012)
27

E. Rehbinder, Comments on Czech draft of Environmental Act , not published

28

Art. 8(4): The Member States may allow the operator not to bear the cost of remedial actions taken pursuant to this
Directive where he demonstrates that he was not at fault or negligent and that the environmental damage was caused by:
(a) an emission or event expressly authorised by, and fully in accordance with the conditions of, an authorisation conferred
by or given under applicable national laws and regulations which implement those legislative measures adopted by the
Community specified in Annex III, as applied at the date of the emission or event;
(b) an emission or activity or any manner of using a product in the course of an activity which the operator demonstrates was
not considered likely to cause environmental damage according to the state of scientific and technical knowledge at the time
when the emission was released or the activity took place.
29

Regarding to Art. 8(4.a) Ludwig Krämer stated that "such a clause would practically introduce polluters´ liability for
negligence, as exceeding the conditions of a permit is normally due to a deliberate or negligent action" in Ludwig Krämer,
EU Environmental Law (7th edition, Sweet and Maxwell 2011 London) 175
30

Paul Wenneras, The Enforcement of EC Environmental Law, (first published 2007 Oxford University Press) 199, 206

302

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
79/409/EEC or, in the case of habitats and species not covered by Community law, in accordance with
equivalent provisions of national law on nature conservation."
In other words, damage to protected species and natural habitats is not considered to be the
"environmental damage" and thus it does not have to be remedied or compensated, if two conditions
are met:
-

the adverse effects were previously identified

-

the act by an operator was epressly authorized.

However, in practice, it is sometimes difficult to tell, if the adverse effects could be identified and
decision was wrong, or if there has been a substantial natural change in conditions after authorization
of the activity. The consequence of this are long-lasting and costly litigations.
It can be concluded that ELD does not harmonize the approach to liability for environmental damage.
Neither it is consistent in respect to activities carried out in compliance with legal requirements. The
Czech Republic have chosen the possibility to decide whether the operator would not bear the costs
based on the results of administrative procedure. This can contribute to increasing uncertainty of
operators and to increase in administrative work load and subsequent number of litigations.
2.4. Financial Security Requirements and Liability for Environmental Damage in Case of Insolvency
The success of environmental damage prevention and remediation will mostly depend on availability
of financial resources. As it comes out of the White Paper31 , insurability is most important to ensure
that the objectives of an environmental liability regime are attained. Even though the obligation to
apply some kind of financial security instruments has been already introduced for example in the field
of waste management, hazardous substances management, integrated prevention and pollution control
and others, the ELD does not provide for obligatory financial insurance or other financial guarranties.
According to Art. 14, Member States just shall take measures to encourage the development of
financial security instruments and markets, including financial mechanisms in case of insolvency.
The insolvency is the biggest problem in application of all kinds of corrective/remedial measures in
Czech Republic. It applies either to the environmental liability law or to existing and frequently
applied Water Act 32.
Primary duty to take preventive and remedial measures and to bear the costs rests on operators.
However, the ELD stipulates situations, when those measures may be taken by the competent
authority instead:
- if the operator fails to comply with obligations to take preventive and/or corrective measures (Art.
5.1 or 5.3(b) or (c) and 6.1 or 6.2(b), (c) or (d))
- if the operator cannot be identified
- if the operator is not required to bear the costs.
174)

33

In those cases, however, there is not any obligation on the public authorities.(L. Krämer, 2001,
The consequence of this is detrimental. If there is not obligatory financial security for

31

White Paper of 9 Febuary 2000 on environmental liability (COM(2000)66;
http://europa.eu/legislation_summaries/other/128107_en.htm (accessed 21 September 2011)
32

Act No. 254/2001 Coll. on Waters, as amended

33

Ludwig Krämer, EU Environmental Law, (7th edition, Sweet and Maxwell, 2011, London) 174
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operators34 at the national level, in case of their insolvency, the agencies are reluctant to take those
measures recognizing practically no chance to recover the costs. Without having adequate financial
resources, it is impossible for the agency to remedy the environmental damage. Therefore, some EU
Member States introduced obligatory financial security in their national legislations. The Czech
Republic is one of them, on the other hand, relatively broad exemptions of this duty were established
at the same time.
The lack of a mandatory financial security is often seen as a reason why polluter pays principle does
not work and it is considered as one of the major weaknessesof the Directive. 35 However, one has to
keep in mind that environmental damage is often caused by activities which are carried out illegaly
(without proper permit) or which are run by unknown operator. In such cases, even mandatory
financial security would not solve the problem, because it is not possible to impose this legal
requirement on illegally operated activities.
If the operator cannot be identified, the only way to ensure remediation is establishment of a specific
fund. On the other hand, if the responsible person can be identified, the agency is not allowed to take
preventive/remedial measures without trying to recover the costs, otherwise it could be considered as a
hidden form of subsidy. In case of insolvent operator, the enforcement measures could lead to
termination of the operation which is the ultimate solution that is generally not acceptable from the
social and economic point of view.
The problem of insolvency is relevant not only for the duty to take preventive and/or corrective
measures, but also for the overal functioning of the environmental liability procedure. To make the
operator to take those measures, it is necessary to determine, which operator has caused the damage
and which measures should be taken. In this regard, according to ELD the competent authority is
entitled to require the relevant operator to carry out his own assessment and to supply any information
and data necessary. Based on the polluter pays principle similarly, operators shall identify potential
remedial measures and submit them to the competent autohority for its approval, unless the competent
authority has taken action. If the operator is unsolvent and the agency does not have financial
resources available, the goals set by ELD would be fulfilled just in a formal way without substantial
positive effect on the environment. Remedial measures can even have negative effect on the
environment in itself which can be hardly identified without sufficient financing.
2.5. Unclear and Complicated Definitions
The problem of uncleared and complicated definitions has been criticized by many. 36 When
transposing the Directive, Member States do not have problem to rewrite, resp. to copy those

34

The Czech Environmental Liabiity Act (Act No. 167/2004 Coll. as amended) provides for obligatory insurance or other
type of financial security for Annex III activities. However, there are so many exemptions from this rule that in fact,
operators do not have to introduce those financial security in many cases under this law.
35

The Environmental Liability Directive: An Effective tool for its purpose? in Justice nad Environment 2012,

http://justiceandenvironment.org/publications/eld-2012, p. 32 (accessed 29 November 2012)
36

The material scope of the Environmental Liability Directive is limited to "environmental damage". The environmental
damage is along with other terms included in this definition defined in Art. 2:
1. "environmental damage" means: (a) damage to protected species and natural habitats, which is any damage that has
significant adverse effects on reaching or maintaining the favourable conservation status of such habitats or species.
The significance of such effects is to be assessed with reference to the baseline condition, taking account of the criteria set
out in Annex I;
Damage to protected species and natural habitats does not include previously identified adverse effects which result from an
act by an operator which was expressly authorised by the relevant authorities in accordance with provisions
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implementing Article 6(3) and (4) or Article 16 of Directive 92/43/EEC or Article 9 of Directive
79/409/EEC or, in the case of habitats and species not covered by Community law, in accordance with
equivalent provisions of national law on nature conservation.
(b) water damage, which is any damage that significantly adversely affects the ecological, chemical
and/or quantitative status and/or ecological potential, as defined in Directive 2000/60/EC, of the
waters concerned, with the exception of adverse effects where Article 4(7) of that Directive applies;
(c) land damage, which is any land contamination that creates a significant risk of human health being
adversely affected as a result of the direct or indirect introduction, in, on or under land, of substances,
preparations, organisms or micro-organisms;
2. "damage" means a measurable adverse change in a natural resource or measurable impairment of a
natural resource service which may occur directly or indirectly;
3. " protected species and natural habitats" means: (a) the species mentioned in Article 4(2) of
Directive 79/409/EEC or listed in Annex I thereto or listed in Annexes II and IV to Directive
92/43/EEC;
(b) the habitats of species mentioned in Article 4(2) of Directive 79/409/EEC or listed in Annex I
thereto or listed in Annex II to Directive 92/43/EEC, and the natural habitats listed in Annex I to
Directive 92/43/EEC and the breeding sites or resting places of the species listed in Annex IV to
Directive 92/43/EEC; and
(c) where a Member State so determines, any habitat or species, not listed in those Annexes which the
Member State designates for equivalent purposes as those laid down in these two Directives;
4. "conservation status" means: (a) in respect of a natural habitat, the sum of the influences acting on a
natural habitat and its typical species that may affect its long-term natural distribution, structure and
functions as well as the long-term survival of its typical species within, as the case may be, the
European territory of the Member States to which the Treaty applies or the territory of a Member State
or the natural range of that habitat;
The conservation status of a natural habitat will be taken as "favourable" when:
- its natural range and areas it covers within that range are stable or increasing,
- the specific structure and functions which are necessary for its long-term maintenance exist and are
likely to continue to exist for the foreseeable future, and
- the conservation status of its typical species is favourable, as defined in (b);
(b) in respect of a species, the sum of the influences acting on the species concerned that may affect
the long-term distribution and abundance of its populations within, as the case may be, the European
territory of the Member States to which the Treaty applies or the territory of a Member State or the
natural range of that species;
The conservation status of a species will be taken as "favourable" when:
- population dynamics data on the species concerned indicate that it is maintaining itself on a longterm basis as a viable component of its natural habitats,
- the natural range of the species is neither being reduced nor is likely to be reduced for the foreseeable
future, and
- there is, and will probably continue to be, a sufficiently large habitat to maintain its populations on a
long-term basis;
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definitions to their national legislation. Problems arise when they have to incorporate EU legislation
requirements to the existing national legal orders with all those exemptions and two-level protection
rules and when they have to impelemt it.
The most serious problems arise with application of such definitions. Not only it is difficult to reach
the decision if the decision-making officer does not exactly understand the terms. Moreover, agencies
may be reluctant to apply the law which is based on unclear and complicated definitions because their
decisions are to be easily appealed and final decisions are very often - and often successfuly brought
to court. Therefore they prefer to avoid this situation which contributes to low application of ELD.
2.6. Limitation to"New Environmental Damage"
ELD limits it temporal application in Art. 17.37 As follows it, the temporal scope is restricted to
damage caused by an event taking place after 30 April 2007, the deadline for implementation.(J.Jans,
H.Vedder, 2012, 385-386)38 Thus ELD does not apply to so called "old/historical contamination".
Even though this provision is clearly understandable, in practice it could cause substantial difficulties.
There are many sites that had been contaminated in the past and after the environmental liability law
came into effect, operators of Annex III activity are contributing to existing contamination. The
environment is damaged, however it is almost impossible to differentiate whether the envitronmental
damage was caused by activity carried out before 30 April 2007 or afterwards. In such cases, it is very
difficult to apply legislation implementing ELD and if it was not for other national legislation, the
damage would probably remained untreated.
2.7. Preventive and Remedial Measures
The ELD essentially obliges national authorities to ensure that preventive and remedial measures are
taken by operators who caused environmental damage or its threat, based on the information obtained
from them. As it follows from Articles 5(4) and 6(3) that authorities are not obligated to take
preventive or remedial measures if the operator fails to take the requisite measures to prevent or
remediate environmental damage, if the operator cannot be identified, or is not required to bear the
costs under the directive, so the environment may be left untreated (See above). However, authorities
may be required to take corrective measures based on other directives requirements.(P.Wenneras,
2007,142-143)39
Selection and realization of preventive and remedial measures is a core element of environmental
liability. While preventive measures should be taken by the operator without previous decisionmaking procedure, remedial measures are to be approved and/or determined by competent authority in

5. "waters" mean all waters covered by Directive 2000/60/EC;
37

Directive 2004/35/CE Art. 17: Temporal application

This Directive shall not apply to:
- damage caused by an emission, event or incident that took place before the date referred to in Article 19(1),(e.g. by 30 April
2007)
- damage caused by an emission, event or incident which takes place subsequent to the date referred to in Article 19(1) when
it derives from a specific activity that took place and finished before the said date,
- damage, if more than 30 years have passed since the emission, event or incident, resulting in the damage, occurred.
38

J.H.Jans, H. Vedder, European Enviromental Law - After Lisbon (4th edition, Europa Law Publishing 2012 Groningen) pp.
385-386
39

Art. 4(4) of Directive 79/409/EEC; Art. 6(2) and 6(4) of Directive 92/43/EC; Art. 4(6) litra d of Directive 2000/60/EC; in
Paul Wenneras, The Enforcement of EC Environmental Law, (first published 2007 Oxford University Press, 2007) 142-143
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previous procedure involving persons referred to in Art. 12(1) and land owners. The most appropriate
remedial measures are to be chosen according to a common framework contained in Annex II ELD. 40
Since the preventive action must be taken only in case of an imminent threat of environmental
damage, both preventive and remedial measures can be considered as a sort of general corrective
measures which serve as a basic legal instrument in the Czech legal order. According to Czech
environmental law, corrective measures may always be imposed in case of illegal behaviour and,
under specific circumstances, they can be used as a direct command-and -control instrument and not
only as a sanction for illegal behaviour.
According to the Czech Constitution, the state is supposed to take care about the natural heritage
protection and sustainable use of natural resources.41 This obligation is implemented by inspection
and other enforcement activities carried out by different administrative bodies which are entitled to
impose corrective/remedial measures. ELD transfers this burden also to private sector instead of
concentrating on strenghtening and improving of enforcement of environmental laws including
inspection activities and state supervision.
Under the system set up by Articles 6 and 7 of Directive 2004/35,42 as a rule, it is for the operator
who caused the damage to put forward proposals for the remedial measures which it considers
appropriate to the situation. It is contestable to anticipate that "in view of the knowledge which the
operator is deemed to have as regards the nature of the damage to the environment caused by his
activities, such a system may enable appropriate environmental remedial measures to be identified and
implemented swiftly". 43 This provision does not seem to beeffective, since operators would probably
propose remedial measures the least expensive and the most convenient for them, not for the damaged
environment. Moreover, the most convenient solution for competent authorities is to approve their
proposal, since officers very often lack knowledge, equipment and money to follow criteria set in
Annex II, resp. to find the best remedial measures for the environment. The only anchor in this
situation is participation of NGOs and other persons involved in decision making procedure, however,
even their opinions may not always represent the best choice for the environment.
Moreover, Article 7(2) of Directive 2004/35 provides that the competent authority is to decide which
remedial measures are to be implemented in accordance with Annex II to the directive, and do so with

40

Directive 2004/35/CE on environmental liability with regard to the prevention and remedying of
environmental damage envisages different remedial measures depending on the type of damage; soil can be
usually decontaminated and this is why Directive demands decontamination of soil untill it no longer poses any
significant risk to human health. Regarding damage to protected species and natural habitats as well as water,
the competent authorities have discretion in deciding which measures the responsible operator has to take,
considering remedial options available to restore the damaged natural resources either on the spot or elsewhere.
When deciding between these options, the authorities have to consider various factors. These include the effect
on each option on public health and safety, benefits for the overal environment, costs and implementation time,
the likelyhood of success, the possibility of future and collateral damage, distance to the damaged site, and
social, economic and cultural concerns and other relevant factors specific to the locality. But the remedial
measures have to compensate adequately for the environmetal damage caused.
41

Act No. 1/1993 Coll., Art. 7.

42

Art. 7(1): Operators shall identify, in accordance with Annex II, potential remedial measures and submit them
to the competent authority for its approval, unless the competent authority has taken action under Article 6(2)(e)
and (3).
43

Joined Cases C 379/08 and C 380/08, Raffinerie Mediterranee (ERG) SpA (C-379/08), Polimeri Europa SpA,

Syndial SpA (Reference for a preliminary ruling) (2008), (2008/C 301/26) http://eur-lex.europa.eu (accessed
15 December 2012)
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the cooperation of the relevant operator, as required. The competent authority must have appropriate
discretionary powers to assess the significance of the damage and to determine which remedial
measures should be taken. However, for that purpose, Annex II to the Directive sets out a number of
factors considered relevant by the legislature, which must therefore be taken into account by the
competent authority, although the implications of those factors for the authority in a specific instance
of pollution are not stated. A decision on the choice of an environmental remedial option adopted by
the competent authority should be supported by a detailed examination of the situation in the light of
the criteria set out at Section 1.3.1 of Annex II to Directive 2004/35 otherwise it could lead, contrary
to the objectives laid down in the directive, to an inappropriate assessment of the significance of the
damage and/or the remedial measures which should be taken.
The problem with the quality of remedial measures was addressed by the Court of Justice of EU. In
joined Cases C-379/08 and C-380/08 the Court ruled that " Articles 7 and 11(4) of Directive
2004/35/EC of the European Parliament and of the Council of 21 April 2004 on environmental
liability with regard to the prevention and remedying of environmental damage, in conjunction with
Annex II to the directive, must be interpreted as permitting the competent authority to alter
substantially measures for remedying environmental damage which were chosen at the conclusion of a
procedure carried out on a consultative basis with the operators concerned and which have already
implemented or begun to be put into effect."44 In this regard the statement that measures were chosen
in the procedure carried out on a "consultative basis" is quite important. This is not a legal term and
Member States may transpose the Art. 7(2) requirement45 in a different way, mostly that the remedial
measures are determined by the decision issued in administrative procedure in which the operator has
position of a participant entitled to raise comments and objections during the procedure and to appeal
the administrative decision. Nevertheless, the final decision on remedial measures is an authoritative
act and participants to the administrative procedure do not have to agree with it. As follows from the
court decision mentioned above46 , "the competent authority must ensure that it is in fact possible, as a
result of the option finally chosen, to achieve the best results from an environmental point of view,
without thereby causing the operators concerned to incur manifestly disproportionate costs by
comparison with those they had or would have had to incur in connection with the first option chosen
by that authority. However, such considerations are irrelevant where the authority can demonstrate
that the option originally chosen was, in any event, inappropriate for the purpose of restoring,
rehabilitating or replacing damaged natural resources and/or impaired services, for the purpose of
Article 2(11) of Directive 2004/35."

44

However, in order to adopt such a decision, the competent authority:

- is required to give the operators on whom such measures are imposed the opportunity to be heard, except where the urgency
of the environmental situation requires immediate action on the part of the competent authority;
- is also required to invite, inter alia, the persons on whose land those measures are to be carried out to submit their
observations and to take them into account; and
- must take account of the criteria set out in Section 1.3.1. of Annex II to Directive 2004/35/CE and state in its decision the
grounds on which its choice is based, and, where appropriate, the grounds which justify the fact that there was no need for a
detailed examination in the light of those criteria or that it was not possible to carry out such an examination due, for
example, to the urgency of the environmental situation.
45

Art. 7(2) The competent authority shall decide which remedial measures shall be implemented in accordance with Annex
II, and with the cooperation of the relevant operator, as required.
46

Joined Cases C 379/08 and C 380/08, Raffinerie Mediterranee (ERG) SpA (C-379/08), Polimeri Europa SpA,

Syndial SpA (Reference for a preliminary ruling) (2008), (2008/C 301/26) http://eur-lex.europa.eu (accessed 15 December
2012)
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3. CONCLUSIONS
Directive 2004/35/CE of the European Parliament and of the Council on environmental liability with
regard to prevention and remedying of environmental damage was - beside Directive 2008/99 on the
protection of the environment through criminal law - the first one adopted into EU environmental law
with the aim to harmonize liability regimes in EU Member States. Both Directives are demanding
substantial changes in liability systems in some Member States, however, the final effect of both
seems to be rather small, even though the need for harmonized regulation in this field is obvious and
basically corresponds to initiatives which arose on the international law level.47
The principle idea of ELD is to achieve restoration of the environment. Since the environment is a
public good, public authorities were entrusted with this task (at least in the position of supervisors) and
the whole procedure is based on the polluter pays principle.
Even though Lugano Convention has not come into effect yet, still it had influence on development of
liability system in the Czech Republic. ELD represents a further step forward by providing for detailed
criteria for environmental damage assessment and guidelines for remedying environmental damage,
since administrative liability provisions are very fragmented and corrective measures impositions are
not regulated in respect to their content at all.48 On the other hand, it brought substantial difficilties in
relation to its incorporation to the existing Czech legal order by shifting the environmental liability
from the civil liability system, to which it was formally a special part, to the public law system.
This contribution is dealing with possible reasons for limited appliaction while using the example of
the Czech Republic. Some obstacles to effective application at domestic law were identified,
however, the most serious obstacle to harmonized application in EU Member States can be seen in
unclear and complicated definitions, numerous exemptions, possibilities for Member States to provide
for different national provisions and absence of a special fund at national level to provide financial
resources in cases when preventive/remedial measures are taken by the agency.
The author´s opinion is that liability for environmental damage must be an unavoidable part of liability
system in each Member State national environmental law. Implementation of ELD requirements,
however, is problematic and in some aspects, it does not provide for effective harmonized approach. It
can be concluded that ELD does not ultimately require Member States to remedy environmental
damage. It is aimed at harmonizing the duty to take preventive and/or remedial measures to a certain
point, however, its goal is not to heal a sick environment.
The environmental damage is often caused by illegal (not permitted activities) and the problem of
insolvency of such persons as well as businesses which the mandatory financial security is not related
to remain unsolved. Therefore, instead of introducing a complicated environmental liability system at
the European level, for the sake of the environment, it would be more effective to apply existing
legislation properly and, most importantly, to strenghten its enforcement. At the same time, more
attention should be devoted to old (historical) contamination at the European continent and to its
clean-up, which is excluded from the scope of the ELD.

47

Convention on Civil Liability for Damage Resulting from Activities Dangerous to the Environment, and Convention on the
Protection of Environment through Criminal Law http://conventions.coe.int/Treaty/en/Treaties/ (accessed 10 December
2012)
48

Before enactment of the Act. No. 167/2008 Coll. on environmental liability with regard to prevention and remedying of
environmental damage which was aimed at transposition of the ELD, the Czech environmental law enabled competent
administrative authorities to impose corrective measures in relation to protection of all environmental media and in respect to
all activities influencing their quality. However, detailed regulation regarding to specification of those measures was missing.
At the same time, the liability for environmental damage (to natural resources) was perceived as a special special part of civil
law liability.
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On the other hand, law number of cases solved under environmental liability regime may express that
EU legislation supplemented by domestic environmental law provides for sufficient system of legal
instruments to protect the environment. If the rules were kept, no environmental damage would occur.
The occurence of "new environmental damage" thus may indicate uneffective enforcement of
environmental law.
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Abstract
According to several authors, the abandoned man-made sites as f. e. old garbage dumps can support
diversity of the soil fauna within the intensively used farmland or urbanized areas. To asses the effect
of waste management on epigeal macrofauna and Carabidae diversity, the research was carried out
within the four sites in proximate vicinity of the municipal garbage-dump in Svinia, Eastern Slovakia.
There were confirmed occurrence of 16 epigeal macrofauna orders, 26 Coleoptera families and 69
species of Carabidae including several significant species. The communities of dump reclaimed parts
shoved the highest measure of diversity on the order and Coleoptera families level, and on the
Carabidae species level the comparable to those of semi-natural habitats. The researched garbage
dump does not have significantly negative effect on epigeal macrofauna, by contrast, the reclaimed
dump parts under spontaneous succession support diversity and survival of stenotopic soil fauna and
rare Carabidae species.
Key words: epigeal macrofauna orders, Coeloptera families, Carabidae species, garbage dump
1. INTRODUCTION
With the growth and development of human civilization, so called "man-made sites" become a
permanent and integral part of the environment. Many animal species have adapted to these artificial
habitats. Within the intensively used farmland and urbanized areas, these habitats often become refuge
for rare and endangered species of plants, animals and their coenoses Ruži ková et al. (1996). Such a
sites are analogues of natural habitats. Survival of some highly specialized animal groups in the
current period is caused just through colonization of artificial habitats by communities, which
originally inhabited exclusively natural habitats. Artificial ecosystems become an important element
for the survival of huge part of the world's biodiversity Eversham et al. (1996). Attention of ecologists
only recently focused on research of human-influenced habitats and their study has been accepted as a
genuine part of the proper Ecology. To the non-native, artificial, man-made sites belong also legal as
well as illegal waste dumps and their reclaimed parts under different stages of vegetation succession.
Concerning environmental conditions and spatial structure, waste dumps represent highly diversified
habitats. Present organic waste become a potential food source for a wide range of animal species,
inert material creates shelters and affect the microclimatic conditions. Just for these reasons, waste
dumps could represent attractive environment for a wide range of soil fauna Magura et al. (2004). In
relation to soil fauna, current research from Slovakia and Czech Republic confirmed old municipal

311

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
waste dump as important refuge for ants, forest and steppe fauna within the urban environment and as
a places, where the rare animal species can naturalize (Šteffek, 2006; Wiezik, 2006). However, waste
dumps were equally evaluated as a potential source of invasive and introduced fauna and flora Šteffek
(2006). Waste dumps could in relation to the surrounding industrial land play an important role as
naturally valuable areas which support the survival of the species, whose occurrence is rated as
significant Moravec and Voni ka (2000). The existence of sites, which promote survival of highly
diversified and thus fully functioning soil community is essential condition to the maintenance of soil
ecosystem functions. The various groups of soil fauna play an important role in the process of
fragmentation and decomposition of dead organic material, formation of organo-mineral complexes
and humus carbon sequestration accumulation, stabilization and mineralization of soil organic matter
(Rajchard et al. 2002; Špaldo ová and Frouz 2011; Frouz, 2011) and thus supporting the basic
elements and energy flow. Decline in abundance or the total absence of certain groups in the
community may significantly slow down the above mentioned processes Frouz et al. (2007).
2. MATERIAL AND METHODS
Material of epigeal macrofauna and ground beetles were collected using formaline pitfall trapping
across totally four Sites of legal municipal garbage dump near Svinia village, Eastern Slovakia: Site
n.1 – body of active dump (traps were placed as near as possible to the deposed garbage), Site n.2,
Site n.3 – reclaimed parts of dump under different stages of vegetation succession, Site n.4 –
comparative biotope – woody vegetation, grass fields and arable land adjacent to the garbage dump
as dominant type of biotope surrounding researched garbage dump. Completely 12 traps were exposed
from beginning of May till half of October in growing season 2011. Material were picked up in three
week´s period. Obtained material was sorted. Orders were determined according to Buchar et al.
(1995) and taxonomically sorted according to Franc (2005). Beetles were then determined to family
level according to H rka (2005) and Carabidae family to species level according to H rka (1996).
Numbers of individuals encaptured across particular study Sites and evaluating indexes for
communities were determined too using statistical software PAST version 1.87b (Hammer at al.,
2001)
3. RESULTS AND DISCUSSION
By the regular material sampling, there were obtained total of 8866 epigeal macrofauna specimens.
There were confirmed occurrence of 16 epigeal macrofauna orders, 26 Coleoptera families and 69
Carabidae species.
The highest number of orders and specimens were assigned for Site n.4, the lowest for Site n.3. In
opposite, the highest diversity as well as evenness on order level were assigned just for community of
Site n.3., the lowest for community of Site n.1. As the dominant orders, Coleopera, Hymenoptera
Araneida and Isopoda were determined. Significant was also high number of leafhoppers encaptured
across Site n.2 and Site n.3, as well as earwings across Site n.3. Also significant was high number of
stone centipedes and harvestmens encaptured just across Site n.2 (Table 1).
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Table 1. Epigeal macrofauna orders, number of encaptured specimens and evaluating indices of
epigeal macrofauna communities of particular study Sites.
Site n. 1

Site n.2

Site n.3

Site n.4

Coleoptera

1330

708

484

927

Hymenoptera

744

198

177

1030

Araneida

363

308

176

678

Isopoda

129

179

54

157

Auchenorrhyncha

69

102

113

36

Dermaptera

36

17

157

19

Lithobiomorpha

29

122

26

40

Opilionidea

4

116

49

29

Orthoptera

5

22

39

4

Polydesmida

1

5

10

30

Julida

1

1

Lumbricida

10

7

1

20

Heteroptera

12

6

5

8

43

Stylomatophora

1

14

Glomerida

5

8

Geophilomorpha

2

sum

2733

1797

1291

3045

Taxa_S

13

15

12

16

Individuals

2733

1797

1291

3045

Dominance_D

0.332

0.219

0.205

0.260

Shannon_H

1.386

1.844

1.887

1.610

Simpson_1-D

0.668

0.781

0.795

0.740

Equitability_J

0.541

0.681

0.760

0.581

The highest number of Coleoptera families as well as beetle specimens were assigned for Site n.1,
lowest number of families for Site n. 4, lowest number of beetle specimens for Site n. 3. In opposite,
the highest diversity as well as evenness on Coleoptera families level were assigned just for
community of Site n.3., the lowest diversity for community of Site n.4 and lowest evenness for
community of Site n.1. As the dominant families Carabidae and Staphylinidae families were
determined. Significant was also high number of weevils and pill beetles encaptured across Site n.1
and Site n.3 (Table 2).
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Table 2. Coleoptera families, number of encaptured specimens and evaluating indices of beetle
communities of particular study Sites.
Site n. 1

Site n.2

Site n.3

Site n.4

Carabidae

856

480

340

529

Staphylinidae

279

110

33

320

Curculionidae

62

23

50

19

Byrrhidae

38

14

4

3

Chrysomelidae

8

32

6

11

Cryptophagidae

13

18

4

7

Apionidae

22

2

8

4

Dermestidae

18

7

5

Leiodidae

2

Monotomidae

13

1

1

18
50

Scarabeidae

1

2

4

Coccinelidae

2

3

8

Elateridae

1

2

10

Nitidulidae

4

1

5

Histeridae
Hydrophilidae

1

3

Anthicidae

3

2

Corticariidae

3

2
2

Silphidae
Scraptiidae

5
1

1

Oedemeridae
Scydmaenidae

1

6

1
2

2

Cantharidae

1

Endomychidae

1

Lampyridae

1

Phalacridae

1

sum

1330

708

484

970

Taxa_S

20

18

17

13

Individuals

1330

708

484

927

Dominance_D

0.462

0.488

0.510

0.446

Shannon_H

1.204

1.211

1.233

1.068

Simpson_1-D

0.538

0.512

0.490

0.554

Equitability_J

0.402

0.419

0.435

0.416

The highest number of Carabidae species were assigned for Site n.2, lowest for Site n.3. The highest
number of ground beetle specimens were assigned for Site n.1, lowest for Site n.3. The highest
diversity as well as evenness on Carabidae species level were assigned for Site n.4, lowest for Site
n.3. As the dominant ground beetle species, Pseudoophonus rufipes, Harpalus affinis, Pterostichus
melanarius and Anchomenus dorsalis were determined. Significant was also high number of Cylindera
germanica encaptured across Site n.3. The species Ophonus sabulicola, Ophonus parallelus , Amara
majuscula, Asaphidion pallipes and Broscus cephalotes were found only across the dump Sites, at the
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Site n.4 within the comparative biotope they absent at all. The species are known as rare, scarce and
endangered (Table 3).
Table 3. Carabidae species, number of encaptured specimens and evaluating indices of ground beetle
communities of particular study Sites.
Site n. 1

Site n.2

Site n.3

Site n.4

Pseudoophonus rufipes

244

Harpalus affinis

155

140

6

27

61

92

Pterostichus melanarius

47

65

30

52

Anchomenus dorsalis

146

16

1

29

Cylindera germanica

8

16

79

4

Poecilus cupreus

34

18

7

22

Carabus violaceus

10

13

34

20

Chlaenius nitidulus

3

16

40

Abax parallelus

4

1

44

Abax parallelepipedus

6

4

1

31

Carabus granulatus

9

6

3

22

Brachinus crepitans

21

4

Bembidion properans

9

18

1

7

Pterostichus niger

2

1

2

29

Calathus fuscipes

9

1

22

Clivina fossor

7

1

1

Anisodactylus binotatus

7

20

Harpalus distinguendus

24

5

1
16

Harpalus latus

7

1

Platynus assimile

2

2

Agonum muelleri

18

1

Carabus convexus

2

Molops piceus

2

2

Anisodactylus signatus

17

3

Nebria brevicolis

4

Carabus coriaceus

2

14

23
3
5
18
2

19
17
2

14

1

15

Pterostichus nigrita

17

Leistus ferugineus

3

5

Pterostichus strenuus

2

4

8

Amara ovata

1

2

9

Bembidion quadrimaculatum

10

Amara fusca

5

2
11

Amara aenea

7

2

1

Amara similata

5

1

1

3

2

8

Harpalus luteicornis
Pterostichus anthracinus

2

Amara communis

2

Ophonus parallelus

6
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Bembidion lampros
Amara majuscula

6
3

1
3

Bembidion guttula

6

Carabus cancellatus

1

4

Pterostichus vernalis

1

1

Trechus quadristriatus

6

Broscus cephalotes

2

2

5

Loricera pilicornis

3

Notiophilus palustris

1

3

Amara bifrons

1

3

Acupalcus meridianus

2

2

Amara aulica

2
3

Harpalus tardus

1
1

Amara proxima
Ophonus sabulicola

1

1

1
1

2

1

1

Asaphidion pallipes

1

1

Calathus melanocephalus

2

Carabus hortensis

2

Carabus scheidleri

2

Harpalus rubripes

2

Microlestes minulutus

2

Panagaeus cruxmajor

2

Poecilus versicolor

2

Pterostichus oblongopunctatus

2

Stomis pumicatus

1

Agonum gracilipes

1
1

Asaphidion flavipes
Harpalus puncticeps

1
1

Platyderus rufus

1

Synuchus vivalis

1

Trichotichnus laevicolis

1

sum

856

480

340

529

Taxa_S

45

48

31

43

Individuals

856

480

340

529

Dominance_D

0.151

0.130

0.156

0.049

Shannon_H

2.495

2.718

2.307

3.269

Simpson_1-D

0.849

0,870

0.844

0.952

Equitability_J

0.656

0.702

0.672

0.869

4. CONCLUSIONS
In spite of the fact, that garbage dumps are in generall found to be threath to environment, on the base
of the results obtained within this study it could be concluded, that concerning epigeal macrofauna and
ground beetle community, study dump does not seem to have apparent detrimental effect on the soil
fauna community. In opposite, found of the some Carabidae species just across the dump Sites only
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confirm the role of reclaimed parts of dump as abandoned man-made sites by survival of rare, scarce
and endargered ground beetle species and stenotpopic epigeal macrofauna groups.
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Abstract
This paper shows the results of seed disinfection using electrons and stimulations caused by a
electromagnetic field with a extremely low frequency (EMF ELF). Experiments were performed on
three sunflower hybrids Velja, NS-H-111 and Kraisnik. The necessary seed was first disinfected using
electrons, and then just before sowing it was stimulated by a electromagnetic field with extremely low
frequencies from 0 to 100 Hz. In addition to electrons, a chemical product Dividend (a control option
for electron disinfection) was used in the process of disinfection. The seed that was not disinfected
served as a control sample in all treatments during the experiment.
Treatments using electron seed disinfection in combination with electromagnetic field with extremely
low frequencies gave higher sunflower yields than treatments with a combination of chemical
disinfection (Ch), individually and on average. The treatment of seeds by electrons had a higher oil
yield compared to chemical disinfection, the increase was 78 kg/ha, or 5.6%.
Key words: sunflower, electron seed disinfection, electromagnetic field with extremely low
frequencies
1. INTRODUCTION
The growth of standard and population on our planet inevitably leads to an increase in need for food
and energy. At the same time, the reserves of fossil fuels, the main source of energy of modern
mankind, are constantly diminishing. Man started producing biofuels in order to compensate their
shortage. Today, cultivating rapeseed, sunflower, soy and corn for production of biofuels has a
significant place in agriculture. In EU, on average, 10 % of arable land is used for cultivating plant
species that are used for various technical purposes, most of all for biofuel production. In Serbia, that
would mean that an area of 300.000 ha should be used for production of biofuel (Tešic et al., 2008).
Tim Rice, biofuel advisor from Action Aid and the author of latest report of the impact of biofuel
production on developing countries said: „ The more you include corn and wheat into the circle of
biofuel production, the higher the prices of food will be. We predict that by this rate, by year 2020,
hundreds of millions of people will be hungry. “ (Rice, 2010). At the same time, around 12 million
hectares of arable land is lost every year due to urbanisation, erosion, salinization, abrasion...
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Conventional agricultural production can hardly keep up with the rising demand of modern mankind.
This means that certain efforts should be made in order to find new technical and technological
solutions that will allow achieving high and stable yields.
This paper focuses on currently available solutions (the stimulations of seed by using electrons and the
effect of electromagnetic field with extremely low frequencies on seed). The both methods are
subjects of experimenting in area of biophysics.
All radiations can be divided according to the source of their formation into natural and artificial.
Natural sources of radiation include ultraviolet radiation, visible light, infrared radiation, geomagnetic
fields, cosmic radiation and certain amounts of radioactive radiation which depend on the amounts of
radioactive materials in surrounding area. Artificial sources are tied to human activities and they
include: X-rays, electrical radiation, laser radiation as well as the increase of radioactive radiation.
Monitoring the effects of all these types of radiations is very complex. However, it is proven that
radiation in low dosage and under certain conditions can have a positive effect on growth and
development of living organisms (Aksyonov, 2001; Phirke et al., 1996).
Various positive effects that different types of radiation possess, are important for agricultural
production in order to increase the yield of cultivated plant species. (Grzegorz et al., 2006; Gieroba et
al., 1995). Electromagnetic treatment of seed directly activates enzymatic complex ( amylase) in
plants, and also helps the overcoming of resistance during the energy and matter transport in plant
(Marinkovi et al., 1999; Kazuhiko et al., 1999). This way energy is saved and the consumption of
organic matter is lower, which contributes to higher yields and improving the quality of plant
products.
The use of chemicals for disinfection today is a inevitable procedure in process of seed preparation for
sowing. During the last few years, a ecologically more favorable, alternative procedure called »e
disinfection« (Jahn et al., 2005; Cutrubins, 2005). This method allows the destruction of pathogens
that are located on seeds surface or in seed coat. The benefits are numerous: no spraying is needed,
there is no toxic dust and pathogen resistance, the remaining seeds can be used as feed, and it is a more
economical as well as a more ecological method.
2. MATERIAL AND METHOD
A field experiment was conducted on the fields of Institute of Field and Vegetable Crops in Rimski
Sancevi. The experiments were conducted on a soil type chernozem, in 4 repetitions. During the
experiments, the effect of seed disinfection by using chemicals and electrons was tested, as well as the
stimulation of seeds by electromagnetic field with extremely low frequencies (EMF ELF). Along
individual effects of these treatments, their combinations were also tested. Three sunflower hybrids
were tested (Velja, Kraisnik and NS- H-111), and the variants of experiments were the following:
1.) Ø - Control (seed without any disinfection),
2.) Ch – Seed disinfected by chemicals,
3.)
Ch+EMP ENF – Chemical seed disinfection, combined with electromagnetic seed
stimulation,
4.) e - Seed disinfection by electrons,
5.) e+EMP ENF - Seed disinfection by electrons + electromagnetic seed stimulation
Seed disinfection by electrons was done first, and seed stimulation by electromagnetic field was done
just before sowing.
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Seed disinfection by electrons is based on the ability of the electron to impact the seed surface, without
damaging the germ. Depending on the pathogen penetration depth, the penetration depth of electrons
through seedling is being determined. The penetration depth is being regulated by the electrons
amount of energy during transmitting; the depth can be regulated by increasing or lowering the energy.
The EMF ELF method was done with the help of the following equipment: energetic source,
frequency generator and a transmitting device (antenna). The optimal frequency was determined in a
laboratory, through several series of micro experiments, before the main experiment was set up.
Chemical product Dividend (variant Ch) was used for chemical seed disinfection.
After the seed was subjected to the treatment, sowing was done in optimal time, and all cultural
practices were conducted in a timely manner and in the same time on all variants. The results were
processed by ANOVA, like split plot design.
3. EXPERIMENT RESULTS
There were significant statistical differences in hybrid Kraisnik between e + EMF ELF, Ø, EMF ELF
and e (873 kg/ha, 637 kg/ha and 396 kg/ha). The combination of chemicals (Ch) and electromagnetic
field with extremely low frequencies (Ch+EMF ELF) in hybrid Kraisnik gave a higher yield than a
treatment solely consisting of chemicals, with a difference of 101 kg/ha. With the same hybrid, using
Ch+EMF ELF treatment, a lower yield was achieved compared to the combination of biophysical
method by 217 kg/ha.
Table 1: Seed yield
Treatments
Variety

Average

Ø

EMF ELF

Ch

e

Ch+ EMF
ELF

e + EMF ELF

Velja

1963

2450

2510

2884

2900

2982

2615

NS-H-111

2267

2528

2680

2910

3044

3330

2793

Kraismik

2479

2715

3034

2956

3135

3352

2929

Average

2236

2564

2741

2917

3026

3221

Double
Average:

H and H+EMP
ENF

e and e+EMP
ENF

H and e

H+EMP ENF and
e+EMP ENF

2884

3069

2829

3107

LSD

A

B

AxB

BxA

005

231

185

326

331

001

348

267

488

441

With Velja hybrid a yield lower by 374 kg/ha was achieved, when using the chemical treatment
compared to e disinfection, which statistically is significant. An even bigger difference was recorded
between chemical seed disinfection and the combination of chemicals and electromagnetic field
(CH+EMF ELF) and it was 390 kg/ha. With Velja hybrid the highest yield was achieved by using the
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electron seed treatment and electromagnetic field (2982 kg/ha). This treatment gave a 82 kg/ha
sunflower seed yield higher than the combination Ch+EMF ELF.
Seed yield at NS-H-111 was higher when using treatment e+EMF ELF instead of combination
Ch+EMF ELF by 286kg/ha.. Electron seed disinfection gave a higher yield than chemical disinfection
by 230 kg/ha which is not a significant statistical difference. From a production point of view, a
increase of 230 kg/ha is significant.
Table 2. The percentage of oil content in seed
Treatments
Variety

Average

Ø

EMF
ELF

Ch

e

Ch + EMF
ELF

e + EMF ELF

Velja

44,87

44,93

45,30

45,29

45,37

45,46

45,20

NS-H111

52,20

52,30

52,25

51,97

52,91

52,84

52,41

Kraisnik

47,90

47,81

48,10

47,81

48,19

48,05

47,98

Average

48,32

48,35

48,55

48,36

48,82

48,78

Double
Average:

Ch and Ch+EMF
ELF

e and e+EMF
ELF

Ch and e

Ch+EMF ELF and
e+EMF ELF

48,69

48,57

48,45

48,80

LSD

A

B

AxB

BxA

005

3,90

1,98

4,60

5,17

001

5,88

4,12

6,35

6,89

Table 3. Oil yield
Treatments
Variety

Average

Ø

EMF ELF

Ch

e

Ch + EMF
ELF

e + EMF ELF

Velja

881

1101

1137

1306

1316

1356

1183

NS-H-111

1183

1322

1400

1512

1611

1760

1465

Kraisnik

1187

1298

1459

1413

1463

1611

1405

Average

1084

1240

1332

1411

1463

1575

Double
Average:

Ch and Ch+EMF
ELF

e and e+EMF
ELF

Ch and e

Ch+EMF ELF and
e+EMF ELF

1398

1493

1371

1519

LSD

322

A

B

AxB

BxA

005

112

90

159

161

001

169

130

237

214
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At NS-H-111 hybrid higher oil content in sunflower seed was achieved with Ch+EMP ELF treatment
than Ch seed disinfection, by 0,66%. Biophysical combination method (e+EMF ELF) gave a higher
percentage of oil compared to chemical treatment, by 0,59%. Treatment with electromagnetic field
with extremely low frequencies (52,30%) gave a higher percentage of oil in seed compared to
chemical disinfection (0,05%).
Treatment e+EMF ELF at Velja hybrid gave a higher percentage of oil compared to Ch+EMF ELF
treatment by 0,09%. Treatment Ch+EMF ELF gave a higher percentage of oil (45,37% compared to
chemical disinfection by 0,07%. None of the above mentioned differences is statistically significant.
With Kraisnik sunflower hybrid, by using chemicals combined with electromagnetic field with
extremely low frequencies (Ch+EMF ELF), a higher oil content was recorded, compared to chemical
disinfection, by 0,09%. Treatment combination e+ EMF ELF gave a higher oil content percentage
compared to the individual treatments by electrons and with electromagnetic field with extremely low
frequencies by 0,24%. Electromagnetic field and electron seed disinfection had the same oil
percentage of 47,81%.
Biophysical combination treatment (e+ EMF ELF) at Velja hybrid gave a higher oil yield compared
with combination Ch+EMF ELF (1316 kg/ha) by 40 kg/ha. Treatment Ch+EMF ELF gave a higher oil
yield compared to chemical seed disinfection by 179 kg/ha, which is a significant statistical difference.
Chemical sunflower seed disinfection gave a significantly lower yield than electron disinfection, by
169 kg/ha.
The highest recorded yield at Kraisnik hybrid was achieved by biophysical combination treatment
(1611 kg/ha). Compared to Ch+EMF ELF treatment, biophysical combination (e+EMF ELF) had
yields higher by 148 kg/ha. Treatment e+EMF ELF gave a significantly higher oil yields compared to
electron sunflower seed disinfection (198 kg/ha) and treatment with electromagnetic field (313 kg/ha).
In the case of NS-H-111 hybrid, the difference between individual biophysical treatment (EMF ELF
and e) and their combination (e+EMF ELF) was 438kg/ha or 248 kg/ha. These were significant
statistical differences. Treatment e+EMF ELF gave a 149 kg/ha higher oil yield than the double
combination and Ch+EMF ELF. The combination of chemicals and electromagnetic field with
extremely low frequencies (Ch+ EMF ELF) gave a higher yield compared to chemical treatment, by
211 kg/ha. Electron seed disinfection gave a higher yield compared to chemical disinfection, by 112
kg/ha.
4. ONCLUSION
The use of EMF ELF treatment increased the sunflower yield compared to Ø, individually (Velja 487
kg/ha, NS-H-111 261 kg/ha and Kraisnik 236 kg/ha), as well as on average for all three hybrids (328
kg/ha).
The use of e+EMF ELF treatment gave higher seed yields, in all three examined sunflower hybrids
(Velja, NS-H-111 and Kraisnik), compared to treatment combination Ch+EMF ELF (82 kg/ha, 286
kg/ha and 217 kg/ha).
On average, electron seed disinfection contributed to yield increase compared to chemical treatment
by 176 kg/ha.
The use of chemicals with Velja hybrid resulted in an increase of yield compared to electron treatment
by 374 kg/ha, and with NS-H-111 by 230 kg/ha.
Biophysical combination in Velja hybrid, e+EMF ELF had higher percentage of oil compared to the
Ch+EMF ELF treatment, by 0,09%.
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The use of EMF ELF treatment with NS-H-111 hybrid increased the percentage of oil compared to
chemical disinfection by 0,05%
The NS-H-111 hybrid, treated with e+EMF ELF gave the highest oil yield (1760 kg/ha). Slightly
lower yield, under the same treatment, was recorded in Kraisnik hybrid (1611 kg/ha), and the lowest
one was at Velja hybrid (1365 kg/ha).
The Ch+EMF ELF treatment gave a higher oil yield compared to individual use of chemicals and
electromagnetic field with extremely low frequencies, with all three examined hybrids.
Electron seed disinfection gave a higher oil yield compared to chemical disinfection, by 79 kg/ha.
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Abstract
A Multi-domain Chemical Weather Forecast System is created and run operationaly at Bulgarian
National Institute of Meteorology and Hydrology, results presented in respective web-site. In the
paper, description of the system and its operation will be given.
Key words: Air Pollution Modeling, Meteorological Modeling, Emission Inventory, GIS
1. INTRODUCTION
The Air Quality (AQ) is a key element for the well-being and quality of life of European citizens.
According to the World Health Organization, air pollution severely affects the health of European
citizens. There is increasing evidence for adverse effects of air pollution on the respiratory and the
cardiovascular system as a result of both acute and chronic exposure. In particular, a significant
reduction of life expectancy by a year or more is assumed to be linked to long-term exposure to high
air concentrations of particulate matter (PM). 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, e.g. the Ozone daughter
directive 2002/3/EC (European Parliament, 2002), requires informing the public on AQ, assessing air
pollutant concentrations throughout the whole territory of Member States and indicating exceedances
of limit and target values, forecasting potential exceedances and assessing possible emergency
measures to abate exceedances. For the purpose, modeling tools must be used in parallel with air
pollution measurements. The goals of reliable air quality forecasts are the efficient control and
protection of population exposure as well as possible emission abatement measures. In last years the
concept of “chemical weather” arises and in many countries respective forecast systems are being
developed along with the usual meteorological weather forecasts (see, for instance, Sofiev at al., 2006,
Poupkou et al., 2008a, 2008b, Monteiro et al., 2005, San Jose et al., 2006, and others).
Air pollution easily crosses national borders. It would be cost-effective and beneficial for citizens,
society and decision-makers that national chemical weather forecast and information systems were
networked across Europe. For the purpose several projects in the European Framework Programs
(GEMS, PROMOTE, MEGAPOLI, MACC, PASODOBLE etc.) as well as the COST Action ES0602
“Towards a European Network on Chemical Weather Forecasting and Information Systems“) were
launched aiming at providing a forum for harmonizing, standardizing and benchmarking approaches
and practices in data exchange and multi-model capabilities for air quality forecast and (near) real325
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time information systems in Europe. It is supposed to examine existing, and work out new solutions
for integrating the development efforts at national and international levels. One can find several CW
systems’ (performance and descriptions) in Action web-portal
(http://www.chemicalweather.eu/Domains).
Bulgaria joined the COST Action ES0602 from its very beginning. This participation invoked a
project supported by the National Science Fund with the Bulgarian Ministry of Education, Youth and
Science. Its main purpose was to create a Prototype of Bulgarian Chemical Weather forecast and
information system (BgCWFIS v.1) intended to provide timely, informative and reliable forecasts
tailored to the needs of various users (see Syrakov et al. 2009, 2012). Later on, partly in the frame of
EU FP7 project PASODOBLE (“Promote Air Quality Services Integrating Observations –
Development of Basic Localized Information for Europe”) new versions of the system (v.2 and v.3)
were elaborated with downscaling of the service to resolution of 1 km over Sofia city. Here, the
version 2 of BgCWFIS will be described and its end-user products will be presented.
2. MODELS USED
BgCWFIS is designed in a way to fit the real-time constraints and to deliver forecasts for the next 3
days on an hourly basis. US EPA Models-3 air quality modeling system is used, here, consisting of:
CMAQ v.4.6 - Community Multi-scale Air Quality model, http://www.cmaq-model.org/,
Denis et al. (1996), Byun and Ching (1999), Byun and Schere (2006), the Chemical Transport Model
(CTM);
WRF v.3.2.1 - Weather Research and Forecasting Model, http://www.wrf-model.org/,
Skamarock et al. (2005), the meteorological pre-processor to CMAQ;
SMOKE v.2.4 - Sparse Matrix Operator Kernel Emissions Modelling System,
http://www.smoke-model.org/, Coats and Houyoux (1996), Houyoux and Vukovich (1999), CEP
(2003), the emission pre-processor to CMAQ.
In the System, WRF is driven by the NCEP GFS (Global Forecast System) data that can be accessed
freely from http://www.ftp.ncep.noaa.gov/data/nccf/com/gfs/prod/. This data is global weather
forecast in GRIB-2 format with space resolution of 1° 1° and 6-hour time resolution. The
downloading of this data is invoked automatically every day at 00:00Z. 84-hour run starting at 12:00Z
of the previous day is performed; the first 12 hours of this period being spinning-up followed by a 3day weather forecast. The chemical weather forecast duration is from 00:00Z of the current day to
00:00Z of the forth day after (3-day forecast).

Fig 1a. Domains of BgCWFIS, ver.2.1: WRF (blue) and CMAQ (red) domains.
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Fig 1b. Domains of BgCWFIS, ver.2.2: WRF (blue) and CMAQ (red) domains.
3. MODEL DOMAINS
The nesting capabilities of WRF and CMAQ are used to downscale the forecasts from European
region to Sofia-city area. The resolution of the mother domain (Europe) is 81 km, big enough as to
correspond to the GFS met-data resolution. Four other domains are nested in it and in each other –
Balkan Peninsula (27 km resolution), Bulgaria (9 km), Sofia district (3 km) and Sofia city (1 km) as
shown in Fig. 1a,b.
In version 2 of BgCWFIS, climatic data is used for chemical boundary conditions at the mother
domain (Europe) following the presumption that the errors introduced by this assumption will
decrease quickly to the center of the region due to the continuous acting of the pollution sources. All
other domains receive their boundary conditions from the previous domain in the hierarchy. For the
sake of convenience, the web-output of this version of the System is divided to two parts – ver.2.1
(Europe – Balkans – Bulgaria, http://info.meteo.bg/cw2.1/) and ver.2.2 (Bulgaria – Sofia_district –
Sofia_city, http://info.meteo.bg/cw2.2/).
3. INFORMATION FLOW
The models indicated above are linked with a number of Linux scripts and interface programs in a way
to be able to pre-calculate the future level of many air pollutants for every System’s domain. The data
flow diagram is presented in Fig.2.
The Models-3 elements are denoted by white boxes on the diagram, the blue boxes present the
different kinds of input information. Those are: the meteorological numerical forecast that drives the
meteorological pre-processor of the System (WRF) downloaded from NCEP’s GFS data web-site; the
climatic values of a number of air pollutants used as chemical boundary conditions for the mother
domain (Europe) that do not change with time; the emission inventory data for 2005 provided by
TNO, Netherlands (Denier van der Gon et al., 2010), gridded according to the System’s domains, and
the respective five sets of land-use data (USGS data base, http://landcover.usgs.gov/). The land use
data is extracted by WRF pre-processing module. The brown boxes present FORTRAN programs
aimed at emission input modeling of Area Sources (AS) and Large Point Sources (LPS), as well as
data post-processing (extracting, archiving, image processing).
The data exchange in the System is denoted with arrows. The color arrows show the data exchange
between computational domains, while the black arrows – the data exchange inside each one of the
domains. Shortly, the WRF outputs feed MCIP (Meteorology-Chemistry Interface Processor) module
of Models-3 system; MCIP prepares the meteorology input to CMAQ which is used also by SMOKE
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for calculating Biogenic Sources (BgS) emissions on the base of the respective LandUse data. The
gridded inventory data (AInven, PInven) feeds AEmis and PEmis programs that produce the
respective AS- and LPS-emission files. SMOKE is used once more to merge AS-, LPS- and BgS-data
in a common emission input to CMAQ. Finally, the CMAQ output is post-processed in a way to
extract the most important pollutants, to archive them, to produce hourly images with concentration
distribution of 4 key pollutants (NO2, SO2, Ozone and PM10) and to upload them to the respective
web-sites. These procedures are repeated for all 5 domains of the system in the next order: WRF,
MCIP, AEmis, PEmis, SMOKE (BgS and merge), CMAQ, post-processing. Meanwhile, WRF and
CMAQ produce boundary condition files to be used by the inferior domains. The WRF and CMAQ
mother domains take boundary conditions from GFS-data and climatic chemical profiles of CMAQ,
respectively.

Fig 2. BgCWFIS, ver.2, information flow diagram. The white boxes presentModels-3 elements, the
blue ones – input data, and the brown ones – specific pre-and pos-processing routines. The blue arrows
denote the transfer of meteorological boundary conditions between the domains and the red arrows –
the chemical boundary conditions. The black arrows show the exchange of information between the
System’s elements in each separate domain.
4. METEOROLOGICAL MODELLING
The Weather Research and Forecasting (WRF) Model is a next-generation mesocale numerical
weather prediction system designed to serve both operational forecasting and atmospheric research
needs. It is an evolutionary successor to the MM5 model. The creation and further development of
WRF is due to the collaborative efforts of several US institutions like NCAR, NOAA, NCEP and
others. The WRF is a fully compressible and non-hydrostatic model with terrain-following hydrostatic
pressure coordinate. The grid staggering is the Arakawa C-grid. One can find more info on
http://www.wrf-model.org/index.php. Free download can be made on
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http://www.mmm.ucar.edu/wrf/users/download/get_sources.htm.
In BgCWFIS, WRF-ARW (Advanced Research WRF), version 3.2.1, is exploited. The vertical
structure is of 27 levels. The Analysis Nudging option (Four-Dimensional Data Assimilation, Stauffer
and Seaman, 1994) is switched on for the first computational domain, only, i.e. WRF forecast is
nudged to the meteorological driving data (GFS).
WRF-ARW offers multiple physics options that can be combined in any way. Here, well-tried
schemes are used, namely:
Physics Options

Parameterization

Microphysics

WSM6 scheme (Hong and Lim, 2006)

Cumulus Parameterization

Kain-Fritsch scheme (Kain, 2004)

Planetary Boundary Layer

YSU scheme (Hong et al., 2006)

Longwave Radiation

RRTM scheme (Mlawer et al., 1997)

Shortwave Radiation

Dudhia scheme (Dudhia, 1989)

Land Surface Model

NOAH LSM scheme (Chen and Dudhia, 2001)

The coupling of a meteorological and chemical transport models is not a trivial issue. Since almost all
meteorological models are not built for air quality modeling purposes, interface processing is needed.
Such an element in Models-3 system is MCIP (Meteorology-Chemistry Interface Processor). Here,
MCIP v.3.6. is applied. MCIP deals with issues related to data format translation, diagnostic
estimations of parameters not provided by WRF (like dry deposition velocities for various species),
extraction of data for appropriate window domains, and reconstruction of meteorological data on
different grid and layer structures. As far as WRF-ARW and CMAQ are concerned, both utilize the
Arakawa C-grid and conformal map projections; no special horizontal interpolation is required. MCIP
may modify the vertical structure by interpolation between WRF layers. The sigma-levels of CMAQ
in this application are 14:
= 1.0, 0.993, 0.99, 0.98, 0.965, 0.945, 0.91, 0.86, 0.8, 0.74, 0.65, 0.55, 0.4, 0.2, 0.0
5. EMISSION MODELLING
CMAQ demands its emission input in specific format reflecting the time evolution of all pollutants
accounted for by the chemical mechanism used (CB-IV in this case). Emission inventories are used as
row data for anthropogenic emission processing. The inventories are made on annual basis for big
territories; many pollutants are estimated as groups (VOC and PM2.5 for instance). Preparation of
emission input to a Chemical Transport Model requires emission processing. Such emission
processing component in EPA Models-3 system is SMOKE but it is partly used, here, because its quite
strong relation to US emission sources specifics. In BgCWFIS, SMOKE is used only for calculating
BgS emissions and for merging AS-, LPS- and BgS-files into a CMAQ emission input file. The area
source emissions and the large point source emissions are prepared by the interface programs AEmis
and PEmis.
Inputs to AEmis and to PEmis are the respective gridded AS- and LPS-inventories. For the moment,
TNO inventory for 2005 (Denier van der Gon et al., 2010) is exploited for the two senior domains
(Europe and Balkans). For Bulgarian domains the national inventory for 2010 as provided by
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Bulgarian Executive Environmental Agency is used. The TNO produced several sets of inventories for
different years. The anthropogenic sources in this inventories are distributed over 10 SNAPs (Selected
Nomenclature for Air Pollution) classifying them according to the processes leading to harmful
material release into the atmosphere (EMEP/CORINAIR, 2002).
The 2005 TNO inventory has resolution of 0.125° 0.0625° (about 7 8 km). It is distributed as a
comma- or tab-delimited text-file. Each line of the file contains data for a single source, namely the
mesh coordinates, the country, the type of source (A/P), the SNAP, and the yearly emissions of 8
pollutants. The SNAP 7 (road transport) is presented as 5 sub-SNAPs. The pollutants are: methane
(CH4), carbon oxide (CO), nitric oxides (NOx), sulfur oxides (SOx), non-methane volatile organic
compounds (NMVOC), ammonia (NH3), Particulate Matter with d<10 m (PM10) and Particulate
Matter with d<2.5 m (PM2.5).
As already stated, the inventory data can not be used directly as emission input to CTMs. Three
operations must be applied to this data, preliminary: gridding, temporal allocation (imposing of time
variations on the yearly values) and speciation (splitting of group pollutants to several simpler or lump
pollutants).
The gridding is recalculation of the inventory data to the grids used (5 grids with different resolution,
here). A web-based GIS system is created for the purpose. The TNO data is introduced in the system.
Number of so-called custom grids can be defined on the base of the standard grid description
(projection type, central point coordinates, mean meridian, distances to the grid origin, number of
points, resolution). The system recalculates the inventory quantities for each cell for each type of
source. Additional functionalities of the system are introduced linked to the Bulgarian inventory. A
specific feature of this inventory is that the data for SNAP 1-6 is attributed to particular sources with
there coordinates. For SNAP 7-10 total country amounts of the released pollutants are available. First
is the possibility of the GIS-system for aggregation of SNAPs 1-6 to the custom grids. In contrast,
SNAP 7-10 inventory data is disaggregated to the same grids using different geometric elements
(surrogates). For instance, SNAP 7 (Road transport) is disaggregated by HighWays (15%),
RoadsClass1 (25%), RoadsClass2 (20%) and TownStreets (40%). SNAP 8 (Non-road transport) uses
Airports (45%), RoadsClass2 (20%), RailRoads (25%), AgricultureAreas (10%). For SNAP 9 (Waste
disposal) the surrogates are Population (50%) and WasteAreas (50%). Finally, SNAP 10 (Agriculture)
is distributed according to AgricultureAreas (30%) and Pastures (70%). It is worth to mention that
new surrogates can be added to the system and used in the disaggregation. The share of each surrogate
can be changed, too.
The temporal allocation is made on the base of temporal profiles, provided by TNO (Builtjes et al.,
2003). They are used also in both AQMEII exercises (http://aqmeii.jrc.ec.europa.eu). According to the
anthropogenic activity the profiles are divided into three groups – Monthly, Weekly, and Hourly
profiles. The first two are country-, SNAP- and pollutant-specific; the hourly factors refer to the local
time and are SNAP-specific only. Together with them, TNO provides a vertical profile for large point
sources that is SNAP-specific.
The speciation profiles are elaborated on the base of US EPA ones
(http://www.epa.gov/ttn/chief/emch/speciation/) using the expert approach. Coincidence between
main US sources with European SNAPs is obtained first. The weighted averages of the respective
speciation profiles are accepted as SNAP-specific splitting factors, weights being the percentage of
contribution of every source type in total emission in particular SNAP. In such a way VOC, PM2.5,
NOx and SOx speciation profiles are derived. It must be noticed that the choice of US source types
and the weights of their contribution to the respective SNAP emissions are quite subjective. Much
more work is needed to elaborate country-specific profiles.
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The gridded inventories are input to the emission processing programs AEmis and PEmis, where the
remaining two procedures are applied. In PEmis, vertical allocation takes place as well. Both programs
produce respective emission file. The AEmis output is 2-dimensional, the PEmis one – 3-dimentional.
Both outputs are in IO/API NetCDF format and contain hourly data for all forecast period.
The biogenic emissions are prepared by SMOKE by the BEIS-3.13 mechanism (Schwede et al., 2005)
on the base of the gridded LandUse data. SMOKE merges the 3 emission files in a common CMAQ
emission input – hourly data in NetCDF format.
6. OPERATIONAL PERFORMANCE OF BgCWFIS
Fourteen -levels with varying thickness determine the vertical structure of CMAQ. The Planetary
Boundary Layer (PBL) is presented by the lowest 8 of these levels.
The CMAQ v.4.6 input consists of various files containing concentration, deposition, visibility and
other variables. The concentration output is a NetCDF file with 3-D hourly data for 78 pollutants, of
which: 52 gaseous, 21 aerosols (Aitken and accumulation modes), 5 aerosol distributions (3 by
number, 2 by aerosol area).
The last box in Fig. 1 (upper-right) tags the post-processing that is quite important making BgCWFIS
results visual. First of all the post-processing program XtrCON extracts part of the pollutants for
archiving and further handling. Only surface values of the most important 17 pollutants are saved – 8
gases and 9 aerosols. Part of these pollutants is more or less monitored and they are referred in the
European legislation with the respective thresholds. It must be mentioned that the sum of all aerosol
compounds forms PM10 that is usually measured. The coarse particle matter (CPRM) is one of the
saved aerosol compounds, so PM2.5=PM10–CPRM is also calculated and archived as separate
pollutant. All this data is stored in a respective archive file.
As to make the results of BgCWIS operation public, specialized web-site was created on the NIMH
server (http://www.meteo.bg/en/cw/). For the moment it presents 4 main pollutants – Ozone, NO2,
SO2 and PM10. It is fed by images created using the PAVE software package
(http://www.ie.unc.edu/cempd/EDSS/pave_doc/index.shtml). PAVE supports its own meta-language
that allows drawing plots in an automatic way by invoking the respective scripts.
In Fig.3, an example of BgCWFIS web site is displayed. A particular pollutant is invoked by clicking
in the list at the left side of the page. Note, that together with hourly ozone concentrations, two types
of ozone daily maxima can be visualized.
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Fig 3. Example of BgCWFIS web site.
The region of forecast can be chosen by clicking on one of the small images on the right. In the center
of the page hourly concentration field of the chosen pollutant is situated. Putting the mouse cursor on
one of the points from the point column on the right side of the image invokes the forecast field for the
respective hour. Putting the cursor over “Play” invokes animation of the forecast. Under each
pollutant’s view, respective thresholds according to Bulgarian legislation (harmonized with European
one) are shown. At the bottom of pollutants list a link to a pdf-file with description of Bulgarian
Chemical Weather Forecast and Information System, version 2, is placed.
7. CONCLUSION
The Bulgarian Chemical Weather Forecast and Information System is designed on the base of US
EPA Models-3 System: MM5 (meteorological pre-processor), SMOKE (emission pre-processor) and
CMAQ (Chemical Transport Model). The meteorological input to the system is the NCEP Global
Forecast data. At this stage, the emission input exploits the high resolution inventory for year 2005
produced by TNO, The Netherlands. The Bulgarian national emission inventory for 2010 is used as
well. The system is realized on 5 nested domains with increasing resolutions.
At the moment, the system is running automatically once a day (00Z). The forecast period is 3 days
(72 hours). The results of each System’s run are post-processed in a way to archive the most important
pollutants. Part of these pollutants is visualized as sequences of maps giving the evolution of the air
quality over Europe and Bulgaria and can be seen on the system’s web-site
(http://www.meteo.bg/cw/).
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SOIL MICROBIAL ECOPHYSIOLOGICAL RESPONSE ON PRESCRIBED BURNING:
HETEROTROPHIC RESPIRATION RATE AND MICROBIAL BIOMASS
Svetlana Yu Evgrafova and Ivan V Kosov
V.N. Sukachev Institute of Forest SB RAS, 660036, Krasnoyarsk, Akademgorodok 50/28, Russia

Abstract
The effects of three fire intensities on soil microbial biomass and soil heterotrophic respiration rate
were measured in a field experiment on pure grass-green moss pine stands 40-45 years old, in the
forest steppe of Central Siberia (Krasnoyarsk region, Russia). By the kinetic method of biomass of
heterotrophic microorganisms and the intensity of the heterotrophic respiration rate of soil before and
after the fire was determined. Ground fires depending on the fuel loads reduces the microbial biomass
as well as heterotrophic respiration rate of litter and do not affect or increase the heterotrophic
respiration rate in upper mineral soil horizon.
Key words Prescribed fires, Pine stands, Soil, Heterotrophic respiration rate, Microbial biomass,
Central Siberia
1. INTRODUCTION
The role of the soil microbial biomass in nutrient cycling after forest fires remains uncertain (Wuthrich
et al., 2002). There have been few studies of the direct effects of forest fires on soil microorganisms;
notable exceptions include Vilarino and Arines (1991) and Rashid et al. (1997). The heat during a fire
may kill soil microbial biomass in the surface soil. Growth curves of microorganisms in closed
systems, the ‘‘static cultures’’ of Schlegel (1985), suggest that this decline is followed by a ‘‘lagphase’’, in which the microbial biomass recovers in size only very slowly. After a fire the nutrients
released from the microbial biomass are likely to be removed from the ecosystem by leaching and
runoff, but an increase in microbial biomass after fire could limit the losses of nutrients such as N and
P.
This research is a part of study the steadiness of pine ecosystem to prescribed burning simulating
ground fires of different burn intensities. Prescribed burning simulating ground fires low and moderate
intensity on the two test areas on 0.4 ha of pure grass-green moss and dead cover pine stands 40-45
years old, in the Krasnoyarsk forest steppe of Krasnoyarsk Krai (Central Siberia, Russia) were
conducted. Specifically, the aim of this work is to study the effects of burning on soil heterotrophic
respiration rate and microbial biomass at different fire intensities (fuel loads).
2. EXPERIMENTAL DESIGN AND METHODS
2.1. Experimental design
The experimental area was separated into tree sites according the fuel load presence. Forest floor of
Site 1 composed of pure grass-green moss (60%) and dead cover (40%). Fuel load here was 1.77 kg m2
. The forest floor of Site 2 composed of pure grass-green moss (40%) and dead cover (60%) with 0.48
kg m-2 of fuel load content. The forest floor of Site 3 was dead covered with rare grass-green moss
(12%), with 2.41 kg m-2 of fuel load content.
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During the fire flame height, the speed of progress of border fire, the temperature of tree trunks and
soil were fixed, the intensity of the impact of the convective heat flux of the fire on the tree crowns
were measured by thermocouple sensors installed in the lower part of the crown.
Soil and surface temperatures were measured during the fire experiment using a thermistors in the soil
at two depths (fuel (litter), and 3 cm of mineral layer). After the fire, large amounts of ash covered the
soil surface (Fig. 1).

Fig. 1. An experimental area view after prescribed fire.
2.2. Soil sampling
Three sampling areas were randomly selected at each experimental plot. One soil sample (litter, 0–5
cm depth, and 5-10 cm depth) was collected before the prescribed burning, second soil sample same
design was collected immediately after fire, third soil sample were taken 5 month (Site 1), 4 month
(Site 2), and 3 month (Site3) after the fire at each sampling area. Subsamples for heterotrophic
respiration rate and microbial biomass estimation have been stored at 4ºC before analysis.
2.3. Determination of microbial biomass and heterotrophic respiration rate
Heterotrophic respiration was estimated from CO2 emission rate from soil samples incubated at 23º
and 60% moisture content during 24 hours. Biomass of heterotrophic microorganism was determined
by addition into substrate extra amount of D(+)glucose, (NH4)2SO4, and K2HPO4 CO2 released during
first two hours was converting to microbial carbon: µg CO2 – C g soil-1 h-1 (Anderson and Domch,
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1978; Sparling, 1995). CO2 release during the incubation experiments detected using gas
chromatograph Agilent 6890N configured with FID and methanizer (Hewlet-Packard, USA).
3. RESULTS
3.1. Prescribed fires characteristics
Prescribed fires were conducted in June, 1; June, 28 and July, 31. During the fire, fuel bed temperature
in Site 1 area was lowest, in Site 2 the maximal. In addition, time to maximum temperatures was
different. In the soil at 3 cm depth, maximum temperatures remained below 41°C (Table 1).
Table 1
Temperatures registered by the thermistors during the fire experiments

Site
Site 1
Site 2
Site 3

Depth, cm

Temperature, °C

Time to maximum

Initial

Max

temperature, min

+ 5 (fuel bed)

23

63

4

-3

17

36

24

+ 5 (fuel bed)

22

326

10

-3

20

41

18

+ 5 (fuel bed)

33

240

4

-3

29

37

19

Fig. 2. Heterotrophic respiration rate (HR) and microbial biomass (MB) before and after the fire in soil
of Site 1.
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3.2. Heterotrophic respiration rate and microbial biomass
There were no clear differences in soil microbial biomass (MB) between the three sites before the
burning experiment. MB content characterized about 120 µgC g-1 in litter, and from 10 to 30 µgC g-1
in 0-10 mineral soil layer. Heterotrophic respiration rate (HR) varied from 130 to 145 µgC-CO2 g-1 h-1
in litter, and from 3 to 12 µgC-CO2 g-1 h-1 in 0-10 mineral soil layer (Figures 2, 3, 4). Variability
coefficient of MB in litter was 20%, same in soil 16-37 %. Variability coefficient of HR in litter
ranged between 29-33%, and between 21-38% in soil.
After the burning experiment litter HR decreased into 1.5-6.5 times. Flame at Site 2 almost burnt litter
and HR here was the lowest. At Site 1 and Site 3 depending on litter moisture there were litter remains
when HR decreased into 1.3-1.5 times. There were no changes in HR values in mineral soil of Sites 1
and 2, while at Site 2 HR decreased after the fire.
MB content in litter, after the fire, decreased into 2.5-3 times (per gram of substrate) at all three sites.
Forest floor of Sites 2 and 3 burned unevenly, and MB variability coefficient there increased into 3
times. Compared to HR, MB behaves conservatively with regard to effects of the season as well as
effects of the fire. There was not clear fire-induced changes in MB content of upper soil horizons.
HR and MB both litter and 0-3 cm soil horizon remained decreased for several months at all
investigated sites.

Fig. 3. Heterotrophic respiration rate (HR) and microbial biomass (MB) before and after the fire in soil
of Site 2.
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Fig. 4. Heterotrophic respiration rate (HR) and microbial biomass (MB) before and after the fire in soil
of Site 3.
DISCUSSION
Despite of the different fuel bed temperatures in tree sites, even 63ºC in Site 1 was enough to decrease
dramatically litter microbial biomass which remains same level for 3-5 month at all sites. We
registered higher maximum heating temperature in upper soil horizons that indicated in their
experiments Pietikainen et al. (2000), Wuthrich et al. (2002), Chen et al. (2004), Bogorodskaya et. al.
(2010), but did not mentioned any heating influence on soil microbial biomass. This was probably
caused by the short time of heat exposure.
Maximum registered fuel bed temperature strongly negatively correlated with litter heterotrophic
respiration rate. Temperature in 63ºC was not enough to kill all microorganisms, perhaps only fungi,
like more sensitive microorganisms to temperature (Artz et al., 2009). The rest of microbes actively
respired. The fact of increasing of soil respiration rate after the fire indicated by numerous researches.
Kaye and Hart (1998) indicated high rate of emissions of soil CO2 after prescribed burning, and
explained this fact by increasing of soil temperature. Moreover, they have found that soil CO 2
emission after fire did not correlate with changes in soil N, P, OM, C/N ratio as well as ne-root
biomass. Thinning resulted in elevated soil respiration rates, soil temperature, and soil moisture, while
prescribed burning had no effect in an old-growth mixed-conifer forest in California (Concilio et al.,
2005). Other studies of thinning or tree harvest have shown increases, decreases, and no change in soil
respiration rates (Edwards and Ross-Todd, 1983;Weber, 1990; Toland and Zak, 1994; Tang et al.,
2005).
At the same time, Kobziar et al. (2006) described a distinct reduction of mean annual soil respiration
rate in pine forest. Lower soil respiration rates in high versus low-intensity prescribed burns in
Mediterranean maquis terrain resulted in decreased soil microbial activity (D’Ascoli et al., 2005), and
reduced post- re heterotrophic soil respiration rate was attributed to temperature-induced loss of
moisture in the humus layer (Pietikainen and Fritze, 1993). Authors studying wild re effects on CO2
ux in aspen (Populus tremuloides Michx.) and spruce (Picea spp.) stands also found that soil
temperatures were warmer and surface layer moisture potential was reduced, resulting in decreased
soil respiration rate (Weber, 1990; O’Neill et al., 2002). Alternatively, Wuthrich et al. (2002), found
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that in a higher intensity prescribed burn, microbial biomass decreased slightly, even though soil
respiration increased and remained high for months after the re. The reason that soil respiration rate
may increase after burning is that even moderately intense res generate a large pool of easily
decomposable compounds from dead plant cells, which are then respired by soil microorganisms
(Wuthrich et al., 2002).
In resource-limited populations that are often at their carrying capacity (K) and competing for
resources, the fit genotypes are those that use the resources most efficiently, even when they grow
slowly. They are well prepared for competition and reproduce repeatedly. However, in populations
that frequently grow exponentially (e.g. those decimated by density-independent environmental
factors) genotypes with high intrinsic rates of increase (r) have a better chance of survival (MacArthur
and Wilson, 1967). Based on this concept of K- and r-selection, Fliessbach et al. (1999) suggested a
change in the population structure of microorganisms from K-strategists in the topsoil to r-strategists
in the deeper soil. Wuthrich et al., (2002) suggested that the microbial biomass after a fire also contain
a large proportion of r-strategists. However, this population of microorganisms has a high-energy
consumption per unit biomass. They are very efficient at biological decomposition but less efficient at
biomass production.
According to different authors, heating the soil up to approximately 220 °C does not alter soil
characteristics appreciably (Giovannini, 1994; Pardini et al., 2004; Six et al., 2004), although
biological tissues are destroyed above 60°C. So, although some of the changes produced by many fires
in soil physical properties are not significant (Hungerford et al., 1990), reported small changes may be
important in systems where components are closely inter-chained, such as the soil system (Ubeda and
Outeiro, 2009). In contrast, heating at temperatures between 220 °C and 460 °C causes the combustion
of some cementing agents and other organic substances in soil. In these cases, some of the most
affected soil physical parameters are water repellency, texture and aggregate stability (Arcenegui et
al., 2008; Granged et al., 2011).
In our experiments, the more were fire temperature the less was HR in litter, but HR in 0-5 cm of
mineral soil layer had the opposite tendency. MB in litter burnt during the fire together with substrate,
MB of mineral soil layer increased slightly and remained same values during 3-5 month with regard to
effects of the season as well as effects of the fire. We assume that in our case increasing of r-strategy
microorganisms in mineral soil layer after the fire we observed. This proportion of microorganisms in
soil population has been established immediately after the fire and remained stable for several months
of our observations.
CONCLUSSION
Ground fires depending on the fuel loads reduces the microbial biomass as well as heterotrophic
respiration rate of litter and do not affect or increase the heterotrophic respiration rate in upper mineral
soil horizon. After the fire, r-strategy microorganisms proportion in soil microbial population increases
in mineral soil layer, and this proportion remains stable until the depletion of easily decomposable
compounds generated due to fire.
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THE UNIQUE CHARACTER, FUNCTIONAL ZONNING AND GYOSYSTEMS
CONSERVANCY OF THE CENTRAL ECOLOGYCAL ZONE OF LAKE BAIKAL
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Abstract
The article considers regularities of geosystems development, their dynamics and evolutionary
transformation. Based on a synthesis of data the map of functional zoning was elaborated. Landscape
research is based on the results of terrestrial and aerial itinerary studies, interpretation of satellite
images, GIS-technologies.
Key words: geosystems, development regularities, functional zoning, dynamics, evolutionary
transformation.
1. INTRODUCTION
One of the major targets of modern geographic research is to find a solution to regional environmental
changes evaluating and prognosis and thus to accumulate scientific data background for regional
management. That is why research is based on the studies of geosystems composition, functioning,
dynamics and evolution.
Such studies are vital dew to the lack of information about the structure of regional. The knowledge of
geosystems development regularities, their dynamics and transformation changes that occur dew to the
influence of natural and anthropogenic factors is the base for prediction of negative phenomena that
may occur as a result of both natural and anthropogenic environmental transformation.
The subject of this research is the Central Ecological Zone (CEZ) of Lake Baikal. This Zone includes
the lake itself, its’ islands, adjoining water protection zone and specially protected natural reservations
(Federal Law No. 94-FZ).
The boundary of the Central Ecological Zone (CEZ) of Lake Baikal matches the one of the World
Natural Heritage site “Lake Baikal” and passes along the borders of Baikalo-Lensky, Barguzinsky and
Baikalsky natural reserves, Pribaikalsky, Zabaikalsky and Tunkinsky natural parks, Frolikhinsky,
Pribaikalsky, Enkhaluksky and Snezhinsky partial reserves and along the Primorsky, Baikalsky,
Verkhne-Angarsky, Barguzinsky, Golondinsky, Ulan-Burgasy, Morskoy and Khamar-Daban
mountain ranges.
The total area of CEZ is 89165 km2, including the water aria of the lake – 31500 km2 and 24 950 km2
of specially protected natural reservations. The area, occupied by water protection zone outside the
natural reservations within the borders of CEZ equals to 20500 km2. There are 152 settlements with
the population of 140 000 on the territory of the Central Ecological Zone of lake Baikal (fig.1).
The main function of the Central Ecological Zone of Lake Baikal is preservation of Baikal ecosystem
and negative impacts prevention. Therefore the target of this research is to define the unique
geosystems within the lake Baikal CEZ and to elaborate the functional zoning map, aiming to study
and preserve the landscapes diversity.
Landscape research is based on the results of terrestrial and aerial itinerary studies, interpretation of
satellite images, GIS-technologies and literature data analyses. The work was supported by the
Russian Fundamental Research Fund.
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2. THE UNIQUE CHARACTER OF LAKE BAIKAL GEOSYSTEMS
Unique objects or phenomena are the ones that are out of the ordinary, one of a kind or inimitable.

Fig.1. The scheme of Central Ecological Zone location

Their unique character is a result of special circumstances provided by natural environment and
developmental particularities and is also determined by the rarity or frequency of their occurrence
within the borders of a particular area. Thus the geosystem which is unique in one region can be
typical in another one. The unique character mostly concerns geosystems’ organization, abnormal and
extreme features of natural environment. Unique geosystems are often either the relicts of former
epochs or the indicators of future changes.
Since such geosystems preserve lost, changed or endangered landscape elements, they can be
considered as one the forms of geosystem stability and development. Therefore we can say that the
main function of unicity is to preserve natural diversity.
This statement became the main methodological approach for CEZ geosystems research, elaborating
of functional zoning map and estimation of possible natural resources use within its’ area.
Lake Baikal and bordering area are regarded as unique objects of universal importance. The lake itself
and surrounding mountain ranges belongs to the area of Baikal continental rift zone. The existence and
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development of this rift zone are associated with enhanced intensity of the heat flow rate and with the
earths’ crust warming dew to the mantle afflux.
These processes led to the bending fold formation, horizontal transtention and earths’ crust tapening
with the further subsidence of bending folds’ upper part. Thus forms a narrow gorge, surrounded by
the mountains (the hollow of lake). That is why the major part of Lake Baikal shore is mountainous
with precipitous benchings.
The region of Lake Baikal is one of the most mobile continental rift zones with high grade crustal
movements, complex orography, land forms and hydrothermal conditions. These tectonical and
climatal processes also determined the modification of geosystems functioning, structure and
development.
It is considered that the initial stages of Baikal hollow formation started in the Oligocene (Baikal
1993, Miocene of the Mammoth mountain 1976). During this time under the conditions of warm and
humid climate the deciduous chestnut-hornbeam-elm tall grass forests with and admixture of pine and
swamp cypress grew on poorly broken reliefs of interstream areas and on fluviolacustrine lowlands of
the region.
The following Miocene epoch was marked by massive basalts discharge along with a slow Baikal
bending fold upheaval. During this period the influence of monsoon climate spread to the eastern
boundaries of the region, which led to extensive development of hydro- and mesophytic geosystems of
cypress and alder swamps on the lower lands and interstream broadleaf forests and grass geosystems
on the major part of the region.
Miocene period is also associated with the formation of brown soils that nowadays underlay fir and
cedar tall grass taiga geosystems of the Khamar-Daban northern macroslope. These soils are
considered to be the relict formations dew to their specific microbiogeocenosis that is mostly formed
by oligotrophic bacteria (Martynova 1980). The brow soil type is more likely to be found in the
coniferous-broadleaf forests zone with sub humid and warm climate.
Intensive tectonic movements of the late Pliocene led to the raising of mountain systems around Lake
Baikal and on the east of the Eurasian continent, forming the orographic barriers that influenced the
atmospheric circulation.
Western air mass disturbance and Asiatic anticyclone greatly influenced the transformation of
geosystems. The growing aridization led to the expansion of the steppe geosystems on the south of the
region. This time the precipitous mountain slopes on the shores of Lake Baikal were occupied by dry
steppe geosystems with oxytrope, and selaginella. Pliocene is also considered as a time of Siberian
taiga geosystems and Baikal-Altai forest-steppe complex formation. By the end of the Pliocene Baikal
Lake hollow of present day configuration was formed (Dumitrashko 1946, 1956).
At the beginning of the Quaternary period due to the Asian and Indian plates collision new activation
of tectonic processes in the region starts. This furthers the raising of the mountain chains, outflow of
lava, and intensive erosional breakdown. The natural environment transformations, growing
aridization and climatic cooling, contributed to the dark coniferous taiga geosystems expansion to the
south of the region and to the alpine meadows evolvement in the highlands, while the major part of the
region was covered with light mountainous coniferous forests and pine and larch piedmont grass
geosystems. The south of the region was occupied by mountainous steppe, which can now be found on
the western shore of Lake Baikal (Belova 1985).
Late Pleistocene climatic cooling that coincided with the Baikal rift zone mountains raising led to the
development of mountain-valley glaciation. So the mountain tundras and under-goltsy altitudinal belt
of cedar and Silver fir open woods were formed in the western highlands of the region, while the
alpine meadows prevailed in the eastern highlands (Tyulina 1950, Malyshev 1957). Taiga forest belt
was dominated by fir-cedar-ledum and rhododendron groups of slope facies.
Stone birch (Betula ermanii) penetrated into the region through the mountain highlands during this
time. Today this birch is considered to be the northern near-Pacific specie, therefore lake Baikal region
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the south-western border of its’ natural area. The peculiar dark coniferous taiga forests with Siberian
cedar and Siberian dwarf pine were formed along the periphery of the glacier at the nearest proximity
to the lake. The wide spread of subsoil glaciation during the Sartan Ice Age, the last and the coldest
stage of Zyryanka mountain-valley glaciation, led to the yernick (dwarf birch thickets) formation
(Duchkov 2001).
Between the Pleistocene and Holocene ages the strengthening of climatic continentality and the
permafrost development on the northern and eastern parts of the region determinated the formation of
new progressive cryosolic taiga geosystems with Dahurian larch (Abaimov 1984). Today the
Dahurian larch and Siberian Dwarf pine are both referred as typical representatives of BaikalDjugdjursky physical geographical subzone.
The historical evolution of Lake Baikal geosystems contributed a lot to the formation of their unicity
and diversification. Following the climatal and orographic changes these geosystems transformed from
the broadleaf fern-lycopodium geosystems to the dry steppe and mountain tundra.
The peculiar features, created by interaction between the atmosphere, the surface area and the water
mass of lake Baikal within its’ protruded and surrounded by the mountains with highly dissected relief
hollow led not only to the formation but also to the preservation of many unique geosystems.
Different ancient types of geosystems or their elements such as dark coniferous and lycopodium
geosystems, false under-goltsy altitudinal belt geosystems, Siberian pine geosystems or Central-Asian
dry steppe geosystems as well as the young progressive geosystems of goltsy altitudinal belt, larch
taiga dwarf birch geosystems or meadow steppe ones can be found within the Central Ecological Zone
of lake Baikal.
The regional factors of landscapes differentiation here are complexified by local geographical
peculiarities such as thermal water exits, salination and marshes formation processes, squall wind
influence.
As a result the geosystems distribution within the Central Ecological Zone does not directly
correspond with the altitudinal and latitudinal zonality. Instead CEZ of lake Baikal has a peculiar
unique combination of mountain taiga and steppe geosystems: the altitudinal zonality in this region is
determined by the barrier humid and arid effects that form the continental climate on the western shore
and the costal climate on the eastern shore.
Petrologic composition of the area had also influenced the formation of geosystems modifying the
latitudinal regularities of their distribution. This influence can especially be observed in the conditions
that are far from the ecological optimum. For example, the presence of Proterozoic carbonaceous
rocks on the western “continental” shore strengthens the low humifying rate effect, furthering the
formation of peculiar under taiga geosystems with combination of grass larch forests and meadow
steppes.
The evolvement of forest and steppe geosystem types within under taiga area is determined
historically, while the ecological optimum rates are very close to the humifying conditions that favor
the development of meadow steppe landscapes.
Unconsolidated fluviolacustrine Quarternary deposits are typically spread in the river valleys. Such
rocks are subject to scour and without armoring vegetative ground cover easily turn into shifting
sands. These sediment rocks became the ground for the formation of unique, semi-stable lichenous and
pinery geosystems.
Sandy deposits of intermountain lower slopes’ parts, valley bottoms and terraces became the ground
for the formation of under-taiga pine and larch grass geosystems, while the formation of mountain
taiga dark coniferous geosystems is defined by the presence of upper Proterozoic granite massifs.
The development of permafrost at the bottom of Barguzine mountain range on the eastern shore of the
lake led to the formation of predominant sparse larch, ledum and dwarf-pine geosystems, transforming
the dark taiga geosystems towards the tundra ones (Tyulina 1950).
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Landscape contrasts within the Central Ecological Zone of Lake Baikal can be of a very large scale.
The Selenga river delta and bordering area can be considered as one of the examples. Here due to the
neotectonic movements and the foundering of the crust we can find the combination of marches and
dry steppe types of geosystems, which is determined by the groundwater proximity and arid climate.
The diversity of the CEZ natural conditions determined the formation of special altitudinal zonality
types on the slopes that face the lake.
The slopes on the eastern shore are occupied by Altay-Sayansky zonality type, on the western shore –
by the Eastern-Siberian one. These zonality types differ by the absence of forest-steppe landscapes in
Altay-Sayansky zonality type due to the higher humidity level (Martynova 1980).
To the south from 540 northern latitude dark taiga forest occupies the slopes of the mountains from the
goltsy belt to the very bottom on the shore of the lake. Small fragments of steppe can be seen here
only southwards from Davsha and are associated with the carbonate rock abruption. The mountain
steppes are widespread in these latitudes on the western shore of Lake Baikal. Moreover along the
Upper Angara river valley these steppe geosystems penetrate towards t the north up to 560 northern
latitude.
The altitudinal zonality of Barguzinsky and Khamar-Daban mountain ranges differs from the
Southern-Siberian mountain zonality type by the presence of Silver fir geosystems along the upper
border of the forest belt. The existence of the stone birch steep slopes geosystems is another peculiar
feature of Lake Baikal altitudinal zonality. These geosystems are considered as the elements of
northern-pacific costal altitudinal zonality types.
In the intermountain depressions, valleys of smaller rivers and mountain gorges we can observe the
so-called closed depression effect that appears dew to the cold air stagnation and extensive permafrost
development.
These conditions favor the formation of larch-taiga types of geosystems that are genetically associated
with ancient periglacial Siberian geosystems. Such landscapes are combined with larch-peatmoss bog
forests, forestless bogs and dwarf birch thickets which is explained by the Pacific monsoon action. As
a result these geosystems are referred as the fragments of the Far-Eastern nature. The mountain-valley
larch and fir geosystems are also referred as the Amur-Sakhalin (Far-Eastern) ones.
Another distinctive feature of the Central Ecological Zone of lake Baikal landscapes is the presence of
the so-called false under-goltsy vegetation belt with larch and dwarf-pine.
Obviously the reasons for the formation of such geosystems are not only the cooling influences of the
lake, but also the temperature inversions that contribute to the continentality of the climate and to the
relict character of geosystems; during the glaciation these geosystems “migrated” from the highland to
the lakes shore.
Dark coniferous fir geosystems with a higher humidity level that are more related to the broadleaf
forests are confined to the southern shore of Lake Baikal.
3. ENVIRONMENTALLY ORIENTED AND CONSERVATION FUNCTIONS OF THE
CENTRAL ECOLOGICAL ZONE OF LAKE BAIKAL GEOSYSTEMS.
Unicity and environmentally oriented conservation functions of the geosystems were classified
through the expert assessment. The unique geosystems were classified at 5 categories according to
their environmental, water balance and landscape diversity preservation capability.
1. Water-control geosystems zone. The geosystems of this category are vital for the regions’ waterbalance preservation. Changes in their structure will lead to the transformation of the whole regions
ecosystem. This category includes goltsy and under goltsy sparse forests, mountain-taiga geosystems
of reduced development.
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Fig.2. Environmentally oriented conservation functions of the geosystems
(explanations are in the text below)
2. Relict geosystems zone. These geosystems reflect the complexity of the regions geosystems
formation and development. The examples of such geosystems are: poplar and chosenia woods of
intermountain depressions., mountain-hollow grass fir geosystems and other fragments of the FarEastern natural complexes., humid dark-coniferous landscapes with the Silver fir, that are close to the
Pliocene nemoral forests., false under-goltsy peatmoss bogs, larch and dwarf birch cryosolic
geosystems, and the dwarf-pine geosystems of the intermountain depressions and lakes Baikal shore.
The unique features of the cryosolic nothern-Baikal hollows’ geosystems are determined by the
genetic relation with ancient periglacial late Holocene landscapes (Vasiliev 1956). Due to the limited
ecological potential these relict geosystems are likely to become the subject to destruction.
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3. High geosystems diversity zone. The existence of such geosystems depends on many local
geographical environment processes and conditions such as: petrographic composition of the surface,
salinization processes, thermal waters discharging, etc. Such types of geosystems can also be found in
small river valleys and troughs, where the heat-moisture rate differs from the background ones. The
functioning of such geosystems is limited by local processes and factors, so any environmental
transformation will lead to their elimination.
4. Stabilizing geosystems zone. Such geosystems are developed on the unconsolidated fluviolacustrine
Quarternary deposits of intermountain lower slopes’ parts, valley bottoms and terraces. These
geosystems of light coniferous pine and larch and lichenous and pinery forests act as an armoring
vegetative ground cover. Any negative anthropogenic impact on these geosystems will lead to the
formation of shifting sands, soil erosion, forests elimination and the reduction of natural drain
regulation, the dryout of smaller rivers.
5. Typomorphic geosystems zone. The geosystems of this category correspond with the contemporary
geographical environment conditions and are widely spread on the territory of the region (fig.2).

4. CONCLUSIONS
The conducted research has shown that the Central Baikal Ecological zone geosystems were formed
under the influence of both global climatal, tectonical and local rift processes. So the unique features
of the areas geosystems are defined by the Baikal tectonic rift zone activity. The region of Lake Baikal
is one of the most mobile continental rift zones with high grade crustal movements which leads to the
low stability and high variability of its’ geosystems.
The rift zone heat and energy sources transformed the geosystems organization by changing their
borders and forming unique and peculiar features, which greatly contributes greatly to the landscapes.
This research may become the ground for the creation of a model for the regional sustainable
development. Its’ key point lies in the preservation of self-regulated geosystems development by the
accurate managing of anthropogenic impacts.
The research is implemented with the financial support of the Russian Fundamental Research Fund
(project 12-05-00819)
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INVESTIGATION OF SOME ATMOSPHERIC POLLUTANTS IN BULGARIA
Zdravka V. Nikolaeva
Prof. Assen Zlatarov University, Burgas 8010, Bulgaria

Abstract
In this paper was found some empirical relationship between the total emissions of harmful substances
SOx (as SO2), NOx (as NO2), NMVOC NH3 and total greenhouse gases (GHG) emissions in
Bulgaria GHG, 1000) Gg CO2 qv. In our research was used the method of multiple linear
regression. The resulting coefficient of determination is very high value R2 = 0.944, indicating that the
empirical formula well defines the relationship between the measured total GHG emissions and the
calculated regression equation.
Statistically values for the total greenhouse gases emissions by LINEST function in EXCEL were
obtained. An assessment of the credibility of the high value of F-statistics was made. Statistical values
were obtained in the t - distribution calculated regression equation with total GHG emissions 1000)
Gg CO2 qv. The result is a very small value. It means that the regression equation is precise and
correct and provides and is useful for prediction of total greenhouse gas emissions.
Key words: atmospheric pollutants, greenhouse effect, greenhouse gases emissions, carbon dioxide,
the method of multiple linear regression, F-statistics
1. INTRODUCTION
Atmospheric pollutants affect the composition of air, which can lead to serious health effects on
humans, plants, animals and the destruction of the environment [1-4]. Therefore, the researches in this
area are very important and topical.
National System for Environmental Monitoring estimates air quality within the country. Bulgaria is
divided into 6 regions for assessment and management of ambient air quality, approved by Order
580/17.07.2007 on Minister of Environment and Waters [5].
It is held annually binding control emissions of harmful substances from large industrial facilities. It is
collected and analyzed statistics and over 2000 industrial units as well as all other anthropogenic and
non-human sources of emissions, according to the classification of the European Union. Some of the
data are provided by the National Statistical Institute and the other part - Regional Inspectorate of
Environment and Water (RIEW) [5].
Daily in the Executive Environment Agency (ExEA) of Ministry of Environment and Water prepared
National Report on the State of Environment in Bulgaria. The Bulletin is published daily on the
website of ExEA at [6].
The European Commission the European Commission take measures to limit the total national
emissions of the member states of the European Union, the main pollutants by 2010, in order to limit
air pollution, causing damage to human health and the environment. Directive 2001/81/EC [7] is
regulate the requirements for each country - State to achieve certain national ceilings for emissions of
harmful substances, such as the base year is determine 1990. Our country has committed and
Gyoteborskiya Protocol to reduce annual emissions to the Convention on transboundary air pollution
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over long distances Next years must to reach levels of harmful emissions from anthropogenic

activities (Table 1).
Table 1. Emissions of pollutants into the air from anthropogenic sources (not nature) and
international commitments of Bulgaria until 2020 ., kt.
Commitments,
Directive
2001/81/

Commitments, National Program,
Decision
261 of the Council of
Ministers

Atmospheric

Emissions

pollutants

2009

2010

2010

2015

2020

SOx (as SO2)

657

836

380

300

250

NOx (as NO2)

164

247

247

247

247

146

175

175

175

175

51

108

108

108

108

NH3

In this paper was found some empirical relationship between the total emissions of harmful substances
SOx (as SO2), NOx (as NO2), NMVOC NH3 and total greenhouse gases (GHG) emissions in
Bulgaria GHG, 1000) Gg CO2 qv. In our research was used the method of multiple linear
regression. The resulting coefficient of determination is very high value R 2 = 0.944, indicating that the
empirical formula well defines the relationship between the measured total GHG emissions and the
calculated regression equation.
Statistically values for the total greenhouse gases emissions by LINEST function in EXCEL were
obtained. An assessment of the credibility of the high value of F-statistics was made. Statistical values
were obtained in the t - distribution calculated regression equation with total GHG emissions 1000)
Gg CO2 qv. The result is a very small value. It means that the regression equation is precise and
correct and provides and is useful for prediction of total greenhouse gas emissions.
2. MODELING TOOLS
In our research was used the method of multiple linear regression for analysis of experimental data [812]. Regression coefficients were calculated in our investigation. The general formula for multiple
linear regression is:

y
where: ai i

a1.x1

a 2 .x 2

... a n .x n ,

(1)

1,2,..., n and b are regression coefficients.

The regression coefficients can be calculated in different ways in EXCEL: by functions LINEST,
SLOPE, INTERCEPT, with a tool of the REGRESSION DATA ANALIYSIS or by adding a
TRENDLINE to the data series in a chart.
It is received the following statistical parameters: ai and b - Regression Coefficients, S e - Standard
Error of each the Regression Coefficient separately, R 2 - Coefficient of Determination, S ev -
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Standard Error of Measurement, F - statistics, d F - Degrees of freedom, SS reg - Regression Sum of
Squares and SS resid - Residual Sum of Squares.

F and d F in the results can be used to assess the credibility of the highest value of F is obtained by
chance. F can be compared with the critical values from tables of F - division or can be used the
function FDIST (F, v1, v2). This way you can determine whether the resulting regression equation is
useful for predicting the function.
Another test for hypothesis testing can determine whether each coefficient a n ,..., a 2 , a1 , b is useful
for evaluation of the function. This is done by calculating the t - statistics. The statistical significance
of the coefficients are checked.
When the Sample Size is a volume n < 30 is used t - distribution with n -1 Degrees of freedom.
The Confidence Interval in the Mean for t - distribution:

x t
where:

/2

n

<

< x

t

/2

n

,

(2)

- Mathematical Expectation; x - Mean; t / 2 - Critical Value of the Confidence Interval at

Significance Level

in t - distribution;

- Standard Deviation; n – Count; t / 2

n

- Max Error.

Confidence interval of the mean of the sample can be represented graphically by adding indicators of
error diagrams which gives an idea of the maximum error of assessment [11].
is the significance level (the possible
t - statistics is calculated with the function TINV ( ,v2).
level, which is selected by the investigator
= 0.05 or 0.01). So say which factors in the regression
equation are useful for prediction and assessment.
3. RESULTS AND DISCUSSION
In this paper was found some empirical relationship between the total emissions of harmful substances
SOx (as SO2), NOx (as NO2), NMVOC NH3 and total greenhouse gases (GHG) emissions in
Bulgaria GHG, 1000) Gg CO2 qv. In our research was used the method of multiple linear
regression.
Fig. 1 shows the total emissions of harmful substances in the atmosphere from anthropogenic sources
(not nature) and international commitments on Bulgaria to 2020 for SO x (as SO2), NOx (as NO2),
NMVOC and NH3.
It is found an empirical relationship between the total emissions of pollutants SOx (as SO2), NOx (as
NO2), NMVOC and NH3 and total GHG emissions (x1000) Gg CO2-eqv. The general appearance of
the resulting regression equation is:

y

a1 .x1

a 2 .x 2

a3 .x3

a 4 .x4

b,

(3)

where: y - the total GHG emissions (x1000) Gg CO2-eqv., a1 - the coefficient of total emissions of
SOx, a 2 - the coefficient of total emissions of NOx, a3 - the coefficient of total emissions of NMVOC
and a 4 - the coefficient of total emissions of NH3.
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Fig. 1. The total emissions of harmful substances in the atmosphere from anthropogenic sources
(not nature) and international commitments to Bulgaria to 2020 for SOx (as SO2), NOx (as NO2),
NMVOC and NH3.
Statistically values for the total greenhouse gases emissions by LINEST function in EXCEL were
obtained. In table 2 is received the statistical parameters: a1 - the coefficient of total emissions of SOx,

a 2 - the coefficient of total emissions of NOx, a3 - the coefficient of total emissions of NMVOC and
a 4 - the coefficient of total emissions of NH3 and b - Regression Coefficients, S e - Standard Error of
each the Regression Coefficient separately, R 2 - Coefficient of Determination, S ev - Standard Error
of Measurement, F - statistics, d F - Degrees of freedom, SS reg - Regression Sum of Squares and

SS resid - Residual Sum of Squares.
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Table 2. Statistical values for the total GHG emissions obtained by the function LINEST,
( 1000) Gg CO2 qv.

a4

a2

a1

b

0.044692

0.09626

0.00583

11.4343

0.0373

0.0051

15.4286

a3

0.29048

Se

0.079

Se

0.046

R2

0.943964

S ev

3.170741

F

63.1709

dF

15

SS reg

2540.4

SS resid 150.804

It was made an assessment of the credibility of the highest value of F -statistics. In our research was
used the function FDIST (F, v1, v2). For the statistics values:
v1 = n – dF – 1 = 4

;

v2 = dF = 15.

For the function FDIST is obtained: FDIST (F, v1, v2) = 3.32.10-9. The result is a very small value.
This shows that the regression equation (3) is useful for predicting on y (total GHG emissions,
1000) Gg CO2 qv).
Table 3 shows the measured total GHG emissions, ( 1000) Gg CO2 qv. and calculated with equation
(3) total GHG emissions, ( 1000) Gg CO2 qv. It is made a prognosis for 2010, 2015 in 2020, taking
into account the international commitments on Bulgaria to 2020 for SO x (as SO2), NOx (as NO2),
NMVOC and NH3. Source of measured emissions is the Executive Environment Agency (ExEA) of
Ministry of Environment and Water, National Report on the State of Environment in Bulgaria for 2009
[5].
Fig. 2 shows the dependence of the measured total GHG emissions, ( 1000) Gg CO2 qv. and
calculated with regression equation (3) total GHG emissions, ( 1000) Gg CO2 qv.
The resulting coefficient of determination is very high value:
R2 = 0.944,
indicating that the empirical formula well defines the relationship between the measured total GHG
emissions and the calculated regression equation.
Table 4 shows the statistical variables in t - distribution calculated with the regression equation total
GHG emissions, ( 1000) Gg CO2 qv.
In Fig. 3 is given calculated with the multiple linear regression total GHG emissions, ( 1000) Gg CO2qv. with the added error indicator in diagrams at t - distribution, which shows graphically the size of
the confidence interval. It is seen that the error is small and interpolation method used for analysis and
prediction is accurate and correct.
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Table 3. The measured total GHG emissions, ( 1000) Gg CO2 qv. and the calculated total
GHG emissions, ( 1000) Gg CO2 qv.
Year

The measured total GHG emissions,
1000) Gg CO2 qv.

The calculated total GHG emissions,
1000) Gg CO2 qv.

1990

111.4013

109.4899

1991

89.43841

90.46601

1992

83.32971

81.05933

1993

81.39412

83.32895

1994

79.15498

82.67179

1995

80.81375

81.81205

1996

80.35014

78.45319

1997

77.00680

72.83945

1998

71.38110

72.52689

1999

64.12584

66.35904

2000

63.34425

64.19648

2001

66.35946

65.01855

2002

63.05222

65.70465

2003

68.29982

65.52310

2004

67.55968

66.97985

2005

67.10992

70.28390

2006

68.29698

72.11429

2007

71.76328

66.21916

2008

69.02881

65.19029

2009

59.49304

62.46674

2010

76.61918

2015

76.15280

2020

75.86131
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Fig. 2. Dependence of the measured total GHG emissions and calculated with
regression equation total GHG emissions, ( 1000) Gg CO2 qv.
Table 4. The statistical variables in t - distribution calculated with the regression equation total
GHG emissions, ( 1000) Gg CO2 qv.
Statistical variables

Values obtained

Mean

74.40595

Standard Deviation

10.77015

Standard Error

2.245732
23

Count
Significance Level

0.05

Level of confidense

95 %

Critical Value of the Confidence Interval

2.0739

Max Error

4.6574

Confidence Interval
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Years

Fig. 3. Calculated with the multiple linear regression total GHG emissions, ( 1000) Gg CO2 qv. with
the added error indicator in diagrams at t - distribution.
Table 5. The estimated with regression equation total GHG emissions and forecast
from the National Long-Term Program for Renewable Energy, ( 1000) Gg CO2 qv.
Year

Estimated with
regression total GHG
emissions

Forecast from the National
Long-Term Program for
Renewable Energy

2010

76.61918

78. 52

2015

76.15280

81.45

2020

75.86131

87.72

It is made additional checks received regression equation:
• Comparing forecasts for 2010, 2015 and 2020 and the forecast of aggregated GHG emissions by
2020 based on 2002 inventory [13].. The purpose on Kyoto amounts to 130.5 1000) Gg CO2 qv.
The result is a good and precise.
• Estimated total GHG emissions by multiple linear regression fit well with forecast of the National
long-term Program for Renewable Energy (table 5). Therefore, the equation is accurate and correct.
• According to the EU - package "Energy and Climate" from 2008 [67] one of the main objectives is to
reduce GHG emissions by 2020 by at least 20% compared to 1990. And this is respected.
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Our investigation shows that the regression equation (3) is useful for orientation analysis and forecast
of the total GHG emissions through the emissions of harmful substances into the air.
4. CONCLUSIONS
4.1. In this paper was found some empirical relationship between the total emissions of harmful
substances SOx (as SO2), NOx (as NO2), NMVOC NH3 and total greenhouse gases (GHG) emissions
in Bulgaria GHG, ( 1000) Gg CO2 qv. In our research was used the method of multiple linear
regression. It was made an assessment of the credibility of the highest value of F -statistics. In our
research was used the function FDIST. The result is a very small value. This shows that the regression
equation (3) is useful for predicting on y (total GHG emissions, ( 1000) Gg CO2 qv).

4.2. It is investigation the measured total GHG emissions, ( 1000) Gg CO2 qv. and calculated a
regression equation total GHG emissions, ( 1000) Gg CO2 qv. It is made a prognosis for 2010,
2015 in 2020, taking into account the international commitments on Bulgaria to 2020 for SOx (as
SO2), NOx (as NO2), NMVOC and NH3. Source of measured emissions is the Executive Environment
Agency (ExEA) of Ministry of Environment and Water, National Report on the State of
Environment in Bulgaria for 2009. The resulting coefficient of determination is very high value R2 =
0.944, indicating that the empirical formula well defines the relationship between the measured total
GHG emissions and the calculated regression equation.
4.3. It is given calculated with the multiple linear regression total GHG emissions, ( 1000) Gg CO2qv. with the added error indicator in diagrams at t - distribution, which shows graphically the size of
the confidence interval. It is seen that the error is small and interpolation method used for analysis and
prediction is accurate and correct.

4.4. It is made additional checks received regression equation:
• Comparing forecasts for 2010, 2015 and 2020 and the forecast of aggregated GHG emissions by
2020 based on 2002 inventory. The purpose on Kyoto amounts to 130.5 1000) Gg CO2 qv. The
result is a good and precise.
• Estimated total GHG emissions by multiple linear regression fit well with forecast of the National
long-term Program for Renewable Energy. Therefore, the equation is accurate and correct.
• According to the EU - package "Energy and Climate" from 2008 one of the main objectives is to
reduce GHG emissions by 2020 by at least 20% compared to 1990. And this is respected.
4.5. Our investigation shows that the regression equation is useful for orientation analysis and forecast
of the total GHG emissions through the emissions of harmful substances into the air.
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INVESTIGATION OF SOME ATMOSPHERIC POLLUTANTS IN BULGARIA
Zdravka V. Nikolaeva
Prof. Assen Zlatarov University, Burgas 8010, Bulgaria

Abstract
In this paper was found some empirical relationship between the total emissions of harmful substances
SOx (as SO2), NOx (as NO2), NMVOC NH3 and total greenhouse gases (GHG) emissions in
Bulgaria GHG, 1000) Gg CO2 qv. In our research was used the method of multiple linear
regression. The resulting coefficient of determination is very high value R2 = 0.944, indicating that the
empirical formula well defines the relationship between the measured total GHG emissions and the
calculated regression equation.
Statistically values for the total greenhouse gases emissions by LINEST function in EXCEL were
obtained. An assessment of the credibility of the high value of F-statistics was made. Statistical values
were obtained in the t - distribution calculated regression equation with total GHG emissions 1000)
Gg CO2 qv. The result is a very small value. It means that the regression equation is precise and
correct and provides and is useful for prediction of total greenhouse gas emissions.
Key words: atmospheric pollutants, greenhouse effect, greenhouse gases emissions, carbon dioxide,
the method of multiple linear regression, F-statistics
1. INTRODUCTION
Atmospheric pollutants affect the composition of air, which can lead to serious health effects on
humans, plants, animals and the destruction of the environment [1-4]. Therefore, the researches in this
area are very important and topical.
National System for Environmental Monitoring estimates air quality within the country. Bulgaria is
divided into 6 regions for assessment and management of ambient air quality, approved by Order
580/17.07.2007 on Minister of Environment and Waters [5].
It is held annually binding control emissions of harmful substances from large industrial facilities. It is
collected and analyzed statistics and over 2000 industrial units as well as all other anthropogenic and
non-human sources of emissions, according to the classification of the European Union. Some of the
data are provided by the National Statistical Institute and the other part - Regional Inspectorate of
Environment and Water (RIEW) [5].
Daily in the Executive Environment Agency (ExEA) of Ministry of Environment and Water prepared
National Report on the State of Environment in Bulgaria. The Bulletin is published daily on the
website of ExEA at [6].
The European Commission the European Commission take measures to limit the total national
emissions of the member states of the European Union, the main pollutants by 2010, in order to limit
air pollution, causing damage to human health and the environment. Directive 2001/81/EC [7] is
regulate the requirements for each country - State to achieve certain national ceilings for emissions of
harmful substances, such as the base year is determine 1990. Our country has committed and
Gyoteborskiya Protocol to reduce annual emissions to the Convention on transboundary air pollution
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over long distances Next years must to reach levels of harmful emissions from anthropogenic

activities (Table 1).
Table 1. Emissions of pollutants into the air from anthropogenic sources (not nature) and
international commitments of Bulgaria until 2020 ., kt.
Commitments,
Directive
2001/81/

Commitments, National Program,
Decision 261 of the Council of
Ministers

Atmospheric

Emissions

pollutants

2009

2010

2010

2015

2020

SOx (as SO2)

657

836

380

300

250

NOx (as NO2)

164

247

247

247

247

146

175

175

175

175

51

108

108

108

108

NH3

In this paper was found some empirical relationship between the total emissions of harmful substances
SOx (as SO2), NOx (as NO2), NMVOC NH3 and total greenhouse gases (GHG) emissions in
Bulgaria GHG, 1000) Gg CO2 qv. In our research was used the method of multiple linear
regression. The resulting coefficient of determination is very high value R 2 = 0.944, indicating that the
empirical formula well defines the relationship between the measured total GHG emissions and the
calculated regression equation.
Statistically values for the total greenhouse gases emissions by LINEST function in EXCEL were
obtained. An assessment of the credibility of the high value of F-statistics was made. Statistical values
were obtained in the t - distribution calculated regression equation with total GHG emissions 1000)
Gg CO2 qv. The result is a very small value. It means that the regression equation is precise and
correct and provides and is useful for prediction of total greenhouse gas emissions.
2. MODELING TOOLS
In our research was used the method of multiple linear regression for analysis of experimental data [812]. Regression coefficients were calculated in our investigation. The general formula for multiple
linear regression is:

y
where: ai i

a1.x1

a 2 .x 2

... a n .x n ,

(1)

1,2,..., n and b are regression coefficients.

The regression coefficients can be calculated in different ways in EXCEL: by functions LINEST,
SLOPE, INTERCEPT, with a tool of the REGRESSION DATA ANALIYSIS or by adding a
TRENDLINE to the data series in a chart.
It is received the following statistical parameters: ai and b - Regression Coefficients, S e - Standard
Error of each the Regression Coefficient separately, R 2 - Coefficient of Determination, S ev -
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Standard Error of Measurement, F - statistics, d F - Degrees of freedom, SS reg - Regression Sum of
Squares and SS resid - Residual Sum of Squares.

F and d F in the results can be used to assess the credibility of the highest value of F is obtained by
chance. F can be compared with the critical values from tables of F - division or can be used the
function FDIST (F, v1, v2). This way you can determine whether the resulting regression equation is
useful for predicting the function.
Another test for hypothesis testing can determine whether each coefficient a n ,..., a 2 , a1 , b is useful
for evaluation of the function. This is done by calculating the t - statistics. The statistical significance
of the coefficients are checked.
When the Sample Size is a volume n < 30 is used t - distribution with n -1 Degrees of freedom.
The Confidence Interval in the Mean for t - distribution:
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- Mathematical Expectation; x - Mean; t / 2 - Critical Value of the Confidence Interval at

Significance Level

in t - distribution;

- Standard Deviation; n – Count; t / 2

n

- Max Error.

Confidence interval of the mean of the sample can be represented graphically by adding indicators of
error diagrams which gives an idea of the maximum error of assessment [11].
is the significance level (the possible
t - statistics is calculated with the function TINV ( ,v2).
level, which is selected by the investigator
= 0.05 or 0.01). So say which factors in the regression
equation are useful for prediction and assessment.
3. RESULTS AND DISCUSSION
In this paper was found some empirical relationship between the total emissions of harmful substances
SOx (as SO2), NOx (as NO2), NMVOC NH3 and total greenhouse gases (GHG) emissions in
Bulgaria GHG, 1000) Gg CO2 qv. In our research was used the method of multiple linear
regression.
Fig. 1 shows the total emissions of harmful substances in the atmosphere from anthropogenic sources
(not nature) and international commitments on Bulgaria to 2020 for SO x (as SO2), NOx (as NO2),
NMVOC and NH3.
It is found an empirical relationship between the total emissions of pollutants SOx (as SO2), NOx (as
NO2), NMVOC and NH3 and total GHG emissions (x1000) Gg CO2-eqv. The general appearance of
the resulting regression equation is:

y

a1 .x1

a 2 .x 2

a3 .x3

a 4 .x4

b,

(3)

where: y - the total GHG emissions (x1000) Gg CO2-eqv., a1 - the coefficient of total emissions of
SOx, a 2 - the coefficient of total emissions of NOx, a3 - the coefficient of total emissions of NMVOC
and a 4 - the coefficient of total emissions of NH3.
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Fig. 1. The total emissions of harmful substances in the atmosphere from anthropogenic sources
(not nature) and international commitments to Bulgaria to 2020 for SOx (as SO2), NOx (as NO2),
NMVOC and NH3.
Statistically values for the total greenhouse gases emissions by LINEST function in EXCEL were
obtained. In table 2 is received the statistical parameters: a1 - the coefficient of total emissions of SOx,

a 2 - the coefficient of total emissions of NOx, a3 - the coefficient of total emissions of NMVOC and
a 4 - the coefficient of total emissions of NH3 and b - Regression Coefficients, S e - Standard Error of
each the Regression Coefficient separately, R 2 - Coefficient of Determination, S ev - Standard Error
of Measurement, F - statistics, d F - Degrees of freedom, SS reg - Regression Sum of Squares and

SS resid - Residual Sum of Squares.
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Table 2. Statistical values for the total GHG emissions obtained by the function LINEST,
( 1000) Gg CO2 qv.

a4
0.29048

a3

a2

a1

b

0.044692

0.09626

0.00583

11.4343

0.0373

0.0051

15.4286

Se

0.079

Se

0.046

R2

0.943964

S ev

3.170741

F

63.1709

dF

15

SS reg

2540.4

SS resid 150.804

It was made an assessment of the credibility of the highest value of F -statistics. In our research was
used the function FDIST (F, v1, v2). For the statistics values:
v1 = n – dF – 1 = 4

;

v2 = dF = 15.

For the function FDIST is obtained: FDIST (F, v1, v2) = 3.32.10-9. The result is a very small value.
This shows that the regression equation (3) is useful for predicting on y (total GHG emissions,
1000) Gg CO2 qv).
Table 3 shows the measured total GHG emissions, ( 1000) Gg CO2 qv. and calculated with equation
(3) total GHG emissions, ( 1000) Gg CO2 qv. It is made a prognosis for 2010, 2015 in 2020, taking
into account the international commitments on Bulgaria to 2020 for SO x (as SO2), NOx (as NO2),
NMVOC and NH3. Source of measured emissions is the Executive Environment Agency (ExEA) of
Ministry of Environment and Water, National Report on the State of Environment in Bulgaria for 2009
[5].
Fig. 2 shows the dependence of the measured total GHG emissions, ( 1000) Gg CO2 qv. and
calculated with regression equation (3) total GHG emissions, ( 1000) Gg CO2 qv.
The resulting coefficient of determination is very high value:
R2 = 0.944,
indicating that the empirical formula well defines the relationship between the measured total GHG
emissions and the calculated regression equation.
Table 4 shows the statistical variables in t - distribution calculated with the regression equation total
GHG emissions, ( 1000) Gg CO2 qv.
In Fig. 3 is given calculated with the multiple linear regression total GHG emissions, ( 1000) Gg CO2qv. with the added error indicator in diagrams at t - distribution, which shows graphically the size of
the confidence interval. It is seen that the error is small and interpolation method used for analysis and
prediction is accurate and correct.
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Table 3. The measured total GHG emissions, ( 1000) Gg CO2 qv. and the calculated total
GHG emissions, ( 1000) Gg CO2 qv.
Year

The measured total GHG emissions,
1000) Gg CO2 qv.

The calculated total GHG emissions,
1000) Gg CO2 qv.

1990

111.4013

109.4899

1991

89.43841

90.46601

1992

83.32971

81.05933

1993

81.39412

83.32895

1994

79.15498

82.67179

1995

80.81375

81.81205

1996

80.35014

78.45319

1997

77.00680

72.83945

1998

71.38110

72.52689

1999

64.12584

66.35904

2000

63.34425

64.19648

2001

66.35946

65.01855

2002

63.05222

65.70465

2003

68.29982

65.52310

2004

67.55968

66.97985

2005

67.10992

70.28390

2006

68.29698

72.11429

2007

71.76328

66.21916

2008

69.02881

65.19029

2009

59.49304

62.46674

2010

76.61918

2015

76.15280

2020

75.86131
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Fig. 2. Dependence of the measured total GHG emissions and calculated with
regression equation total GHG emissions, ( 1000) Gg CO2 qv.
Table 4. The statistical variables in t - distribution calculated with the regression equation total
GHG emissions, ( 1000) Gg CO2 qv.
Statistical variables

Values obtained

Mean

74.40595

Standard Deviation

10.77015

Standard Error

2.245732
23

Count
Significance Level

0.05

Level of confidense

95 %

Critical Value of the Confidence Interval

2.0739

Max Error

4.6574

Confidence Interval
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Years

Fig. 3. Calculated with the multiple linear regression total GHG emissions, ( 1000) Gg CO2 qv. with
the added error indicator in diagrams at t - distribution.
Table 5. The estimated with regression equation total GHG emissions and forecast
from the National Long-Term Program for Renewable Energy, ( 1000) Gg CO2 qv.
Year

Estimated with regression
total GHG emissions

Forecast from the National
Long-Term Program for
Renewable Energy

2010

76.61918

78. 52

2015

76.15280

81.45

2020

75.86131

87.72

It is made additional checks received regression equation:
• Comparing forecasts for 2010, 2015 and 2020 and the forecast of aggregated GHG emissions by
2020 based on 2002 inventory [13].. The purpose on Kyoto amounts to 130.5 1000) Gg CO2 qv.
The result is a good and precise.
• Estimated total GHG emissions by multiple linear regression fit well with forecast of the National
long-term Program for Renewable Energy (table 5). Therefore, the equation is accurate and correct.
• According to the EU - package "Energy and Climate" from 2008 [67] one of the main objectives is to
reduce GHG emissions by 2020 by at least 20% compared to 1990. And this is respected.
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Our investigation shows that the regression equation (3) is useful for orientation analysis and forecast
of the total GHG emissions through the emissions of harmful substances into the air.
4. CONCLUSIONS
4.1. In this paper was found some empirical relationship between the total emissions of harmful
substances SOx (as SO2), NOx (as NO2), NMVOC NH3 and total greenhouse gases (GHG) emissions
in Bulgaria GHG, ( 1000) Gg CO2 qv. In our research was used the method of multiple linear
regression. It was made an assessment of the credibility of the highest value of F -statistics. In our
research was used the function FDIST. The result is a very small value. This shows that the regression
equation (3) is useful for predicting on y (total GHG emissions, ( 1000) Gg CO2 qv).

4.2. It is investigation the measured total GHG emissions, ( 1000) Gg CO2 qv. and calculated a
regression equation total GHG emissions, ( 1000) Gg CO2 qv. It is made a prognosis for 2010,
2015 in 2020, taking into account the international commitments on Bulgaria to 2020 for SOx (as
SO2), NOx (as NO2), NMVOC and NH3. Source of measured emissions is the Executive Environment
Agency (ExEA) of Ministry of Environment and Water, National Report on the State of
Environment in Bulgaria for 2009. The resulting coefficient of determination is very high value R2 =
0.944, indicating that the empirical formula well defines the relationship between the measured total
GHG emissions and the calculated regression equation.
4.3. It is given calculated with the multiple linear regression total GHG emissions, ( 1000) Gg CO2qv. with the added error indicator in diagrams at t - distribution, which shows graphically the size of
the confidence interval. It is seen that the error is small and interpolation method used for analysis and
prediction is accurate and correct.

4.4. It is made additional checks received regression equation:
• Comparing forecasts for 2010, 2015 and 2020 and the forecast of aggregated GHG emissions by
2020 based on 2002 inventory. The purpose on Kyoto amounts to 130.5 1000) Gg CO2 qv. The
result is a good and precise.
• Estimated total GHG emissions by multiple linear regression fit well with forecast of the National
long-term Program for Renewable Energy. Therefore, the equation is accurate and correct.
• According to the EU - package "Energy and Climate" from 2008 one of the main objectives is to
reduce GHG emissions by 2020 by at least 20% compared to 1990. And this is respected.
4.5. Our investigation shows that the regression equation is useful for orientation analysis and forecast
of the total GHG emissions through the emissions of harmful substances into the air.
REFERENCES
1. Dimov, ., P.
and ecology. Sofia, Bulgaria.

(1998) Introduction to the chemical and metallurgical technology

2. utsarov, . (2001) Air Pollution. Printing base of “Prof. D-r. Assen Zlatarov” University,
Burgas, Bulgaria.
3. Nedjalkov, S. (1998) Theory of Ecology. Pablish SaySet - Agri Ltd., Sofia, Bulgaria.
4. Baikov, B. (2000) Ecology for everyone. Planet 3, Sofia, Bulgaria.

369

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
5. National reports on the condition and environment, Executive Environment Agency,
www.eed.government.bg
6. Executive Environment Agency, Bulletins on the state of the air in the country,
http://nfp-bg.eionet.eu.int/ncesd/bul/bulletins.html.
7. Directive 2001/81/EC of the European Parliament of the Council (2001).
8. Dimitrova, R., J. ihailova. Learning system in statistics and statistical calculations with Excel.
http://teststat.hit.bg/.
9. Markovski, B.
Bulgaria.

N. Janeva. (1990) Statistical analysis of physical experiments. Science, Sofia,

10. Kim, S. (1993) Fuzzy Linear Regression with interval – valued Data. Proc. IFSA Word
Congress’93, Seoul.
11. Sugeno, M., Kang G. (2000) Structure identification of fuzzy model. Fuzzy Sets and Systems,
28, pp. 15 – 53.
12. Multiple regression, http://www.kirova.org/Mnogestvena-regresia.doc.
13. National long-term program to promote the use of renewable energy sources 2005 - 2015,
(2005), Energy Efficiency Agency, Sofia, Bulgaria.
14. National Plan for the allocation of greenhouse gas emissions for the period 2008-2012, (2008),
The Ministry of Environment and Waters, Sofia, Bulgaria.

370

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net

Contents

THE THIAZOLE SYNTHESIS BY USING ENVIRONMENTAL SOLVENT
Ahmet COSKUN
Department of Chemistry, Necmettin Erbakan University,
Ahmet Kelesoglu Education Faculty, Konya 42099, Turkey
4
SYSTEM APPROACH IN ENVIRONMENTAL RISK MANAGEMENT:
CASE OF YAMAL - NENETS AUTONOMOUS DISTRICT OF RUSSIA
Alexander N. Medvedev1,2, Marina A. Medvedeva2
1

Institute of Industrial Ecology, Ural Branch of Russian Academy of Sciences,

Sophy Kovalevskoy St., 20, Yekaterinburg, Russia
2

Ural Federal University, Mira St., 19, Yekaterinburg, Russia

8
INFLUENCE OF THE ENVIRONMENTAL SAFETY INDICATOR ON THE STRUCTURE
OF POWER GENERATION CAPACITY IN BELARUS
Aleh Cherp1, Alexander Mikhalevich2, Siarhei Nikitsin2, Vitali Tkachou2
1 Central European University, Nador u. 9, 1051 Budapest, Hungary
2 Institute of PowerEngineeringNationalAcademy of Sciences of Belarus,
Academicheskaya str., 15/2, 220072, Minsk, Belarus
17
WAYS TO INCREASE AND MONITOR BEARING CAPACITY OF SOILS
Alexander S. Tutygin, Anna . Shinkaruk, Arkadiy M. Aisenstadt
Maria A. Frolova, Tatyana . Pospelova
Northern (Arctic) Federal University named after M.V. Lomonosov,
17, Northern Dvina Emb., Arkhangelsk, Russia
37
INTERACTION BETWEEN PARAMETERS AND COMPONENTS OF WATER SYSTEMS
IN DROUGHT OCCURRENCE CASE STUDY: ARDABIL PROVINCE, NORTHWESTERN IRAN)
Alireza Nikbakht Shahbazi1, Alireza Pilpayeh2
1

Department of Water Science and Engineering, Science and Research Branch,

Islamic Azad University, Khouzestan, Iran.
2

Department of Water Science and Engineering, Parsabad Branch,

Islamic Azad University, Parsabad, Iran.
46

371

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
INTEGRATED WATER RESOURECES MANAGEMENT USING UNCERTAIN
PARAMETERS BY WEAP
Alireza Pilpayeh1, Alireza Nikbakht Shahbazi2
1

Department of Water Science and Engineering, Parsabad Branch,

Islamic Azad University, Parsabad, Iran.
2

Department of Water Science and Engineering, Science and Research Branch,

Islamic Azad University, Khouzestan, Iran
54
USE BACTERIA FIXING NITROGEN IN TECHNOLOGY
OF CULTIVATION OF WHEAT
Ainash Nauanova, Zhanabil Bisenov, Gulzira Ishmukhanbetova
S.Seifullin Kazakh Agro Technical University, Kazakhstan, Astana, prospect Pobedy, 62
64
BIOTRANSFORMATION OF GLYCEROL BY PSEUDOMONAS DENITRIFICANS
1625 AND KLEBSIELLA OXYTOCA VA 8391
Bilyana I. Ilieva, Greta P. Naydenova, Sophia N. Yankova and Venko N. Beschkov
Institute of Chemical Engeneering- Balgarian Academy of Sciences,
Acad. G. Bonchev St., Block 103, 1113 Sofia, Bulgaria
73
PM10 CONCENTRATION AND ELEMENTAL COMPOSITION
BY EDXRF TECHNIQUES IN SOFIA
Blagorodka S.Veleva1), Elena Hristova1), Emilia Nikolova2), Maria P.Kolarova1), Raliza Valcheva2)
1)

National Institute of Meteorology and Hydrology, NIMH-BAS, Tsarigradsko sh. 66, Sofia

2)

Institute of Nuclear Research and Nuclear Engineering, INRNE-BAS, Tsarigradsko sh. 72, Sofia

83
ATMOSPHERIC DEPOSITION OF LONG-LIVED BETA RADIONUCLIDES OVER
THE TERRITORY OF BULGARIA DURING THE LAST DECADES
Blagorodka S.Veleva
National Institute of Meteorology and Hydrology, NIMH-BAS, Tsarigradsko sh. 66, Sofia
97
GREENHOUSE GAS INVENTORY IN THE YAMALO-NENENTS AUTONOMOUS OKRUG
Konstantin L. Antonov, Boris A. Korobitsyn, Larisa V. Lyapustina, Igor L. Manzhurov,
Elena V. Omelkova, Sergey M. Ovchinnikov
Institute of Industrial Ecology, Ural Branch of Russian Academy of Sciences,
Sophya Kovalevskaya Str. 20, Yekaterinburg, 620990, Russia
112

372

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
ASSESSMENT OF DAMAGE COST FROM DECREASE OF LIFE EXPECTANCY
ON THE BASE OF HUMAN DEVELOPMENT INDEX
Boris A. Korobitsyn1, Alexandr A. Kuklin2, Igor L. Manzhurov1, Natalya L. Nikulina2
1

Institute of Industrial Ecology, Ural Branch of Russian Academy of Sciences, Yekaterinburg, Russia

2

Institute of Economy, Ural Branch of Russian Academy of Sciences, Yekaterinburg, Russia

124
THE DETERM NAT ON OF TRA NEE TEACHERS’ CONCEPTUAL FRAMEWORKS
ABOUT NUCLEAR ENERGY AND ENV RONMENT
Caner Alada
Department of Geography, Faculty of Educational, University of Necmettin Erbakan, Konya, Turkey
135
SUSTAINABLE MANAGEMENT OF OLIVE RAINFED ORCHARDS
BY THE INTRODUCTION OF LEGUMINOUS COVER CROPS
Carlos M. Correia1*, Cátia Brito1, Anabela Fernandes-Silva1, Eunice A. Bacelar1,
Berta M. Gonçalves1, Helena Ferreira1, Margarida Arrobas2,
José M. Moutinho-Pereira1, Manuel A. Rodrigues2
1

CITAB, Universidade de Trás-os-Montes e Alto Douro, 5001-801 Vila Real, Portugal

2

CIMO, Instituto Politécnico de Bragança, 5301-855, Bragança, Portugal

146
THE PRESENT CHARACTER OF THE HABITATS ON THE INDUSTRIAL WASTE OF
LÚŽENEC IN THE SERE (SLOVAK REPUBLIC)
Eva Michaeli1, Martin Boltižiar2, Danica Fazekašová3 Vladimír Solár1
Department of Geography and Regional Development Faculty of Humanities and Natural Sciences,
University of Prešov in Prešov, 17. novembra 1, 081 16 Prešov, Slovak Republic
2

Department of Geography and Regional Development, Faculty of Natural Sciences, Constantine the

Philosopher University in Nitra, A. Hlinku 1, 949 74 Nitra, Slovak Republic
3

Department of Environmental Management, Faculty of Management University of Prešov in Prešov

17. novembra 1, 081 16 Prešov, Slovak Republic
157
MODEL FOR COMBINING RISK ASSESSMENT, LEAN METHOD AND SIX SIGMA
METHOD FOR ACHIEVEMENT OF SUSTAINABILITY IN ENVIRONMENTAL
MANAGEMENT SYSTEM
Ilia Tzeneva, Dimitar Bantutov a ,Mariana Shirkovab, Georgi Popovc
a

Practice Q.A. Ltd. 23,

b

"QUALITY 21-st CENTURY" Foundation,

c

University of Central Missouri – USA

169

373

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
SUPPORTED Co3O4 AS EFFICIENT CATALYST FOR ADVANCED OXIDATION
OF TEXTILE AZO-DYE ORANGE II WITH OXONE
Iva A. Slavova, Maria K. Stoyanova, Stoyanka G. Christoskova, Dimitar D. Petrov
Department of Physical Chemistry, Paisii Hilendarski University of Plovdiv,
24 Tzar Assen Str., Plovdiv 4000, Bulgaria
180
BIO-INSPIRED CONTROL OF MATERIAL PROPERTIES IN CIVIL
ENGINEERING: CURRENT CONCEPT FOR CORROSION PROTECTION VIA
THE APPLICATION OF BACTERIA AND BIO-POLYMERS
D.A. Koleva1, H.M. Jonkers1 and K. van Breugel1
1

Delft University of Technology, The Netherlands

Faculty of CiTG, Department Materials & Environment; Stevinweg 1, 2628 CN, Delft
195
ETHYL ALCOHOL AS A FLAME FUEL FOR FLAME EMISSION ANALYSIS
Anastas D. Dakashev1, Krasimira A. Stancheva1, Viktoria T. Trifonova 1
1

Department of Inorganic and Analytical Chemistry, Professor Dr. Assen Zlatarov University,

Bourgas 8010, Bulgaria
205
RECYCLING OF BUILDING WASTE
David ech1, Martin Šterba1, Václav Venkrbec1, Kristina Fialová2
1

Brno University of Technology, Faculty of Civil Engineering,

Veve í 331/95, Brno 602 00, Czech Republic
2

Karel Englis College, Inc., Šujanovo nám. 1, Brno 602 00, Czech Republic

211
THE USE OF RECYCLED BUILDING WASTE FOR RECLAMATION
David ech1, Martin Šterba1, Václav Venkrbec1, Kristina Fialová2
1

Brno University of Technology, Faculty of Civil Engineering,

Veve í 331/95, Brno 602 00, Czech Republic
2

Karel Englis College, Inc., Šujanovo nám. 1, Brno 602 00, Czech Republic

222
IMMOBILIZATION OF XANTHOBACTER AUTOTROPHICUS GJ 10 CELLS
Evgenia K. Vasileva, Venko N. Beschkov
Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev str., bl. 103, Sofia, Bulgaria,
232

374

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
PHYTOCENOLOGICAL AND PEDOLOGICAL RESEARCH OF AGRO-ECOSYSTEMS
IN DIFFERENT LAND USE AND LOADED AREAS IN SLOVAKIA
Danica Fazekašová1, Lenka Angelovi ová2, Zuzana Boguská2, Eva Michaeli3,
Petra Semancová2, Stanislav Torma4
1

Department of Environmental Management, Faculty of Management, University of Prešov,

Ul. 17. Novembra 1, 081 16 Prešov, Slovakia
2

Department of Ecology, Faculty of Humanities and Natural Sciences, University of Prešov

Ul. 17. Novembra 1, 081 16 Prešov, Slovakia
3

Department of Geography and Regional Development, Faculty of Humanities and Natural Sciences,

University of Prešov, Slovakia, Ul. 17. Novembra 1, 081 16 Prešov, Slovakia
4

Soil Science and Conservation Research Institute Bratislava,

regional workplace Presov, 1 Raymannova Str., 080 01 Presov, Slovakia
244
INFLUENCE OF THE DIFFERENT MEDIA COMPOUNDS ON 2,3-BUTANEDIOL
PRODUCTION IN GLUCOSE FERMENTATION
Flora V. Tsvetanova*, Kaloyan K. Petrov, Venko N. Beschkov
Institute of Chemical Engineering, Bulgarian Academy of Sciences, Acad. G. Bonchev str., bl. 103
257
FINANCIAL SUPPORT OF INTERNATIONAL DEVELOPMENT
BANKS FOR ENVIRONMENT
Florida Veljanoska
Unternational Univeristy of Struga, Ezerski Lozja 1, Struga, Republic of Macedonia
262
CLEAN ENERGY BIOTECHNICAL COMPLEX FOR RECICLING CARBON
DIOXIDE FROM FLUE GAS STATIONS
Gennady S. Stolyarenko
Cherkassy State Technological University, Cherkassy, Ukraine
275
OZONE-RADICAL SELECTIVE METHOD OF DESTRUCTION MALIGNANT TUMORS
CELLS. THE METHOD: "SOFT RADIATION"
Hennadiy S. Stolyarenko
Cherkassy State Technological University, Cherkassy, Ukraine
287
CRITICAL REFLECTIONS TO ENVIRONMENTAL LIABILITY DIRECTIVE
IMPLEMENTATION IN EU MEMBER STATES
Ilona Jancarova
School of Law, Masaryk University, Veve í 70, 611 80 Brno, Czech Republic
296

375

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
EPIGEAL MACROFAUNA AND GROUND BEETLE COMMUNITIES
ACROSS THE GARBAGE DUMP SITES
Beáta Baranová1, Danica Fazekašová2, Tomáš Jászay3
1

Department of Ecology, Faculty of Humanities and Natural Sciences, University of Prešov in Prešov, 17. novembra 1, 081
16 Prešov, Slovakia
2

Department of Environmental Management, Faculty of Management, University of Prešov in Prešov, Slovenská 67, 080 01
Prešov, Slovakia
3

The Šariš Museum in Bardejov, Department of Natural Sciences, Radni né námestie 13, 085 01 Bardejov, Slovakia

311
THE CHANGES IN SUNFLOWER YIELD AND SEED QUALITY BY APPLYING
ELECTROMAGNETIC FIELD WITH EXTREMELY LOW FREQUENCIES
AND ELECTRON SEED DISINFECTION
Marinkovi B. Duško1, Marinkovi J. Branko2, Dragoslav Mircov-Vlad3, Marinkovi B. Jelena4
1

Victoria Group, Hajduk Veljko Sq. 11, 21000 Novi Sad, Serbia

2

University of Novi Sad, Faculty of Agriculture, Dositej Obradovic Sq. 8, 21000 Novi Sad, Serbia

3

Banat’s University of Agricultural Sciences and Veterinary Medicine, Celea Aradului, 300645 Timi oara, Romania

4

Institute of Field and Vegetable Crops, Maxim Gorky Sq. 30, 21000 Novi Sad, Serbia

319
BULGARIAN SYSTEM FOR AIR POLLUTION FORECAST
Dimiter Syrakov1, Maria Prodanova1, Kiril Slavov1, , Iglika Etropolska1
Kostadin Ganev2, Nikolai Miloshev2, Todor Ljubenov3
1

National Institute of Meteorology and Hydrology, Bulgarian Academy of Sciences,

66 Tzarigradsko Chausee, Sofia 1784, Bulgaria
2

National Institute of Geophysics, Geodesy and Geograpgy, Bulgarian Academy of Sciences,

Acad. G. Bonchev Str., Bl.3, Sofia 1113, Bulgaria
3

Space Research and Technology Institute, Bulgarian Academy of Sciences,

Acad. G. Bonchev Str., Bl.1, Sofia 1113, Bulgaria
325
SOIL MICROBIAL ECOPHYSIOLOGICAL RESPONSE ON PRESCRIBED BURNING:
HETEROTROPHIC RESPIRATION RATE AND MICROBIAL BIOMASS
Svetlana Yu Evgrafova and Ivan V Kosov
V.N. Sukachev Institute of Forest SB RAS, 660036, Krasnoyarsk, Akademgorodok 50/28, Russia
335
THE UNIQUE CHARACTER, FUNCTIONAL ZONNING AND GYOSYSTEMS
CONSERVANCY OF THE CENTRAL ECOLOGYCAL ZONE OF LAKE BAIKAL
Tatiana I. Konovalova, Lidiia T. Sherstobitova
V.B. Sochava Institute of Geography, Siberian Branch of Russian Academy of Sciences,
1 Ulan-Batorskaya St., Irkutsk, 664033, Russia
343

376

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

Journal of International Scientific Publications:
Ecology

Safety, Volume 7, Part

ISSN 1313-2563, Published at: http://www.scientific-publications.net
INVESTIGATION OF SOME ATMOSPHERIC POLLUTANTS IN BULGARIA
Zdravka V. Nikolaeva
Prof. Assen Zlatarov University, Burgas 8010, Bulgaria
361

377

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

