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Abstract 
Implementation of stringent regulations of NOx emission requires the development of technologies for 
NOx removal from exhaust gases. In the introduction of this article the formation and the influence of 
NOx on environment and human health as well as the current state of NOx abatement strategy are 
summarized. The implementation of one among the so-called primary methods of the decrease of the 
NOx emissions was analysed on the test combustion facility regarding its reduction effectiveness in the 
course of combustion process. The propane-butane is used as a gaseous fuel. Standard industrial 
partially premixed gas burner applied very often in industrial metallurgical furnaces is considered as 
a candidate for implementing strategies for control of the pollutant emissions. As a method of 
temperature decrease in the combustion zone the external recirculation of flue gases was applied 
varying the excess air, the quantity of recycled flue gases and the thermal load. The recirculation of 
combustion gases was shown as the most effective method resulting in a reduction of the NOx 
emissions by up to 64%. 

Key words: combustion process, propane-butane, NOx emissions, flue gas recirculation     

 

1. INTRODUCTION 

Air pollution constitutes are one of the major problems in urban areas where many sources of air-born 
pollutant are concentrated (Chaloulakou et al., 2008). The notion “air pollutant” covers all substances 
which may harm humans, animals, vegetation and materials. The main sources of air pollution are the 
combustion processes of fossil fuels used in power plants, vehicles and other incineration processes. 
Diminishing the emission of more than 100 kinds of noxious substances resulting from the combustion 
of fuels and emitted into the environment, among them about 70% NOx and SO2, about 60% CO, 55% 
dust and 98% CO2 (Wilk, 2002), is the fundamental duty of thermal and environmental engineering. 

Nowadays the need to minimize energy consumption per unit of product is one of the key factors in 
selecting designs for industrial furnaces. It is expected that new, high-performance designs will 
provide smaller, more compact furnaces offering low capital investments. In designing or selecting 
high-efficiency furnaces, several environmental aspects must be taken into account. These include 
considerations on emissions of carbon dioxide, carbon monoxide and nitrogen oxides.  

NOx are considered the primary pollutants of the atmosphere, since they are responsible for such 
environmental problems like photochemical smog, acid rain, tropospheric ozone, ozone layer 
depletion and even global warming caused by N2O. Further to the above, they cause many health 
problems in humans exposed to high concentrations of these gases (Skalska et al. 2010).  

The primary sources of NOx emission (Elzey et al., 2008) are motor vehicles (55%) and industrial, 
commercial combustion processes (45%). Since the last century, increased combustion of fossil fuels 
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has been a primary source of NOx, leading to the increase of pollutant concentration in the atmosphere. 
However, other sources of NOx such as the production and use of nitric acid should not be neglected. 
During nitric acid plant operation as well as nitrification and oxidation of organic compounds with the 
use of nitric acid, nitrous gases in varying concentrations are formed (Dyer- Smith and Jenny, 2005). 

The legislation relating to NOx emissions is strict, and permissible emission levels are constantly being 
reduced. It is worth noting that NOx, in addition to having many well-known adverse effects, is also 
one of the greenhouse gases listed by the Gothenburg and Kyoto Protocols.  

Burner is always one of the key components of any combustion system. There are many factors related 
to the design of a burner that have significant impact on the emissions from its flame. Nitrogen oxides 
are a significant threat to the environment, and combustion systems are a major source of these 
pollutants. Bearing this in mind, the development of efficient, low polluting combustion systems is a 
major goal of combustion researchers.  

Different strategies to reduce the amount of NOx realized into the environment from combustion 
devices have been developed, where the flue gas recirculation (FGR) is one of the main techniques 
used to prevent NOx formation in accordance with the limit level of the regulation at a lower cost. This 
paper presents the result of a series of laboratory tests to determine the emissions of nitrogen oxides 
from the standard conventional partially premixed gas burner, which is applied very often in industrial 
practice. Propane-butane was used as a fuel. The objective of this work is to investigate the effect of 
flue gas recirculation on pollutant emissions of nitrogen oxides adjusting the excess air, the quantity of 
the recirculated flue gases in the combustion air and the thermal load. 

 

2. THE FORMATION AND REDUCTION OF THE EMISSION OF NITROGEN OXIDES IN 
THE COURSE OF COMBUSTION 

2.1. Nitrogen oxides 

Taking into account the amount of emitted substances as well as their noxiousness, one of the main 
contaminations are nitrogen oxides, which include: nitric oxide (NO), nitrogen dioxide (NO2) and 
nitrous oxide (N2O). NO and NO2 are collectively referred to as NOx. Typical combustion gases 
contain mainly two kinds of nitrogen oxides NO and NO2. The volumetric share of NO amounts to 
about 95% or even more, the rest is NO2.  

Among all the nitrogen oxides, NO2 is most harmful. It has a characteristic reddish-brown colour and a 
pungent and choking odour that can be smelled at concentrations of 200 to 410 µg/ m3. NO2 irritates 
the lungs, making them swell, and leads to reduced blood pressure due to an expansion of the blood 
vessels, and also affects the nervous system. Studies focused on risk assessment showed that high 
outdoor NO2 concentration observed in residential areas contributes to increased respiratory and 
cardiovascular diseases and mortality (Chaloulakou et al., 2008). 

As a triatomic gas, N2O is one of the greenhouse gases. It absorbs infrared radiation with 270-time 
higher intensity than CO2 (Wright, 2003). Besides, it takes part in complex reactions in the 
stratosphere, which can lead to a depletion of ozone layer (Aneja et al., 2001), and indirectly affects 
the ozone layer through photochemical reactions (Ogawa and Yoshida, 2005).  

Nitrogen oxide is a colourless odourless gas and is not as harmful as NO2 but affects the central 
nervous system and, in the case of high concentration, transforms oxyhaemoglobin in the blood to 
methaemoglibin (Wilk, 2002). However, NO is the main source of NO2 because emitted into the 
atmosphere, due to the ultraviolet radiation of the Sun, forms NO2.  

Further to the above, NOx emission contributes to many environmental problems like acid rain, 
photochemical smog, greenhouse effect, etc. NOx and many volatile organic compounds (VOC) are 
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considered ground-level ozone precursors. Furthermore, the mixture of NOx and VOC in the 
atmosphere exposed to sunlight can result in the formation of photochemical smog, whereas NO and 
NO2 together with sulphur dioxide SO2 are the major contributors to acid rain. Acid rain is likely to 
generate further environmental effects like deforestation and soil and water acidification. It also causes 
material losses, e.g. destruction of buildings and monuments, and crop damage (Devahasdin et al., 
2003). 

Unlike NO and NO2, N2O has a long half-life around 100 to 150 years. However, it is not as reactive 
as NO and NO2. As a result of these traits, NO and NO2 are mainly the problem in close range of its 
emission sources, whereas N2O emission can be considered more as a global problem. 

A source of NO is molecular nitrogen from the air or the nitrogen contained in the fuel as a component 
of the organic combustible substances. Thus, NO may be classified as air NO or fuel NO.  In the case 
of the formation of NO there are four different mechanisms: the thermal mechanism, the prompt 
mechanisms, by means of N2O and the fuel NOx (Baukal, 2004). According to these mechanisms, the 
air NO is classified as thermal NO, prompt NO and derived from N2O. 

Thermal NOx is formed as a result of the oxidation of nitrogen to NOx through a reaction path that 
involves oxygen, hydrogen and hydroxyl radicals. The direct reaction between nitrogen and oxygen 
molecules also contributes to the formation of this pollutant species via the thermal mechanism. The 
rate of thermal NOx formation is extremely sensitive to the local temperature of the flame (Fig. 1) and, 
to a lesser extent, to the local concentration of oxygen, as well as the time that the reagents N2 and O2 
stay in the flame area. Accordingly, the decrease of high flame temperature, the avoidance of too 
much excess air and the reduction of the residence time of the reagents in the high-temperature zone 
can reduce thermal NOx formation. 

 

 
 

Fig. 1. NOx formation in relation to the flame temperature [3] 

 

Prompt NOx is the conversion of nitrogen through a radical reaction network, which involves the 
formation of hydrocarbon radicals with HCN as an intermediate. Prompt NOx is favoured by excess of 
hydrocarbons and it is less temperature dependent than thermal NOx and the reactions are fast 
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compared to thermal NOx. Avoiding local excess of unburned hydrocarbons and keeping the flame 
lean of fuel can reduce prompt NOx formation. 

Amount of the formed fuel oxides, reaction between chemical bounded nitrogen and atmospheric 
oxygen, depends on the content of nitrogen and its chemical bound, type and structure of the fuel and 
type of the combustion process.  

The quantitative evaluation of the influence of all these sources on the emission of NO depends on the 
temperature level in the combustion zone, the content of nitrogen in the fuel, the local concentration of 
oxygen, the aerodynamics of the flue gases, the rate of preheating of the air and/or fuel, the residence 
time in the reaction zone, the presence of additives etc. It was shown that the main factors which 
influence NOx formation to a great extent are the excess air and the temperature of preheated air 
(Carvalho et al., 1992). 

2.2. Thermal nitrogen oxide 

Since gaseous fuels, such as natural gas or propane-butane, do not contain any chemical bound 
nitrogen, the main mode of NO generation is the thermal mechanism comprising the reactions of 
oxidizing the nitrogen taken from the air. These reactions are described by Zeldowich and his co-
workers [13,14] and their rates are significant at temperatures exceeding 1400°C. Zeldowich's theory 
properly interprets the process of the NO generation in the case of lean or nearly stoichiometric 
flames. The thermal or Zeldovich mechanism consists of two chain reactions: 

 
1

2O+N NO+Nk          (1) 

2
2N+O NO+Ok ,         (2) 

 

which can be extended by adding the reaction 

 
3N+OH NO+Hk ,        (3) 

 

where k1, k2 and k3 are coefficients of the reaction rates. The reaction (1)(3) are preceded by the 
dissociation reaction: 

 

 2O +M O+O+M          (4) 

 

where M is a inert particle functioning as an energy carrier. At temperature of the premixed flame 
above 1773°C the reaction (4) reaches approximately its equilibrium. Reaction (3) has an essential 
significance in the combustion of moist hydrocarbon fuels, particularly when OHHO (Wilk, 2002) 
and in other cases, in general, it not taken into account.  

This, so-called, the extended Zeldovich mechanism is coupled to the fuel combustion chemistry 
through the O2, O and OH species. However, in processes where the fuel combustion is complete 
before NO formation, i.e. where the NO chemistry is much slower than the combustion chemistry, 
these two processes may be uncoupled. For instance, in combustion processes, as in the case of 
turbulent premixed flames, the residence time of the reagents in such installations is much shorter than 
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required to reach its equilibrium. At a temperature of the flame gases in the interval of 14001600°C, 
the time needed to reach a componential equilibrium in combustion gases (N280%) amounts to 
2,315,5s (Wilk, 2002). Of the other part, the N2, O2, O and OH concentrations have time to 
equilibrate and it can be assumed that they are at their equilibrium values and N atoms are in steady 
state (Turns, 2000). 

The first reaction is slow and, hence, rate limiting while the second is extremely fast. Making the 
additional assumption that the NO concentrations are much less than equilibrium values, the reverse 
reactions can be neglected and this yields the following rather simple rate expression for the NO 
formation (Turns, 2000): 

 

     1 2eq eq

d NO
2 O N

d
k

t
 .        (4) 

 

2.3. Reduction of NOx emissions 

Reduction of nitrogen oxide formation by combustion of different fuels is actual subject of different 
scientific researches and industrial experiments on the field of both main ways of nitrogen oxides 
reduction. The first very often preferred way is to eliminate the formation by means of the 
sophisticated design and placement of burners and geometry of the furnace. This way has its limits in 
the form of other factors – required size and shape of the flame, fuel burn-out along the length of 
flame (thermal radiation along the length of flame), installations dimensions, etc. These types of NOx 
reduction, which take place in the course of combustion, belong to the so-called primary methods of 
the decrease of the NOx emissions mainly realized by staged combustion (air staging, fuel staging or 
air and fuel staging), reducing the temperature in the flame, supply of ammonia or urea into the 
combustion chamber. 

The second way is the reduction of already formed nitrogen oxides by means of selective non catalytic 
reduction (SNCR) or selective catalytic reduction (SCR). The flue gas cleaning by means of SCR or 
SNCR brings problems with investments costs, life-span of the unit, dosing of ammonia or urea and 
their potential cleaning from flue gas. 

2.4. Recirculation of flue gases 

Since in this paper the propane-butane is used as the fuel, it is necessary to take in account the 
formation of thermal and prompt nitrogen oxides only. However, the possibility of prompt-NOx could 
be negligible, due to the fact that the industrial furnaces mostly run under oxygen rich conditions.  
Therefore the main problem of the reduction of nitrogen oxides formation is to eliminate the thermal 
nitrogen oxides formation by means of decreasing of the local peak temperature values and decreasing 
of local partial pressure of oxygen. The groups of techniques for the nitrogen oxides reduction are very 
well known as staged fuel or combustion air supply, internal or external flue gas recirculation, 
combination of the named techniques and the last technique is reburning (Hill et al., 2000). All of 
these techniques are by far the most widely used in industry because they prevent NOx formation in 
accordance with the limit level of the regulation at a lower cost acceptable to manufacturers. These 
technologies have in all cases been developed to reduce temperature peaks in oxygen-rich parts of the 
flame. Principal reduction is in thermal-NOx. Because of the high activation energy of the thermal-
NOx mechanism, due to the strong triple bond in the N2-molecule, any scheme that suppresses peak 
temperatures will lower the NOx output.  
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It would be beneficial to inject an “inert” gas such as nitrogen or water that both act as diluents 
lowering the local oxygen concentration and whose additional heat capacity lowers the flame 
temperature. For this purpose, exhaust gases are reasonably inert. The effect of high CO2 and H2O 
levels in flue gas is to increase the specific heat capacity of the burned gases for a given quantity of 
heat release, thus lowering the operating temperatures. Since thermal-NOx is the primary source of 
NOx formation from gaseous fuels, such as natural gas or propane-butane, and distillate oils, this 
method is particularly successful with oil or gas fired burners because these fuels are generally lower 
or devoid of nitrogen, 

By recirculating part of the flue gases (15 to 20%), NOx emissions can be distinctly reduced. A portion 
of the product gases leaving the combustor is sent back to the inlet combustion air. When this effective 
process is done on atmospheric furnace flame, it is called flue gas recirculation (FGR). The ratio of the 
stream of recycled flue gases versus the total stream (fuel+air) is called the recirculation ratio. The 
recirculation can be done either by returning a part of cold (or rarely hot) combustion gases from the 
exhaust by mechanical means into the combustor (external FGR) or by entraining the product gases 
from the combustion zone by high velocity air or fuel jets (internal FGR).  It was reported that with the 
20% flue gas recirculation the 30% reduction could be achieved for hard coal as fuel, whereas for gas 
and oil the reduction ranged from 65% to 80% for about 25% flue gas recirculation (Javed et al., 2007; 
National Energy Technology Laboratory, 2008). However, the amount of flue gas recirculated cannot 
be too high, otherwise it will destabilize the burner flame. 

External FGR is the most widespread technique in industry. Recycled gas may be supplied to the 
burners or added to the combustion air by means of a high-temperature fun and control system. 
Adjusting the flue gas recirculation rate (15 to 20%), this technique can lower NOx by a factor of 2. 
NOx can in any case be broth below 100 mg/m3 (Scrive, 1995). The influence of flue gas recirculation 
on the NOx emissions from turbulent jet flames has been extensively studied and the recent results of 
research can be found in the next references. Experimental results (Teng et al., 1996) demonstrate that 
FGR can be used in the case of reheating furnaces in steel plants to reduce NOx formation when the 
emission standard cannot be met by operational adjustments. The paper (Baltasar et al., 1997) presents 
an experimental and numerical study of the effect of FGR on flame characteristics and pollutant 
emissions performed in a small-scale laboratory furnace fired by a gas swirl burner of industrial type. 
NOx was reduced to 25 ppm for pulse combustion hot-water boilers (Michel et al., 1993). The optimal 
combinations of the preheated air temperature and oxygen concentration have been predicted in the 
case of FGR, which could provide the highest possible temperature in the furnace while keeping the 
NOx emission lower than the permitted value (Yuan, J. et al., 1998.). The combination of air 
preheating and FGR not only improves the combustion efficiency, but also suppresses NOx emission 
in the combustion process (Guo et al., 1998). Modern low NOx domestic oil and gas burners use the 
effect of flue gas recirculation to lower combustion temperature and hence to reduce the amount of 
NO being formed (Dreher et al., 1996). In order to reduce NOx emission, FGR applied to midsize 
power plants are discussed (Vermes, 2003). The paper (Varga et al., 2004) presents the result of a 
series of laboratory tests to determine the emissions of nitrogen oxides and carbon monoxide from a 
standard natural gas fired burner. Significant reductions in the NOx and CO emissions were achieved 
by external flue gas recirculation. 

In furnace gas recirculation (internal FGR), the combustion products inside the furnace are 
recirculated back into the flame or inside the burner to mix the fuel or the oxidizer (Baukal, 2000). 
External FGR requires an external fan and insulated ductwork, which makes it much more expensive 
than internal FGR, but this method has better control because the amount of flue gas recirculation can 
be controlled independently on the burner conditions. However, one advanced way of reducing the 
flame temperature by internal FGR is to use the principle of “flameless combustion”. This principle 
has been known for many years but has only recently been exploited industrially. The increase in the 
fuel efficiency requires both high process temperatures and efficient heat recovery systems. Such 
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applications when equipped with conventional combustion technologies result in excessive NOx 
emissions. The problem encountered with this approach was a tremendous increase of NOx emissions, 
linked to the high temperature of the combustion air. Several methods were studied to reduce the NOx 
level and among them the most important events that led ultimately to the development of flameless 
combustion were: 

(a) Nakamachi et al. [27] patented a new method for combustion in furnaces; 

(b) Wuenning developed the FLOX technology [28]; 

(c) IFRF developed the Scaling 400 burner (Weber, 1993). 

High Efficiency Combustion (HEC), also known as High Temperature Air Combustion (HiTAC) or 
Mild Combustion is a new developed combustion technology that combines high thermal efficiencies 
with reduced NOx emissions (Cavaliere et al., 2003, Tsuji et al., 2003). Since a visible flame cannot be 
observed, this combustion mode is also called flameless combustion.  

This so-called “advanced” combustion technique, relating to high investment costs at replacement the 
existing combustion systems, it will not be further considered in detail because the focus of this paper 
is given on retrofit measures using commercially available technologies for lowering NOx emissions 
on the existing furnaces equipped with conventional combustion technologies. 

 

 
Fig. 2. Experimental scheme (top view) of the test combustion facility with measuring equipment 

 

3. EXPERIMENTAL FACILITY 
The present paper describes at the propane-butane combustion the influence of the variation of air-
fuel-ratio, the variation of thermal load and the variation of the quantity of recirculation gases on the 
formation of nitrogen oxides. Non-preheated atmospheric air was used as the oxidizer. 
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Experimental data were obtained from testing a low-NOx burner at the experimental facility intended 
for testing and improving industrial burners (Fig. 2). The main device of the experimental facility is 
horizontal combustion chamber with a low-NOx burner. The combustion chamber volume is insulated 
with a refractory concrete insulation. 

In Fig. 3 the principle scheme of the standard industrial partially premixed gas burner designed for low 
NOx emissions is presented. The whole combustion air enters the burner chamber through the air 
nozzles inclined to the axis of symmetry of the gas gun. With also inclined gaseous fuel nozzles in 
regard to the air nozzles a stabilized turbulent flame is achieved in order to realize a smaller reaction 
zone. The reactive zone of the burner covers only a very small part of the volume of a combustion 
chamber because normally the main parts of the reactions take place within the combustion chamber 
and the nearly burned out combustion gases enter into the smoke duct where the left reactive 
components will react.  

 

 
Fig. 3. Nozzle-mixing gas burner 

 

4. EXPERIMENTAL RESULTS 

The effectiveness of FGR depends on both the quantity and temperature of the recirculated gas. In this 
case, the experiments were performed with cooled recirculated gas at temperatures less than 300 ºC. 

The first experimental investigations were done at the constant burner input of 16 kW with propane-
butane as a fuel. The recirculated part of flue gases in the mixture with combustion air was varied 
between 0 and 20 %. The value of air-fuel-ratio was 1.1n  . The results are shown in Fig. 4.  
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Fig. 4. Influence of the flue gas recirculation on NOx emission at the air-fuel-ratio of 1.1 

and the burner input of 16 kW with propane-butane as a fuel 

 

As it can be seen from Fig. 4 the NOx emissions without recirculation of the flue gases reaches the 
value of about 100 ppm. This is relatively low emission due to the high fuel flow rate and intensive 
mixing with the air, which reduce residence times (smaller flame) and thickness of above mentioned 
the flame regions.  

If the quantity of recirculating flue gases in the combustion air increases from 0 up to 20 %, the actual 
NOx values (at 3% O2) decrease. For fire operation at the excess air of 1.1n  , the decrease in NOx  
emissions is approximately 64%. It is known that the natural gas or propane-butane fired industrial 
furnaces mostly run under close this condition.  

The decrease in NOx emissions is due to first of all the flame temperature reduction. In Fig. 5 is shown 
the influence of the quantity of recirculating flue gases in the combustion air on the temperatures of 
flue gases measured in the combustion chamber at the excess air of 1.1n  .’ 

 

 
Fig. 5. Influence of the flue gas recirculation on the temperatures of flue gases measured in the 

combustion chamber at the excess air of 1.1n   
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As indicated in the introduction discussion of Zeldovich mechanism in premixed systems, 
temperature, composition and time are the important variables determining NOx emissions (Eqn. 1). 
These variables are also controlling in non-premixed flames, however, the composition varies from 
point to point in the flow and is governed by fluid mechanical mixing. The thermal-NOx is produced 
primarily in flame regions that have simultaneous high temperatures and high concentrations of O and 
OH atoms, i.e., condition near stoichiometric.  

In the paper [32] (Lazić et al., 2004) is presented a numerical study how the theoretical composition of 
the furnace gases in equilibrium conditions varies with the quantity of recirculating flue gases (Fig. 6). 

 

 
Fig. 6. Equilibrium composition of product species as a function of the quantity of recirculated flue 

gases for methane combustion at n = 1.11 

 

It is shown how the theoretical composition of the furnace gases varies with the quantity of 
recirculated flue gases. Some of the minor species of equilibrium combustion such as the O atom and 
the diatomic species OH and NO are shown. The atoms N and H are not presented because their levels 
are below 100 ppm and 1 ppm, respectively. Thermal NO is produced primarily in flame region that 
have simultaneously high temperatures and high concentrations of O and OH atoms, i.e. conditions 
near stoichiometric. Accordingly, the O and OH maxima have implications for the kinetics of NO 
formation. The level of the hydroxyl radical OH is more than an order of magnitude greater than the O 
atom. On the other side, N-atom concentrations are several orders of magnitude less than those of the 
O atoms. The lack of dissociation of the N2 molecule is a result of the strong triple covalent bond. NO 
concentration rapidly falls with the quantity of recirculated flue gases. In the combustion process 
under consideration the residence time of combustion gases is of the order 0.5 s. Therefore, the NO 
chemistry is much slower than the combustion chemistry and the actual NO concentrations shown in 
Fig. 4 are much less than equilibrium values.                                                  

In the second stage of investigations the burner input was varied between 16 and 22 kW and at the 
variable value of air-fuel-ratio of 1.1n   and 1.2n  . The results are shown in Fig. 7. 
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Fig. 7. NOx emissions as a function of the variation of the burner input and value of air-fuel-ratio 

 

The variation of thermal load for the combustor from 16 kW to 22kW resulted in the increase of NOx 
emissions of  27.5% at 1.1n   and 21.9% at 1.2n  . 

Increasing the excess air level without recirculation of the flue gases shows a marked influence on the 
NOx. Increasing the excess air from 1.1 upon 1.2 causes an increase in the actual NOx values (at 3% 
O2) and this is evidently due to the increase of O2 content in the reaction zone. Increasing the excess 
air the NOx emissions are observed to increase by approximately 5060 %. In addition, the reduction 
of NOx emissions conducted by increasing the excess air considerable above the stoichiometric 
conditions is not economically suggested because of the decrease of combustion efficiency. 

These represent the best possible reductions in the NOx emissions that are achievable by balancing the 
quantity of recirculating flue gases with quantity of combustion air. The marked reductions in the NOx 
values are in the region of the amount of FGR rate from 0 up to 10 %. Taking into consideration the 
amounts of reductions in the emissions and, on the other hand, the lowering of combustion efficiency 
because of the decreasing of operating temperatures, the optimum value of FGR rate is between 10 
and 15 %. 

 

5. CONCLUSION 
At the present time, the advances made in the standard burners have succeeded in lowering NOx 
emissions to levels below 200 mg/m3 for natural gas and propane-butane, without using any special 
techniques. With regard to regulations lowering emissions thresholds to 100 mg/m3 or less, where such 
changes made, this would give rise to the development of low-cost technologies for further lowering 
oxides of nitrogen. The two techniques currently taking the forefront are waste gas recirculation and 
gas staging. 

The results of the study provide useful independent information on the practical limits of flue gas 
emissions that are achievable using standard industrial low NOx burner and advanced techniques for 
reducing NOx emissions. It is showed that external flue gas recirculation can be used safely and 
effectively with existing burner hardware and that the significant reductions in the NOx emissions of 
approximately 64 % are possible without significant effects on flame stability and overall combustion 
efficiency. 
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These results also may benefit manufacturers intending to develop appliances to meet the requirements 
of impending legislation. Particularly, it is very significantly if the combustion air, reacted with the 
fuel and used for firing industrial furnaces, is preheated by the hot exhaust gases to improve thermal 
efficiency. As the combustion air temperature rises, the flame temperature increases resulting in an 
over proportionate increase in thermal NO formation. Depending on the type of burner used, NOx 
emissions may therefore be extremely high. Reduction in emissions can be improved by incorporating 
FGR. 
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Abstract 
The intensification and development of agriculture, the irrigation projects, the construction of 
drainage-anti erosion-anti flooding protection works, the construction of roads, the arrangement and 
redirection of the main beds of rivers and torrents, the uncontrolled pumping of underground waters,  
the uncontrolled watering from surface water tables, the construction and function of the hydroelectric 
power dams and irrigation dams, the sand extraction activities from river beds and the massif 
occupation of the man activity in the coastal zone, constitute among other significant human 
interventions for both the natural and the anthropogenic environment of an area. Serious problems 
appear in the natural environment, especially when these projects are located in such a position to 
destabilize the environmental balance of the area and to alter the natural evolution of the parameters 
that are directly correlated with the creation, preservation and development of “fragile” and 
“dynamically developing” ecosystems such as those of the Venice lagoon in Italy, Katafourko lagoon 
in Greece and the Deltas of Po river in Italy and Arachthos river in Greece. This work deals with the 
comparative account and evaluation of the impact to the environment and especially the alterations to 
the geomorphological structure and the hydro-geomorphological processes caused by the man activity 
on the mentioned areas.  

Key words: Coastal zone, environmental impact, geomorphology, human activites, wetlands, lagoons, 
deltas  

 

1. INTRODUCTION   

The destabilization of the balance of the coastal zones, the decrease of the rate of the advance of the 
coastline at the Deltas and the estuaries of some sites and the intensification of erosion phenomena as 
well as phenomena of regression of the coast line, constitute a common factor for large parts of the 
coast of Northern Italy and Western Greece, more so after the year 1950. This situation does not 
comply with the general tendency of coastal zone accretion that characterized the 19th century and is 
mainly due to the human activities and especially to the construction of all sorts of projects big and 
small, which due to their nature and position, cause changes in the natural evolution of the landforms 
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and the hydro-geomorphological processes or in some cases reduce the input of sediments in the 
coastal area.  

Also, among those man-made changes on the natural environment, on the landforms and the hydro-
geomorphological processes which appear in some of the study areas, including the following: a. 
Changes at erosion phenomena of the river basins and at the movement-deposition of suspended load, 
b. Deposition of  the suspended load - materials into the artificial lakes of large dams and reservoirs, c. 
Absence of the naturally expected “ecological” sediment supply downstream of the large dams and 
reservoirs, d. Filling of lakes or lagoons with sediment, e. Land sinking, land subsidence, f. Elevation 
of the riverbed, g. Creation of new Delta - advance of the coastline, etc. Noted that under study deltas 
and lagoons under study constitute dynamic geomorphological systems where the hydro-
geomorphological processes evolve at a relatively high speed. 

Human activities in the study areas, was of different aims in each location, but it all resulted in the 
disruption of the natural environment and alteration of the dynamic evolution of the hydro-
geomorphological processes which has led to the creation of an “artificial” environment, controlled to 
a great extend by human power and which in turn, in the long term re-strengthens and re-enforces the 
possibility of environmental destabilization. 

 

2. MATERIALS AND METHODS   

2.1 Geographical location and geomorphology of the study areas  

This study focuses in four littoral “fragile” and “dynamically developing” ecosystems which have 
undergone intense alterations due to human activities in the greater area or on their coastal zone. These 
areas are found in north-eastern Italy and in north-western Greece and more specifically these areas 
are:  

2.1.1 Delta of Po river and the complex of lagoons area (North-eastern Italy) 

An extended lobate shaped Delta has been formed in the area of the estuaries of Po river, which area is 
supplied with the suspended load –sediments- from its drainage basin. The Po river Delta, in the 
Adriatic sea, is the extreme manifestation of the complex morphological events, which in the arc of 
about one million years have from the beginning filled the vast area enclosed by the Alps and the 
Apennines with sediments, thus constructing the Po valley, about 34,000 Km2, that extends into the 
Adriatic sea, giving rise to a projection of the delta. The formation process of the deltaic system dates 
back to about 2,000 years. Today the Po Delta is formed of 5 principal outlets and 14 secondary 
tributaries. The surface is 73,000 hectares, of which 60,000 are reclaimed land and the remainder are 
brackish lagoons, with dams or open foreshores and emerging sandy banks (Marabini, 1997). This site 
includes the wetlands, the complex of lagoons (Valle di Comacchio, Valle Bertuzzi, etc.), the 
protected areas “Parco del Delta del Po -Emilia-Romagna” and “Parco Regionale Veneto del Delta del 
Po” and the estuaries of Po river to the Adriatic sea and is located at east of the town of Ferrara, north 
of the town of Ravenna and south of the Venice lagoon. The continuous riverborne sediments have 
progressively heaped up the expansion into the sea of the deltaic system (Code Number 1 It). 

2.1.2 Venice lagoon (North-eastern Italy) 

The lagoon of Venice has a longitudinal arch shape and occupies an area of 550 km2, out of which 
approximately 11% constitutes the main water body, while 80% consists of swamp-marsh areas. Its 
length is 50 km and its width is 8-14 km. Nowadays the lagoon communicates with the Adriatic sea is 
through three natural openings - channels of communication. The bottom and the surrounding area of 
the lagoon have been formed by alluvial formations-sediments and especially by successions of sand, 
sand sludge and sludge which vary in composition, depending on their location (Enzi and Marabini, 
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1992). The river bodies “Adige”, “Bacchiglione”, “Brenta”, “Sile” και “Piave”, which during the past 
have been discharged inside the lagoon of Venice have already been diverted by human intervention 
and are now discharged into the Adriatic Sea. The underground water table in the greater area of the 
lagoon is differentiated: α. at the “shallow well table”, and β. at the “deep water table under pressure” 
(Carbognin et. al., 1984). The lagoon of Venice is seriously threatened by the phenomenon of the high 
level of the tide, known as “acque alte”, which has been recorded since the beginning of 1900 and 
whose rate of occurrence has increased considerably since 1950, resulting in more frequent flooding of 
the inhabited islets of the lagoon, including the city of Venice (Code Number 2 It). 

2.1.3 Delta of Arachthos river and the complex of lagoons area (North-western Greece) 

River Arachthos drains an area of 1.850,85 km2. It contributes significant amounts of suspended load 
(around 2.900.000 m3/year), to the low lying area of discharge, due to the presence of erosion prone 
flysch in its basin (Mertzanis, 1992). These sediments are deposited and enhance the plain of the town 
of Arta and the Delta, which morphologically is of the type of “bird pad” (Galloway, 1975). In the 
area of discharge of the estuaries of Arachtos and its neighboring Louros river, an extended complex 
of wetlands (lagoons and deltas), has been created. Here we are talking about the wetlands, the 
complex of lagoons (Logarou, Tsoukalio, Rodias lagoons, etc.), the protected areas “Amvrakikos 
Wetlands National Park” and the estuaries of Arachthos river to the gulf of Amvrakikos, south of the 
town of Arta, in Ipiros area (Code Number 1 Gr). 

2.1.4 Katafourko lagoon (North-western Greece) 

The greater area of the Katafourko lagoon is at the lower plain part of the eastern side of the 
Amvrakikos gulf mvrakikos which extends in the western part of Greece. The Krikeliotis torrent and 
the stream Xirorema are the main hydrographic systems that discharge in the eastern side of the gulf of 
Amvrakikos the drainage basins which are formed in the western side of the Makrynoros mountain. 
This site includes the wetlands and the Katafourko lagoon at eastern Amvrakikos gulf (Code Number 
2 Gr). The Katafourko lagoon, in 1945 was around 2.500.000 m2 and it had a long arch shape, while 
according to recent measurements the “water pane” has been limited to the northern part and extends 
to an area of less than 500.000 m2, while its main water volume which is surrounded by marsh-swamp 
areas where hydrophile plants  predominate, it has assumed a “horse shoe” form with slim aquatic 
endings. It’s a shallow lagoon, with a mean depth of 0.2 meters and maximum depth of 0.6 m. 
(Tsamarda Κ. 2006). It is characterized as a “closed” type and is segregated from the sea by a sand 
barrier of approximately 1,000 m. long and mean width of about 25 m. which is significantly 
diminished to the north. It communicates with the sea is through an artificial channel of which the exit 
to the sea shows a bend to the north due to the fact that is also the direction of the transfer of the 
sediments. At the outer side of the lagoon, at the border between the sand barrier and the gulf of 
Amvrakikos, the slopes of the bottom up to the 30 m. depth curve, which is encountered at a distance 
of 600-1.400 m. from the coastline, vary from 1:25 to 1:50. 

2.2 Investigation method  

This study used both secondary and primary data. Secondary data collection involved review of 
existing reports (unpublished, gray and published reports) from libraries and documentation centers in 
various institutions in Bologna and Venice in Italy and Athens and Arta in Greece. Some reports were 
also made available through internet search. Secondary information were supplemented by primary 
data at “wetland unit” level whereby small meeting were made with the commissions of Arta (Greece) 
and the Executive Director and the Planning Officers of the “Amvrakikos Wetlands Management 
Body” and the Planning Officers of the “Parco del Delta del Po -Emilia-Romagna”. For the depiction 
of the condition of the natural environment of the under study wetlands and the fragile ecosystems, 
there were used contemporary and older topographical maps (ancient maps), geological and 
oceanographic maps.  
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Also for the assessment and the evaluation of the impact and the alterations to the natural environment 
of the areas under study, as a result of human activities and especially, to the geomorphological 
structure and the hydro-geomorphological processes inside and outside the wetlands and the fragile 
ecosystems, deltas and lagoons, have been used aerial photographs several years, on various scale as 
well as satellite pictures which were combined with data from the systematic in situ observations of 
the evolution of the hydro-geomorphological processes (sediment deposition inside the wetlands and 
the lagoons, erosion of the delta and the coastal zone, etc.). 

 

3. RESULTS - DISCUSSION    
3.1 Geomorphological evolution of the study areas  

The geomorphological evolution of the areas under study are listed below in more detail and constitute 
the basis for the investigation and assessment of impact-changes in the natural and built environments 
and landforms, caused by human activities. 

3.1.1 Delta of Po river and the complex of lagoons area (Code Number 1 It) 

In 1967, Ciabatti individualized seven beach ridges of sand dunes from the pre-Etruscan period up to 
about 1600 corresponding to shorelines in different times, on which ten cuspate deltas of various arms 
of the Po lie. The deltas after 1600 are lobate; thus, the entire Po River Delta zone has been 
characterized by two phases of deposition (cuspate and lobate deltas) with different growth rates. 

Through a very long, chronological sequence of maps from 1600 up to the present day, the 
morphological evolution of the Po River expansion into the sea and the seafloor can be followed. A 
continuous and conspicuous development seaward of the coastline had occurred for three centuries; a 
lower rate of prograding is observable starting at the beginning of 1900. This low steadily increased 
due to the diminished sediment yield (partly due to man’s intervention) is evident in the 1953 survey. 
In the entire delta, and mostly in the southern coastal section, a regressive process became dominant, 
clearly showing an inversion in the trend (Ciabatti et al., 1984, Cessari et al., 1998).  

By 1500 the southern Venetian lagοon was on the verge of being filled-in, jeopardizing port activity. 
To avoid this, the Venetian Republic in 1599 began the construction of the 7 km long canal, “Taglio di 
Porto Viro”, to divert the Po to the South. This hydraulic work, completed in 1604, accomplished its 
aim and thereafter the Po Delta began to take on its present configuration with an accretion velocity 
toward the south much greater than the previous one (Marabini, 1985a, Bondesan, 1990). It is worth 
reading through the historical chronicles preceding 1600 and concerning the evolution of the Po River 
to evidence how some natural and man-induced events changed the hydrographic features of the Delta 
area in the coastal zone. 

In 1135 (or more probably  around 1150), an important avulsion event, the “breaching of Ficarolo”, 
occured near Ferrara on the left bank of the Po river. There is no news if it occured naturally or due to 
human intervention. It is for sure that in those years the river floods seriously threatened the 
surrounding territories. The breach at the riverbank at Ficarolo could have been caused by the force of 
the river flood or by the intervention made by man to avoid worse disasters elsewhere. Anyway, as a 
result the watercourse was divided into two branches and the main riverbed laden in sediment yield 
moved northward. 

The comparison among the shorelines points out the main advancing from 1600 up to 1750 and 1820 
evidencing the lower rate of increase after this period and before interference of human activity. 
Comparing the width of the strip, in which the cuspate deltas develop, with the remaining distance to 
the sea, we immediately have an idea of how different the rate of growth was before and after 1600. In 
fact, the mean velocity increase from the Etruscan period (about 6th century BC) up to 1600 is 
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estimated about 450 m/century. For the last 350 years instead, considering the 25 km, which separate 
the 1600 shoreline from the present one, it is about 7 km/century (Ciabatti, 1967, Marabini, 1985b). 
The different rate of advancement in the different periods can be explained considering climatic 
changes, the main factor before the role of human intervention. 

Worth observing is the correspondence between the major development of the Po delta system and the 
cold/wet weather conditions; significant examples are the “Ficarolo breach” (12th century) that occured 
during the negative climatic period following the warm/dry medieval climatic one, and the large 
advancing of the Po delta building from 1600 up to 1820 occured during the “Little Ice Age” 
(Marabini and Veggiani, 1990, Marabini and Veggiani, 1991, Marabini et al., 1993, Marabini, 1994). 

A particular case is the description of the evolution in the second half of the 20th century when the 
tremendous effects of anthropogenic subsidence minimized the climatic ones (Carbognin et al., 1984a, 
Carbognin et al., 1984b, Carbognin and Marabini, 1989). Generally speaking, even if the influence of 
man’s intervention (rash removal of riverbed materials, destruction of sand dunes, subsidence by 
extractions of fluids, etc.) on coastal zones during the 20th century, is of primary importance, the role 
of climatic cycles is not negligible (Marabini, 1997) (Figures 1,2,3&4). 

 

   

   

 

Figures 1, 2, 3 & 4: Intense problems of erosion of the beach - regression of the shoreline in the area 
between the mouth of the river Reno and Po Delta (Valle di Comacchio - Upper Adriatic coast of 

Italy) (Fig. 1&2) (Source: A. Mertzanis). Anti-erosion works in the coastal zone (Fig. 3&4) (Source: 
A. Mertzanis). 
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In synthesis we can say that: a. the natural tendency of the river has always been to develop its 
northern branches, while the southern branches have always tended to be less important; b. after the 
construction of the “Taglio di Porto Viro”, canal the accretion of the Delta was southward and the 
velocity of increase became 20 times greater than the average one of the ancient period; and c. the 
present shape of the delta is more the result of human intervention than natural evolution. 

3.1.2 Venice lagoon (Code Number 2 It) 

Venetian land sinking, both natural and induced by groundwater withdrawal, and northern Adriatic 
“sea eustasy”, is a phenomenon which have caused about 23 cm of relative land subsidence referred to 
the mean sea level over the XX century. In other words, the Adriatic Sea level has risen by about 23 
cm with respect to the ground level, definitely altering the relationship between land and water, and 
resulted vital for the city of Venice's existence, in as much as Venice lives in the water. This land 
subidence has also created “chain” effects, both in the natural and in the anthropogenic environment of 
the laggon area and the city of Venice (Marabini and Veggiani, 1991).  

In particular, the phenomenon of land subidence set in motion hydro-geomorphological processes 
which are related to the increase of the events of "acque alte", a local idiom meaning flooding, with 
immediate and indirect damages to population and monumental patrimony, the greater erosion and 
deterioration of the lagoon environment and the sand islands inside it, and the greater fragility of the 
lagoon and the littoral. 

Natural processes and especially the climatic and the geological-geomorphological transformations, 
overlapped the anthropogenic interferences and enhanced the deteriorating situation. The changes -
deteriorations- induced by man in the lagoon area of Venice, were more significant during the last 
century (industrial installations, over-pumping of groundwater, digging and deepening lagoon canals, 
changes in the use of the land etc.), while it is now evident, that the present condition of the lagoon of 
Venice is considered unstable as far as its preservation is concerned. 

The causes that have had a catalytic effect in the sinking of the ground surface and considered in the 
study area are: a. the intensive pumping of groundwater down to about 350 m, mainly performed in 
the 20 years between 1950-1970 for industrial purposes in the “Mestre - Porto Marghera” area, in the 
mainland a few km far form the city of Venice, that induced a serious piezometric drawdown which 
led to the gradual geo-mechanical compaction of the aquitards, resulting in a ground surface lowering 
(anthropogenic subsidence); b. the natural and unavoidable, even if at slow rate, compaction of the  
geological cohesive formations of the subsoil (natural or geological subsidence). In the southern areas 
of the Venetian territory, also the “geochemical subsidence”, which is mostly due to the oxidation of 
the surface layer of the organic soils is added, and c. the eustasy, i.e. the gradual sea level rising which 
in the area of the North Adriatic Sea, and the lagoon of Venice, has been quantified in about 12 cm, 
since 1908. 

More specifically, the lagoon of Venice was created around 6,000 years ago as part of a complex of 
lagoons, in the low coastal areas of Emiglia-Romagnia and Venezia (North-eastern Italy). Around the 
year 1000 AD, occupied the same position today, and the movement of surface water occurred through 
eight natural openings, rather than the current three, which enable communication with the sea. 
(Teodoro Viero, 1799). Today these openings - channels of communication with the Adriatic sea are 
three. The river bodies Adige, Bacchiglione, Brenta, Sile and Piave, which during the past have been 
discharged into the lagoon of Venice offered, significant quantities of fresh water and suspended load -
sediments-, especially during periods of floodings. 

A considerable part of these lagoons has disappeared, after intense anthropogenic interventions, which 
consist primarily to the diversion of the main beds of rivers and torrents, creation and deepening of 
navigation channels, interventions that occurred both during the historical times, and in modern times. 
Clearly visible, they remain important parts of this special environment, including the Venice lagoon, 
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which appears today with serious problems (degradation of water quality, etc) and with different 
morphological-geomorphological characteristics compared with the past (Pavanello, 1931, Gatto and 
Carbognin, 1981, Carbognin et. al., 1985). 

In particular, during the period 1300-1800 AD, for defense and commercial purposes, diversion 
projects of bed of the rivers Adige, Bacchiglione, Brenta, Sile and Piave, were built which discharged 
into the Venice lagoon, in order to discharge these rivers outside the lagoon and prevent the filling 
with suspended load –sediments. At the same time works out dredging –deepening- of navigation 
channels. Similar interventions were made until the XIX century and prevented the filling of the 
lagoon with sediment and the junction of the city of Venice -island- with the mainland, but formed a 
suitable status in which marine processes prevail over the fluvial-land processes, with result the 
intensification of erosion phenomena of the coastal zone, especially the thin sand barrier, which is 
inserted and separates the Venice lagoon from the Adriatic sea, which is a key geomorphological 
features necessary for its protection. 

Apart from these projects to divert river systems, the "Serenissima" Republic of Venice, has 
implemented the necessary interventions for the reinforcement, the so-called “murazzi”, for the 
protection and preservation of the aforementioned sand barrier, which is subject to the destructive 
action of the Adriatic sea, stormy waves (Pavanello, 1931, Carbognin and Marabini, 1989). Further 
differentiation of physiological conditions of hydro-geomorphological evolution of the lagoon of 
Venice, was caused in the second half of last century (XX) by the intense anthropogenic activities 
(industrial plants, pumping of underground waters, deepening of navigation channels). 

Today, in comparison with the past, the area of the lagoon of Venice is smaller and deeper. At the 
same time, seriously threatened by the phenomenon of high tide, called "acque alte", recorded already 
from the beginning of 1900, which, after the year 1950, has grown significantly in terms of incidence, 
particularly during the stormy waves of the winter season, resulting in frequent flooding of inhabited 
islands, that exist within the lagoon, including the cities of Venice and Chioggia (Marabini and 
Mertzanis, 2004, Carbognin et. al., 1985). Also, the sand barrier, which separates the lagoon from the 
Adriatic sea, although enhanced with special protection-anti erosion works, it faces serious problems 
in its conservation and no longer able to protect the lagoon from the risk of flooding. 

Noted that high tides "acque alte", which exceed a height of 100 cm, as shown on average, 
approximately 7 times a year, causing widespread flooding and damage, worsen by a further increase 
of water level. The flooding that occurs in the case of tide with level 120 and 130 cm, exceeding, 
respectively, to the extent of 1/3 and 2/3 of the historical center of city of Venice, and the extreme 
level to 194 cm (4 November 1966), the total flooded area of the city was covered with a layer of 
water around one meter (Figures 5,6,7&8). 

The combination of physical processes, particularly the climate change, with human intervention, 
formed the "basis" for the start of the phenomenon "acque alte", in the lagoon of Venice. Specifically, 
the main causes of the phenomenon "acque alte", are: a. the humiliation of the land surface area of the 
lagoon and the sandy islets, because of intensive pumping of groundwater -the "ground subsidence" 
phenomenon-, b. increase the level sea "eustatism" in combination with increasing levels because of 
their "global warming" and c. the stormy main southeast winds "scirocco", which combined with 
extreme values of high tide, to lead the sea waters and waters of the lagoon, at levels above the current 
ground surface humiliated (Pavanello 1931, Gatto e Carbognin, 1981, Carbognin et al. 1984, 
Carbognin et al. 1985, Carbognin and Marabini 1989, Marabini and Veggiani 1991, Marabini and 
Mertzanis 2004). 
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Figures 5, 6, 7 & 8: Initial stage of the phenomenon of high tide level “acque alte”, (<+1.00 meter) 
outside the Palazzo Ducale and in the square San Marco (City of Venice – Venice lagoon) (Source: A. 

Mertzanis). 
 

3.1.3 Delta of Arachthos river and the complex of lagoons area (Code Number 1 Gr) 

After studying the temporal evolution of the coastal area and of the Delta of the river Arachthos, one 
can see the overall tendency of the sand barriers to shrink, and a tendency of regression of the coast 
line to the west part of its estuaries until Koronisia, with the exception of the occurrence of some local 
phenomena of advance at the mouth of the river. This general tendency of regression follows the 
deprivation of some volume of sediment from the area (around 2.900.000 m3/year), due to the Pournari 
Ι dam, but it is also due to the natural movement of the Delta towards the east (Tziavos, 1989). This 
tendency, for at least as far as the part of the sand barrier which connects Koronisia with Fidokastro is 
concerned, has been set back in the last 20 years when its largest part was converted to a road with the 
known necessary procedures, such as supportive-anti erosion works (water breakers, large limestone 
concrete rocks, rockfill dams, e.t.c.) 

More specifically, ever since the decade of 1960, when we had the construction of the first levees for 
the protection from floods, the irrigation channels and the drainage pits, in the area of the Delta of 
Arachthos, we have started to experience the disturbance of the balance of the coastal area (Mertzanis 
Α., 1992, Papadopoulou K., and Vriniotis D. 2007). This particular destabilization of the balance of 
the coastal area was worsened by the construction of the hydroelectric power dam “Pournari I”, during 
the period 1973-80, in the main bed of the Arachthos river, which is used for coverage of irrigation 
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and potable water supply and flood protection in the region. The dam “Pournari I”, built at 4,5 Km 
north-eastern of the town of Arta, and came into operation in the year 1981. 

This earth dam with central clay core, a total volume of about 9 Χ 106 m3, a 107 m. high and a length 
of 580 m. at the dam crest. The reservoir has a capacity of approximately 730 Χ 106 m3, while the 
surface of the artificial lake is about 20,6 km2 at full supply level and length 17 km. The operation of 
the dam “Pournari I”, combined with the small dam “Pournari II” newly constructed downstream of 
the above and operated since 2000. The dam “Pournari II” regulates the flow of river water Arachthos, 
ensuring a minimum continuous flow irrigation. 

The placement of the dam “Pournari I”, in the main riverbed of Arachthos, in a short distance from the 
area of the estuaries of Arachthos river to the gulf of Amvrakikos, were the cause of interruption the 
transportation and deposition of some volume of sediments from the drainage basin to the downstream 
of the dams “Pournari I & II and in the Delta. Around 2.900.000 m3/year, sediment deposited in the 
reservoir “Pournari I” and thus low alluvial plain of Arta, the Delta and the Amvrakikos gulf devoid of 
significant amounts of sediments and limited to 700.000 m3/year, resulting in reducing of the rate of 
advance of the coastline at the Delta and at the coastal zone and in locations show regression tendency 
(Mertzanis A and Papadopoulos A. 2003) (Figures 9&10).  

 

   

 

Figures  9 & 10: Sand barrier between the Rodia lagoon and the Amvrakikos gulf (Fig. 9) (Source: A. 
Mertzanis). Anti-erosion works in the thin sand barrier between the Logaroy lagoon and the 

Amvrakikos gulf (Fig. 10 (Source: A. Mertzanis) 

 
Local phenomena of sediment deposition, along the shoreline and of advance of the coastline are 
observed in the area near at the outlet mouth of Arachthos river to the gulf of Amvrakikos. This 
advance was mainly due to the supply of the coastal zone with suspended load -sediments- derived 
from erosion of the riverbed and the banks of Arachthos river, downstream of the hydroelectric power 
dams and irrigation dams “Pournari I & II”, during the operation of the dams and of the power plants. 
The suspended load -erosion materials- despite the small quantity, shipped directly to the mouth of 
Arachthos river, without "losses" because of embankment built on the banks of that river. 

3.1.4 Katafourko lagoon (Code Number 2 Gr) 

The Krikeliotis torrent which is the main supplier of “fresh” water and sediments of the lower valley 
area and of the lagoon of Katafourko, during the past it discharged at the eastern side of the gulf of 
Amvrakikos, while ever since 1959, due to human activity has been diverted and is now discharged 
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inside the lagoon of Katafourko. The drainage basin of the Krikeliotis torrent and its three main 
confluent branches Kakavakia, Kothoni and Hava which are asymmetrically positioned to the main 
body of the torrent, drain a significant part of the Makrynoros mountain towards the Amvrakikos gulf. 
The size of the drainage basin is 62,5 km2 and the total length of the of the main bed of the Krikeliotis 
torrent  Ls = 16.0 km (Mertzanis 1992). Out of these, 4.0 km are located in illuviations - valley area 
and exhibit a mainly meander configurationin at least, as far as its naturally developed part which does 
not contain the diversed bed, is concerned. The geological substrate which contains the whole drainage 
basin of the Krikeliotis torrent, with the exception of the lower valley - illuvion part, is composed of 
flysch and especially “Peta sandstone”, and this is a factor which contributes to the creation of a 
relatively extended hydrographic network (0,89 km/km2) and to a production and supply of large 
amounts of products which result from the erosion of the flysch. The total yearly volume of the 
drained water is estimated to be  20.470.000 m3.  

The extremely “fragile” and “protected” ecosystem of the lagoon of Katafourko, ever since August  
1959 and until nowadays is flooded by the water of the  Krikeliotis torrent and at the same time is 
filled from the suspended load -sediments- from this torrent. The generation of new “artificial” hydro-
geomorphological processes due to the artificial diversion of the bed of the Krikeliotis torrent, has 
altered the geomorphological structure and the hydro-geomorphological processes of the study area, 
and this has resulted in the shrinkage of the area of the lagoon and especially of its “water pane” which 
has assumed an area of less than 500.000 m2 as opposed to the 2.500.000 m2 that it occupied in the 
year 1945. At the same time in the coastal zone, have been generated conditions of erosion and 
regression of the coast line, due to the drawing away of the outfall of the Krikeliotis torrent from the 
eastern Amvrakikos gulf and as a consequence the deprivation of the coast from suspended load -
sediments. The phenomena of erosion and regression of the coast line, at least in the northern part of 
the sand strip which separates and “protects” the lagoon of Katafourko from sea action, appear to be 
enforced due to the inhibition of the natural movement of sediments in the coastal - sea area due to the 
construction of the fishing port in the last 15 years. More specifically, according to data from in situ 
observations, the study of aerial photographs of previous years and bibliographical data, it arises that:  

a. Before 1945, the outfall of Krikeliotis torrent entered the Amvrakikos gulf in a trapezoidal 
formation and without any secondary branches. North of the 1945 outfall we can spot an older bed of 
the Krikeliotis torrent. The presence in the map of the Hellenic Navy Hydrographic Service of the year 
1920, of an acute protuberance of the coastline in the area of its end of the old bed, which can not been 
seen in the aerial photographs of the year 1945, supports the view of the presence of an “old bed” 
rather than of the presence of a “catastrophic bed”, a fact meaning permanent or at least of prolonged 
duration, supply of sediment at the outfall of the torrent. Aerial photographs of 1945 show an 
important coastal sediment movement to the north of the outfall which is diminished as we move away 
from the outfall of the Krikeliotis torrent. Aerial photographs of 1960, one year after the artificial 
diversion of the bed of the Krikeliotis torrent to the north and the movement of the outfall of the 
torrent at the south western part of the lagoon of Katafourko, one observes the generation of a typical 
“constructive delta” with lobe type ends of the outfall -High constructive lobate-type according to 
Fisher et.al., 1969. In the coastal area one observes a bend - rise of the north part of the sand strip - 
sand island in the area of the outfall of the artificial bed inside the lagoon. In the area of the “front” of 
the abandoned outfall the initiation of the erosion activities is observed. In the  aerial photographs of 
1980 and 1985 is depicted the progressive filling of the lagoon of Katafourko, from the supply of 
suspended load –sediments- of the Krikeliotis torrent  and the eventual limitation of the “water pane” 
of the lagoon to 500.000 m2 from the 2.500.000 m2 before the year 1945. The length of the sand barrier 
-sand island- is limited to less than 1.100 meters and its width is seriously diminished towards the 
north, to a mean width of about 25 meters. In the area of the abandoned outfall of the Krikeliotis 
torrent, are observed intense phenomena of erosion of the coastal zone and regression of the coast line 
(Anastasakis and Mertzanis 1987). Aerial photographs of 2006 and in the recent satellite pictures is 
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depicted the further shrinkage of the “water pane” of the lagoon of Katafourko, as well as the 
characteristics of the regressing coastline in the area of the old outfall of the Krikeliotis torrent which 
are documented by the form and shape of the coast and also by the presence of “witnessesing” trees 
and residues of roots of bushes at the boundary of the coast line with the sea, or in the sea (Figures 
11&12). 

   

 

Figures  11 & 12: Regressing coast line in the area south of the old outfall of the Krikelliotis torrent 
into the eastern Amvrakikos gulf. The regression of the coast line is documented by the form and 

shape of the coast and also by the presence of “witnessesing” trees and residues of roots of bushes at 
the boundary of the coast line with the sea or in the sea (Source: Α. Μertzanis) 

b. The signs of the intense erosion of the north part of the sand barrier -sand island- due to the 
“entrapment” of the sediments which travel in the coastal area due to the construction of the fishing 
port on the coast of Eastern Gulf of Amvrakikos and in a distance of 1.370 m. at north east of the old 
bed of Krikeliotis torrent, are evident. More specifically from the point of view of environmental 
balance in the coastal area, these branches of the fishing port as they are compact and positioned 
across the coast, they work as an obstacle and hinder the transport of the sediments which move with a 
direction from south to north and under the effect of west-south west waves and coastal currents which 
move anti clock wise (Piper et al., 1982, Anastasakis and Mertzanis 1987, Mertzanis 1992). At the 
south side of the fishing port accumulate the trapped sediments, while in its north side we can see the 
development of erosion of the coastline. 

c. The artificial diversion of the Krikeliotis torrent, apart from the  alterations that has caused to the 
geomorphological structure and the hydro-geomorphological processes of the study area and 
especially the shrinkage of the size of the lagoon, it triggered the “defense mechanism” of the 
ecosystem, which resulted to the generation of riparian ecosystems at the new river bed and outfall, 
while in the area of the old “inactive” river bed, the erosion conditions and the regression of the 
coastline generate “unfavorable” conditions for the preservation of the existing vegetation and for the 
establishment of new species. It is noted that the dragged material constitute an important source of 
nutritious material and organisms specific to the deltas and the lagoons which are systems of complex 
and fine balance. The benthic organisms transfer energy from the precipitant and the producers to the 
consumers higher up in the food chain (fish, birds, etc.) and thus contribute significantly to the food 
chain and the high productivity of the ecosystem. 

3.2 Human activities caused impact on geomorphological structure and the hydro geomorphological 
processes of the deltas and lagoons  

The human activities, which are able to disrupt the environmental balance of the wetlands and the 
fragile ecosystems and especially the geological-geomorphological structure and the hydro 
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geomorphological processes of the “dynamically” developing areas (lagoons, deltas, etc.) such as for 
example, those which constitute the object of this study are (Ghionis et al., 2004, Mertzanis, 1995, 
Mertzanis and Papadopoulos 2003, Vavizos and Mertzanis, 2003, Mertzanis et al., 2010a,b,c) (Figure 
1): [1]. Intensification and development of agriculture, [2]. Construction of irrigation channels and 
drainage pits, [3]. Deepening and creation of channels, [4]. Construction of drainage - anti flooding 
protection works, [5]. Construction and function of large dams and reservoirs (hydroelectric power 
dams, irrigation dams and water supply dams) on the main bed of the river (>15.0 m height or 
reservoir volume > 3.0 million m3), [6]. Construction and function of large dams and reservoirs 
(hydroelectric power dams, irrigation dams and water supply dams) on tributaries of major river 
(>15.0 m height or reservoir volume > 3.0 million m3), [7]. Construction of anti-erosion works in 
mountainous catchment basins (small dams, etc.), [8]. Construction of anti-erosion works in the 
coastal zone (water breakers, large limestone concrete rocks, etc.), [9]. Motorway in operation or 
under construction, [10]. National road work constructions or improvements on the national road 
network, [11]. Opening up new agricultural and forest roads, [12]. Railway line in operation or under 
construction, [13]. Banking up - embankment fill, [14]. Exsiccation, [15]. Arrangement and redirection 
of the main beds of rivers and torrents, [16]. Mining activities (quarries, mines), [17]. Sand extraction 
from river beds, [18]. Uncontrolled watering from surface water tables and [19]. Uncontrolled 
pumping of underground waters. 

Human activities of the type “Intensification and development of agriculture [1]”, “Construction of 
drainage-anti flooding protection works [4]”, “National road work constructions or improvements on 
the national road network [10]” and “Uncontrolled pumping of underground waters [19]”, identified in 
its four study areas. Human activities of the type “Construction and function of large dams and 
reservoirs on the main bed of the river [5]”, “Uncontrolled watering from surface water tables [18]” 
and “Motorway in operation or under construction [9]”, “Railway line in operation or under 
construction [12]”, identified respectively in the areas “Delta of Arachthos river and the complex of 
lagoons area (Code Number 1 Gr)” and “Venice lagoon (Code Number 2 It)”, while human activities 
of the type “Construction and function of large dams and reservoirs on tributaries of major river [6], 
“Mining activities (quarries, mines) [16]” not found in any of the study areas. In the cumulative chart 
of the Fig. 1, each one of the human activities, identified in the study areas receive a price equal to one 
(1). 

 
Figure 1. Cumulative chart of varius types of human activities, caused impact on geological-

geomorphological structure and the hydro geomorphological processes, that have been identified in 
each of four study areas (Source: Estimates of the study group and various literature sources and 

existing reports) 

0

1

2

3

4

[1
]

[2
]

[3
]

[4
]

[5
]

[6
]

[7
]

[8
]

[9
]

[1
0]

[1
1]

[1
2]

[1
3]

[1
4]

[1
5]

[1
6]

[1
7]

[1
8]

[1
9]

Q
ua

nt
ity

 o
f h

um
an

 a
ct

iv
iti

es

Various types of human activities

Delta of Po river (c.n:1 It) Venice lagoon (c.n:2 It)

Delta of Arachthos river (c.n:1 Gr) Katafourko lagoon (c.n:2 Gr)



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
29 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

3.3 Man-made changes to the natural environment of the deltas and lagoons  

The intensification of human activities, especially after the decade of 1950, in the near and in the 
greater area of some wetlands and “dynamically” developing areas (lagoons, deltas, etc.) in Italy and 
Greece, that are identified at the Delta of Po river and the complex of lagoons area (North-eastern 
Italy), Venice lagoon (North-eastern Italy), Delta of Arachthos river and the complex of lagoons area 
(North-western Greece) as well as the Katafourko lagoon (North-western Greece), have affected the 
natural ecosystems one way or another and to a different extend, depending on the type, the size and 
the operation and the location of the intervention or activities (Figure 2). Following that, we refer to 
the most important alterations -impacts/changes- that are noted to the wetlands and fragile ecosystems 
under investigation, which show these impacts, which are (C.E.C. 1999, Ministry of Environment, 
Urban Development and Public Works, 1997, Vavizos and Mertzanis, 2003, US-EPA. 1997, US-EPA. 
1999): 1. Alterations to the fauna, the flora and the natural ecosystems (Hellenic Ornithological 
Society, 2010), 2. Alterations to the landscape (Brofas, 1989), 3. Alterations to the surface and 
underground waters (Skoullos, 1992) and 4. Alterations in the geological-geomorphological structure 
and the hydro geomorphological processes (Bondesan, 1990, Carbognin et al. 1985, Ghionis et al., 
2004, Marabini, 1985a, Mertzanis, 1995,). 

More specifically, the most common changes (impacts) on the natural environment of the delta areas 
and lagoons, especially on the geological-geomorphological structure and the hydro-geomorphological 
processes, due to human activities which appear in some of four mentioned areas, are (Marinos, 1984, 
Mertzanis and Papadopoulos 2003, Anastasakis and Mertzanis, 1987, Mertzanis et al., 2010a,b,c): [a]. 
Absence of the naturally expected periodical over flooding incidences of the beds of the rivers, 
flooding of the Delta and estuaries area as well as the supply of the lagoon system and the outfall area, 
with water from the rivers, [b]. Changes at erosion phenomena of the river basins and at the 
movement-deposition of suspended load, [c]. Disruption of the face, morphology of the river basins, 
[d]. Deposition of  the suspended load - materials into the artificial lakes of large dams and reservoirs, 
[e]. Absence of the naturally expected “ecological” sediment supply downstream of the large dams 
and reservoirs, [f]. Disruption of the face, morphology of the Deltas, [g]. Banking up - filling of lakes 
or lagoons with sediment - shrinkage, [h]. Shrinkage of lakes or lagoons - total or partial exsiccation-, 
[i]. Land sinking, land subsidence, [j]. Elevation of the riverbed, [k]. Decrease of the rate of the filling 
of lakes or lagoons with sediment, [l]. Creation of destabilization processes of the dynamic of the 
coastal area, [m]. Decrease of the rate of the advance of the shoreline in total front of the Delta and at 
the coastal zone - regression tendency, [n]. Increase of the rate of the advance of the shoreline in total 
front of the Delta and at the coastal zone - advancing tendency, [o]. Local phenomena decrease the 
rate of advance of the shoreline in front of the Delta and at the coastal zone, [p]. Local phenomena of 
regression of the shoreline in front of the Delta and at the coastal zone, [q]. Local phenomena increase 
the rate of advance of the shoreline in front of the Delta and at the coastal zone and [r]. Creation of 
new Delta - advance of the coastline. 

Changes (impacts) on the geological-geomorphological structure and the hydro-geomorphological 
processes of the type “Changes at erosion phenomena of the river basins and at the movement-
deposition of suspended load [b]”, “Creation of destabilization processes of the dynamic of the coastal 
area [l]”, “Decrease of the rate of the advance of the shoreline in total front of the Delta and at the 
coastal zone - regression tendency [m]”, “Local phenomena of regression of the shoreline in front of 
the Delta and at the coastal zone [p]” and “Local phenomena increase the rate of advance of the 
shoreline in front of the Delta and at the coastal zone [q]”, identified in its four study areas. Changes 
of the type “Deposition of  the suspended load - materials into the artificial lakes of large dams and 
reservoirs [d]”, “Absence of the naturally expected “ecological” sediment supply downstream of the 
large dams and reservoirs [e]” and “Banking up - filling of lakes or lagoons with sediment - shrinkage 
[g]” and “Elevation of the riverbed [j]”, identified respectively in the areas “Delta of Arachthos river 



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
30 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

and the complex of lagoons area (Code Number 1 Gr)”, “Katafourko lagoon (Code Number 2 Gr)” 
and “Delta of Po river and the complex of lagoons area (Code Number 1 It)”, while changes of the 
type “Increase of the rate of the advance of the shoreline in total front of the Delta and at the coastal 
zone - advancing tendency [n]”, “Local phenomena decrease the rate of advance of the shoreline in 
front of the Delta and at the coastal zone [o]” and “Creation of new Delta - advance of the coastline 
[r]”, not found in any of the study areas. In the cumulative chart of the Fig. 2, each one of the “change 
on the geological-geomorphological structure and the hydro-geomorphological processes”, identified 
in the study areas receive a price equal to one (1). 

 

 
 

Figure 2. Cumulative chart of varius types of impact/changes on geological-geomorphological 
structure and the hydro geomorphological processes, that have been identified in each of four study 
areas, nowadays (Source: Estimates of the study group and various literature sources and existing 

reports) 

 

4. CONCLUSIONS  

Some wetlands, “dynamically” developing areas (lagoons, deltas, etc.) and marine littoral zones in 
North-eastern Italy and North-western Greece, are in a fragile equilibrium and some of them are in a 
dangerous situation, mainly because of the anthropogenic interventions that were carried out without 
preliminary studies regarding the long-term consequences of these activities. Anthropogenic 
interventions on the coastal area or in the greater area of the drainage basins of the rivers and torrents 
that discharge in the study areas, in combination with climate change (in some of them), constitute the 
cause of destabilization of the natural geomorphological evolution and lead to the appearance of 
erosion phenomena.  

The changes at erosion phenomena of the river basins and at the movement-deposition of suspended 
load, the destabilization of the balance of the coastal zones, the decrease of the rate of the advance of 
the shoreline at the Deltas and the estuaries as well as the sand barriers of the lagoons, in some sites 
and the intensification of erosion phenomena as well as local phenomena of regression of the 
shoreline, constitute a common factor for large parts of the coast of North-eastern Italy and North-
western Greece, more so after the year 1950. This situation does not comply with the general tendency 
of coastal zone accretion that characterized the 19th century and is mainly due to the human activities 
and especially to the construction of all sorts of projects big and small (intensification and 
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development of agriculture, construction of drainage-anti flooding protection works, national road 
work constructions or improvements on the national road network, Uncontrolled pumping of 
underground waters, etc.), which due to their nature and position, cause changes in the natural 
evolution of the landforms and the hydro-geomorphological processes or in some cases reduce the 
input of sediments in the coastal area. 

As far as the mentioned areas are concerned: a. Delta of Po river and the complex of lagoons area 
(Code Number 1 It). The destabilization of the balance of the coastal zone, the decrease of the rate of 
the advance of the shoreline at the Delta of Po river and the sand barriers of the lagoons and in some 
sites the intensification of erosion phenomena as well as local phenomena of regression of the 
shoreline are the result of human interventions in combination with climate change and that is the 
limitation of the natural input of sediments in the Delta area and in the coastal zone which are mainly 
concern the construction of anti-erosion works in mountainous catchment basins (small dams, erosion 
protection works for torrents, etc.) and sand extraction from the river bed (pits for obtaining sand, clay 
etc) as well as the uncontrolled pumping of underground waters. b. Venice lagoon (Code Number 2 
It). The main causes that have had a catalytic effect in the sinking of the ground surface and 
considered in the “Venice lagoon (Code Number 2 It)” are the intensive pumping of groundwater 
down to about 350 m, mainly performed in the 20 years between 1950-1970 for industrial purposes in 
the “Mestre - Porto Marghera” area. In the mainland a few km far form the city of Venice, that 
induced a serious piezometric drawdown which led to the gradual geo-mechanical compaction of the 
aquitards, resulting in a ground surface lowering (anthropogenic subsidence). c. Delta of Arachthos 
river and the complex of lagoons area (Code Number 1 Gr). The destabilization of the balance of the 
coastal zone, the decrease of the rate of the advance of the shoreline at the Delta of Arachthos river 
and the sand barriers of the lagoons as well as local phenomena of regression of the shoreline are the 
result of human interventions and that is the limitation of the natural input of sediments in the Delta 
area and in the coastal zone which are mainly concern the construction and function of large dam and 
reservoir (hydroelectric power dam, irrigation dam and water supply dam) on the main bed of the river 
(>15.0 m height or reservoir volume > 3.0 million m3), and d. Katafourko lagoon (Code Number 2 
Gr). The erosion and regression phenomena of the coastal zone and the shrinkage of the area of the 
Katafourko lagoon are the result of the artificial diversion of the bed of the Krikeliotis torrent in to the 
wetland of the Katafourko lagoon as well as the construction of fishing port. It is obvious that in all 
four cases, the most important human interventions are of different kinds with same though result in 
all of them and that is the limitation of the natural input of sediments in the coastal area -coastal 
sedimentary budget-. 
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Abstract 

The article deals cycling and mobility management in Czech republic. This article also 
describesfactors influencing the choice of cycling as an alternative mode of transport. 

 

1.BICYCLE TRANSPORT 

Almost every European city has a problem with an overabundance of cars, one way to solve this 
problem is to establish tangible incentives for public transport and car pooling but also more in favor 
of cycling. In Amsterdam, Barcelona, Bremen, Edinburgh, Copenhagen, Ferrara, Graz and Strasbourg 
this system is already underway and while there are restrictions that apply to the use of cars in urban 
centers.  The thought was that these actions would impede economic growth or limit the accessibility 
of shopping centers.  But to the contrary support it, because they are based on the knowledge that the 
unlimited use of cars for travel by individuals are now in conflict with the mobility of citizens.1 

 

Table 1: The average volume of pollutants [m/m3] 

Air pollutant Cyclist [m/m3] Motorists [m/m3] 

Carbon monoxide 
(CO) 2670 6730 

Nitrogen dioxide 
(NO2) 156 277 

Benzene 23 138 

Toluene 72 373 

Xylene 46 193 

Source: http://aa.ecn.cz/img_upload/3a7e18c1249b899407e75e7f626db792/cyklistika_2006.pdf 

 

Particularly important are measures to better integrate the use of bicycles and public transport, which 
considerably extends the distance that you can "tour". Bikes also offer an alternative to a personal car 
for short distances (ie within 8 km). Bicycles are compact and relatively fast, with average speeds in 
towns of 15-25 km/h. Bicycles could achieve significant environmental effects if it were possible to 
replace car trips with riding the bike. European Cyclists' Federation has proposed a plan to encourage 
cycling in urban areas, based on favorable conditions created for cyclists both in terms of 
infrastructure, thus sharing the use of roads. 

                                                   
1 DEKOSTER, J. SCHOELLAERT, U. Cycling: the way ahead for towns and cities? C. Bochu (DG – Environment), M. 
Lepelletier (DG – Transport and Energy), M. C. Coppieters (ECF). European Communities, 1999. 
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According to many polls, almost three-quarters of Europeans believe that the use of bicycles is more 
beneficial than cars in cities. People look at the bicycle at least as favorable as other forms of 
individual transport. 

1.1 Factors influencing the choice of cycling as an alternative mode of transport 

 socially acceptable, 

 the sense of safety, 

 recognition of bicycles as a form transport for adults, etc.  

o But equally applied by objective factors: 

 topography of the terrain, 

 climate, 

 speed and safety and practical aspects. 

 The objective of negative factors has a deterrent effect only: 

 more steep climb, 

 frequent strong winds, 

 intense rainfall and high temperatures. 

 

Low intensity cycling is achievable in most European cities. In cities with 50-500 thousand 
inhabitants, which are in favorable geographic and climatic conditions.  Where they can apply the 
general concept of urban mobility could be quite realistic and count on reaching 25% bicycle use.2 

Over the last decade, CO2 emissions have decreases in all sectors except transportation, where 
there are still growing, mainly thanks to the work car. Cars are used increasingly. The European 
Union focuses on the labeling of private cars by CO2, which that particular car produces. At the 
same time the Union is preparing a tax policy to further promote deeper cuts in emissions. The 
European Union has concluded agreements with car manufacturers on reducing the number of 
vehicles sold in Europe. But even in the most favorable scenario the reduction, which the EU 
committed in the Kyoto Protocol, will constitute only 15% in fuel consumption, average 
consumption in cities doubles). 

For air quality and health of the population has the European Union has adopted a directive on 
emissions of various pollutants. According to these directives cities with more than 250,000 
inhabitants are required to inform residents about air quality and to adopt plans to improve the 
situation in terms of reduction of a total of 13 pollutants. 

 

 

 

 

 

                                                   
2 DEKOSTER, J. SCHOELLAERT, U. Cycling: the way ahead for towns and cities? C. Bochu (DG – Environment), M. 
Lepelletier (DG – Transport and Energy), M. C. Coppieters (ECF). European Communities, 1999. 
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Table 2: Emissions of carbon dioxide (CO2) emissions by mode of transport (thousand tons) 

  2000 2005 2006 2007 2008 2009 

Total Transportation 12 252  18 191  18 514  19 629  19 033  19 093  

Private car 7 215  9 791  9 697  10 165  9 809  9 868  

Public road passenger 
transport including public 
transport buses 

1 121  1 868  2 009  2 149  2 054  2 079  

Road Freight Transport 2 937  5 132  5 489  5 819  5 655  5 724  

Railway transport - motor 
traction 326  270  260  298  329  339  

Water transport 16  15  19  15  16  13  

Air transport 637  1 115  1 040  1 183  1 170  1 070  

      Source: MD 

 

 

Table 3: Total transport emissions (thousand tons) 

  2000 2005 2006 2007 2008 2009 

CO2 12 252,0  18 191,0  18 514,0  19 629,0  19 033,0  19 093,0  

CO 278,4  232,8  213,1  204,2  188,1  179,9  

Nox 96,8  101,6  97,1  94,2  90,5  87,7  

N2O 1,4  2,4  2,5  2,5  2,4  2,4  

Volatile organic 
compounds 60,0  47,3  42,3  40,5  35,6  33,9  

CH4 1,8  1,9  1,8  1,7  1,7  1,6  

SO2 1,7  0,6  0,6  0,7  0,6  0,6  

Particles 4,9  6,3  6,4  6,6  6,4  6,4  

Pb 0,1  0,0  0,0  0,0  0,0  0,0  

      
Source: 

MD 

 

They have tightened the regulations on noise restrictions. Transportation is by private cars in cities is a 
major source of noise, which damages mental and physical health. 

1.2 An evaluation of cycling. 

The following graph is provided to users of motor vehicles, cycling evaluated in terms of exertion, 
weather, comfort, baggage service and speed. 
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Graph 1: Evaluation of cycling 

 

 
Source: http://aa.ecn.cz/img_upload/3a7e18c1249b899407e75e7f626db792/cyklistika_2006.pdf 

 

2.MOBILITY MANAGEMENT IN RELATION TO NON-TRADITIONAL MODES OF 
TRANSPORT 
Transport is an important condition for achieving a qualitative change in the development area, which 
is reflected in higher living standards of citizens. Interaction between the development of transport 
system and social change are negatively influenced by changes in the mobility of citizens.  Areas with 
a high degree of urbanization and traffic congestion are problematic because the transport network had 
been proposed for the past traffic flow. All these aspects will ultimately lead to "unsustainable" 
mobility. 

2.1 Causes of non-sustainable mobility:3 

 lagging development of public transport, which occurs because of an imbalance between the 
development public transport and individual transport, 

 underdeveloped system of capacity at the edges of parking lots in large cities and their links 
with the public transport network in application integration of a parking receipt with a ticket to 
travel on public transport, 

 low quality of public services, public transport and lack of clarity in the concept of regional 
travel guide, 

 Low level of control of private car use for journeys to work and schools, 

                                                   
3 FAITH, Peter. Mobility management and sustainable development 

. In: CMDTUR 2005 – Road and urban transport and sustainable development, 3 International Conference, University of 
Žilina,2005. ISBN 80-8070-452-X. 
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 lack of transport links between the participants and the transport process, ie the Company as 
the organizer of the service, operators and passengers, 

 Not making the integration of comprehensive transport services. 

To use non-traditional modes of transport it is necessary to use a demand-oriented approach to 
passenger transport, which requires new partnerships and a set of tools to support and encourage a 
change in attitude and behavior towards sustainable modes of transport. These tools usually are 
based on information, organization and coordination and require promotion. Transportation 
information and publicity campaigns can influence awareness, attitudes and behavior of 
passengers - and to encourage bicycle and pedestrian traffic and use of public transport. 

The goal is achieving change in travel behavior from driving cars in favor of public transport and 
other vehicles that are environmentally friendly.  Pedestrians, cyclists and a higher number of 
individuals traveling in a car is necessary to apply appropriate effective tools for supporting this 
change. These instruments have an impact on the following objectives:4 

 increase the occupancy of cars, 

 proportionate reduction in the length of passenger journeys, 

 redistribution of personal automobile travel to alternative modes of transport. 

That implies a shift of trips from cars to other modes of relocation. This trend is to be achieved 
without special transport system improvements, not changes in transport infrastructure, without 
the large financial costs, strict measures or bans. To meet these objectives, it is first necessary to 
analyze and understand the model behavior. Each individual has his lifestyle and is adjusting their 
transport needs, these needs are influenced by transport such as transport infrastructure and 
transport services provided, the limited capabilities of individuals and households based on socio-
demographic conditions and their social values, practices and opportunities related travel. 

Proper implementation of mobility management of all elements can be achieved by a change in the 
behavior of passengers and achieve a lasting state of sustainable transport. Mobility Management 
is a very flexible approach and its tools are very complex.5 

2.2 Levels of implementation of mobility management 

 Conceptual level: Mobility Management is initiated and then supported. 

 Management level: At this level, the Mobility Management is organized.  

 User level: Mobility Management comes into direct contact with the user. This level includes 
the implementation of mobility services that are provided on an urban / regional level. 

 

3 CONCLUSION 
If the municipal or regional level was to apply the concept for the entire city or region, while it 
may be a large enough area, they could not cover all target groups and trip purposes. In this case, 
we would recommend measures for the general public - a simple and readily available information 

                                                   
 
4 FAITH, Peter. Mobility management and sustainable development 

. In: CMDTUR 2005 – Road and urban transport and sustainable development, 3 International Conference, University of 
Žilina,2005. ISBN 80-8070-452-X. 
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on alternative modes of transport, or specific services for specific target groups 
(např.koordinovanou delivery service for customers shopping centers) are more likely for short-
term changes. Managemet mobility and the integration of different modes of transport, therefore it 
is necessary that the different partners work together. Potential partners may have different 
motivations, but the same goal. Current experience shows that the success of the project is 
important from the very beginning of the interaction of all concerned stakeholders. Otherwise, 
there will be delays or an unsuitable atmosphere, which can impede a smooth implementation 
before and during the implementation process.  That would make it difficult to correct any errors. 

Achieving change in the behavior of road users and the creation of structures needed to achieve 
sustainable mobility of citizens is a very severe problem.  It is a systematic bi-annual activity. 

Mobility Management is influencing attitudes towards more sustainable modes of transport, while 
the center of the approach is primarily to provide services. These services are for new and 
voluntary users, and an important prerequisite for effective marketing. The traveling public will 
appreciate the complexity and the integration of transport and transport services, thereby making it 
considerably influenced in the choice of method of transport. 

 

This article is published within the solution of the research project 51030/20/SG510001 
„Transport Sciences and Engineering in Conditions of the Developed Society of the 21 st 
Century“. 
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ECO-ECONOMIC EFFICIENCY OF INTERNAL ENVIRONMENT 

VERDURIZATION OF CLASSROOMS 
Natalia V. Krestinina, Marina A. Nekrasova 

Eco-economic System Management, Environmental Department, PFUR Moscow, Russia  
 

 

Abstract 

The article focuses on the ecological method of the parameters management of the internal 
environment of classrooms – the medico-ecological phytodesign (MEP-design).  The modern 
structure of ecological parameters management of the internal environment of premises is 
proposed including the sequential execution of four phases: analysis of rooms, design of 
verdurization project, project implementation and monitoring of the results. It is shown that 
the introduction of the conventional verdurization project in the internal environment of 
classrooms has a positive effect on the microclimate, microbial indicators of the environment 
and health indicators of students that meet the requirements of both Russian and international 
standards of green building and maintenance of buildings and structures.   

Key words: verdurization, quality management, verdurization project, internal environment, 
international standards of green building, ecological indicators of health.  
 
1. INTRODUCTION  
Parameters management of the internal environment of premises via verdurization is the process of 
organizing of the human-controlled life of plants in the internal environment of premises towards its 
quality improving. The quality of the internal environment of premises in the territory of modern cities 
is one of the main factors affecting the health and safety of people. Classrooms deserve special 
attention. Children in classrooms undergo prolonged exposure of negative factors of the internal 
environment (from 8 to 10 hours). Recent studies have shown that the internal environment of 
classrooms is characterized in most cases as conventionally comfortable or not comfortable because 
there is a discrepancy between the basic physical, chemical, biological, visual and other parameters 
and the optimal normalized values from Russian and international standards. 

To date, there are two basic ways to solve ecological problems in the internal environment:  the 
standardization and application of environment rehabilitation technologies. Green building standards 
include requirements for the safety of the internal environment of buildings in terms of 
microbiological, microclimatic parameters and gas composition of air (DGNB, BREEAM, LEED, 
Green Star, etc.). A modern way of solving the standards requirements of green building is a medico-
ecological phytodesign of internal environment of premises. The MEP-design provides complex 
quality management of the internal environment of buildings and has proven eco-economic 
efficiency. The advantage of this method is the use of plants with a wide range of properties useful to 
man, in particular, antibacterial, antiviral, fungicidal, medical, filtration, moistening, and others.  

In this regard, the issues of eco- economic benefits of the internal environment verdurization of 
classrooms are considered in the article. The structure of the parameters management of the internal 
environment of premises is proposed. It involves all the variety of processes and changes in the 
internal environment of premises under the action of plants. 
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2. THEORETICAL FOUNDATIONS OF RESEARCH  

The internal environment verdurization of premises is a complex of activities associated with creating 
and using of plantations. At the present stage of science development verdurization of premises was 
transformed into phytodesign - the science of using living plants in the internal environment of 
premises with a view to improving the human environment. The method is based on the theory of 
phytoncides opened by B.P. Tokin in 1928. The first theoretical explanation of the "phytodesign" was 
given in writings of A.M .Grodzinsky. Great contribution to the development of this area makes a 
study conducted by a team of the Central Siberian Botanical Garden in conjunction with the 
Novosibirsk Medical Institute, as well as the All-Russian Research Institute of Medicinal and 
Aromatic plants and Environmental Department of PFUR. The works of N.V. Tsibulya, 
N.V. Kazarinova and others devoted to the study of plants’ sanifying effect in the interior and their 
ability to reduce the number of microorganisms in the air of children's institutions are of particular 
interest. The works on studying the ability of plants to absorb chemicals from the air are actual 
(Hercules, 1989; Qin Jun, Fu Hui-nan et al, 2002; Ribeiro, Furtini, Donizeti, 2003). There is evidence 
of that staying in the atmosphere of volatile secretions of some plants increases the protective forces of 
the human body, normalizes the processes of excitation and inhibition in the cerebral cortex, improves 
performance and endurance in physical loads (Lakhno, 1967; Krivenko Makarchuk, Sgibnev, 
Kuznetsova, 1981; Makarchuk, Leszczynska, Akimov et al, 1990, Tkachenko, Potekushshina, 
1990). At the present stage of phytodesign development the scientists of the Eco-economic System 
Management of PFUR attend to the parameters management of the internal environment of premises 
and more efficient use of healthful properties of plants (Nekrasova, Krestinina 2004, 2007).  

 

3. OBJECTS AND METHODS  

The structure of the environmental parameters management of the internal environment of premises 
includes the sequential execution of four basic stages:  

Stage 1. Areas analysis  

Step 1.1 - selecting of classroom. 

Step 1.2 – carrying out the hygiene monitoring of microbiological, microclimatic and chemical studies 
of the internal environment parameters of the selected classroom before the verdurization. 

Step 1.3 – carrying out the medical monitoring of the functional state of students.  

Step 1.4 - analysing of the monitoring results and identifying the main problems of the selected areas.  

The results of the stage: the information about the object of research is obtained, the limiting factors 
that determine the range of plants and their spatial organization are identified, the state of the body of 
students at the start of events is studied. The information about the students’ health, allergic reactions 
and color preferences is collected.  

Stage 2. Development of the verdurization project  

Step 2.1 - defining the spatial and vertical position of flower compositions in classrooms. 

Step 2.2 – selecting of plant assortment. 

Step 2.3 – developing of a working draft.  

The results of the stage: A working draft is proposed, the visualization of flower compositions is 
performed.  
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Stage 3. Project execution  

Step 3.1 - purchasing of plants and required materials.  

Step 3.2 - transplanting, transferring and installing to a permanent place.  

The results of the stage: verdurization project is executed, care recommendations are given.  

Stage 4. Results control 

Step 4.1 – Eco-economic evaluating of the project. 

Step 4.2 - Decision-making about the future of the project. 

The results of the stage: study of the internal environment parameters is re-conducted, changes are 
identified. If the results satisfy the original requirements project works without any changes, if not the 
project modernization takes place. Development of the verdurization project of the internal 
environment of premises was carried out by the author's method of the MEP-design of M.A. 
Nekrasova, N.V. Krestinina. All measurements of the internal environment parameters were carried 
out according to standard methods and their evaluation in accordance with regulations such as 
Standards, construction regulations and SanPiN. Evaluations of students’ functional state was carried 
out using the method of electro-diagnosis by Nakatani and the computer complex "Diakoms”.  

Thus, the parameters management structure of the internal environment of premises is cyclical in 
nature and aimed at maintaining optimum environment parameters and reducing the risk of allergic 
reactions in humans.  

As the objects were chosen classrooms and primary school students of “A” and “B” grades of school 
№ 1086 in South-West district of Moscow, as well as plants that are actively used in the verdurization 
of modern interiors. During the study a survey of one age group of schoolchildren from 1 “A” and 1 
“B” classes in the amount of 50 people had been conducted within a few years. The choice of this age 
group was made due to the lack of bad habits in children, direct exposure to harmful factors of 
production, etc. Therefore, this age group is most reliably reflects the impact of adverse factors of the 
internal environment of premises for children's health.  

The choice of facilities for research was made due to their architectural and functional purpose, high 
content of harmful bacteria, outbreaks of ARD and ARVI in November and February, as well as a 
constant presence in them of a fixed number of children engaged in mental work.  

Choosing plants for the research was based on the experience gained previously and the published data 
analysis. A list of plants required for solving the problems in the assigned task was compiled: 
Anthurium andreanum, Aglaonema commutatum, Spathiphyllum wallisii, Monstera deliciosa, Hedera 
helix, Aechmea fasciata, Begona Cleopatra, Begonia lucerna, Maranta tricolor, Hibiscus, Coffea 
Arabica, Howea belmoreana, Nephrolepis, Chlorophytum comosum vittatum, Ficus benjamina, 
Laurus nobilis, Pelargonium graveolens hort, Pelargonium grandiflorum, Euonymus, Clivia miniata, 
Rhoicissus rhomboidea, Saintpaulia, Dracaena marginata, Dracaena fragrans, Hoya carnosa, 
Peperomia obtusifolia, Citrus limon, Kalanchoe Blosfelda, Crassula portulacea, Kalanchoe pinnata , 
Clerodendron Thomsonae, Tradescantia, Scindapsus aureus, Cyperus alternifoius, Codiaeum reidii, 
Gloxinia.  

 

4. ANALYSIS AND DISCUSSION OF THE RESULTS  

In accordance with the proposed parameters management structure of the internal environment of 
premises ecological studies of selected areas were conducted prior to the MEP-design. Sanitary 
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monitoring of the key parameters of the internal environment and health monitoring of the functional 
state of students revealed:  

1. The studied areas have a standard architectural solution inherent in all general educational facilities 
of Moscow. It takes into account all the hygienic requirements for the courses in primary schools 
(SanPiN 2.4.2.1178-02).  

2. The parameters of the microclimate (temperature, relative humidity) do not correspond to hygienic 
requirements for the education conditions in primary schools. The children have "dry" eye irritation, 
stuffy nose, dry skin and mucous membranes of the respiratory tract.  

3. Chromatography-mass-spectrometry of the air showed the presence of such chemicals as benzene, 
toluene, ethylbenzene, xylene, cyclohexane, butanol and other. Concentrations of these substances in 
the air do not exceed the maximum allowable.  

4. The level of bacterial contamination in both areas is 4500 KOE/m3.  

5. Functional state of 1 “B” students is characterized by increased activity of small and large 
intestines, lymphatic system, as well as the reduction of intellectual and increase of physical levels.  

6. Increase in the number of cases of ARD and ARVI is marked in November and February which is 
typical for all educational institutions. In accordance with the identified problems the verdurization 
project was developed in which plants are undemanding to environmental conditions, have phytoncide 
activity and the ability to increase humidity.  

Existing architectural solution of the chosen classroom allowed to use the entire perimeter of the 
premises to create MEP-compositions, excluding work areas and the zone of active movement of 
children. The main locations of flower compositions were designed: the walls, window openings, 
corner space, etc. (Fig. 1).  

 

Fig. 1 Spatial distribution of flower compositions 

 
All proposed flower compositions were constructed according to the laws of harmony. Combinations 
of different forms, vertical and horizontal gradation were taken into account. Corner flower 
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  а)    b)    c) 

compositions were built on the principle of the triangle and have a center represented by the plants 
particular for height, volume or color. The remaining plants are "subordinate" and grouped near the 
central plant. Examples of visualization of the project are shown in fig. 2 a, b, c.  

 

Fig.2. Visualization of the verdurization project 

 

After implementation of the verdurization project in the experimental class of the school number 1086 
changes in microclimatic parameters of the internal environment of premises, the visual environment, 
bacterial contamination and chemical composition of air caused by the verdurization were 
instrumentally defined.  

The results of the studies show that after implementation of the verdurization project microclimate 
parameters in classroom have changed. The air temperature in all studied areas remained the 
same. Relative humidity increased in the room “B” (verdurization project), while in the “A” remained 
the same. In the first year of plants exposure (2003-2004) relative humidity changed from 35-40% to 
45-50%. In subsequent years the relative humidity reached 45-55%. The observed increase in the 
relative humidity in the test room is due to the application of moisturizing plants: Anthurium 
andreanum, Aglaonema commutatum, Spathiphyllum wallisii, Monstera deliciosa, Hedera helix, 
Aechmea fasciata, Begona Cleopatra, Begonia lucerna, Maranta tricolor, Hibiscus, Coffea Arabica, 
Howea belmoreana, Nephrolepis, Clerodendron Thomsonae, Tradescantia. The increase of relative 
humidity in the second year of plants exposure and maintaining of a given level in the next years is 
due to the gradual adaptation of plants to new environmental conditions and the gradual emergence of 
new growth (the period of blooming), which has a maximum ability to output steam. The experiment 
showed that the relative humidity of classroom “B” after the verdurization project implementaion 
increased on average by 10 - 15%.  We investigated the effect of verdurization on the microflora of 
classrooms during the fall increase in the disease incidence among students. With this purpose 40% of 
plants with pronounced phytoncide activity were used in the verdurization project development. Such 
type of  plants are (Kazarinov, Tkachenko2003): Anthurium andreanum, Aglaonema commutatum, 
Hedera helix, Begona Cleopatra, Begonia lucerna, Ficus benjamina, Laurus nobilis, Pelargonium 
graveolens hort. Pelargonium grandiflorum, Euonymus, Citrus limon, Kalanchoe Blosfelda, Crassula 
portulacea, Kalanchoe pinnata, Tradescantia.  

After implementation of the project in accordance with the established guidelines the number of 
bacteria and fungi in it declined about two times and averaged 1,931 ± 178 CFU / m3 and 1252 ± 116 
CFU/m3 relatively (Fig. 3). The number of bacteria and fungi in the control class remained at the same 
level. Similar declines were recorded in the experiments conducted by several researchers: N. V. 
Kazarinova, N. V. Tsybulya, L. F.  Kaznacheyeva (1997). 
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Fig. 3 The MEP-design effect on the air microflora 

 
The experiment showed that reducing of the total bacterial population (bactericidal effect) of the air in 
classroom after the introduction of plants was 56% and 70% for fungi. Reducing the number of 
microorganisms in the air of the experimental class associated with the release by plants of volatile 
organic substances including phytoncides.  

During evaluation of the visual environment of the school premises undecorated square corners and a 
small percentage of homogeneous surfaces were found. After implementation of the verdurization 
project the visual environment can be characterized as comfortable. Homogeneous fields, square 
corners and smooth homogeneous surfaces were completely removed.  

The study of the students’ functional state (the comparative analysis of the "Diakoms" maps  before 
and after the MEP-design) showed that the average current came to a comfortable rate. Dominant 
deviations in the endocrine and digestive systems preserved, the activity of the vascular system and 
heart decreased slightly (Fig. 4). Along with this has increased the overall functional activity of pupils’ 
organisms and adaptability as indicated by normalization of the bladder and pancreas / spleen activity.  

Data analysis of medical certificates provided to the class teacher and the school medical office 
showed that the largest number of cases of ARD and ARVI was observed in the control class 
throughout the study period, the value of the incidence rate of students in terms of 100 people in this 
group did not exceed the average for these age groups of children.  

C
FU

,m
3

the amount of fungi before the MEP-design the amount of fungi after the MEP-design

the amount of bacteria before the MEP-design the amount of bacteria after the MEP-design
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Note: L - Lungs, VS - Vascular system, H - Heart, SI - Small intestine, LS – lymphatic system, LI – Large 
intestine, PS - Pancreas / Spleen, Liv - Liver, K – kidneys, B - Bladder, GB - Gall bladder, S - Stomach. 

Fig.4 Characteristics of average activity of the control class and the "green class" students 
meridians at the start of research 

 
The final results of studies of students’ incidence at school number 1086 are presented in Table 1, age 
groups are marked in color.  

 
Table 1  

The number of cases during the school year 

№  
The 

academic 
year  

rate per 100 persons  
Average incidence rates per 

100 students The “green class”|  The control class  

1 2003-2004 63 99 90-95 

2 2004-2005 38 73 

3 2005-2006 68 103 75-80 

4 2006-2007 31 73 

 
The exception was the academic year of 2005-2006 when the maximum number of cases in all studied 
classes was noted that may be associated with epidemiologically-hostile environment in the city as a 
whole. The lowest disease incidence was noted in “green class” of school number 1086. In comparison 
with the control group the children during the study suffer from ARI and ARVI 2 times less. The 
analysis of cases over four years showed that in the control class the number of cases of ARI or ARVI 
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which are accompanied with complications such as bronchitis, enteritis, laryngotracheitis, and others 
is higher than in the “green class” (Fig. 5). 

 

Fig. 5 Disease incidence in control and “green” classes 

 
Evaluation of the disease duration in children of both classes revealed that children in the “green 
class” ill ARI and ARVI for 1-2 days less   than children in the control class. 

During the research a "health index” of children from classes under study was obtained  (Table 2). 

 

Table 2  

The amount of children never been ill during the study 

№ The academic 
year 

rate per 100 persons 
Average incidence rates per 100 

students The “green class”| The control class 

1 2003-2004 35 0 6-12 

2 2004-2005 60 24 6-12 

3 2005-2006 31 0 12-15 

4 2006-2007 68 26 12-15 

 
Children from the “green class” have the highest “health index” which may be associated with 
increased nonspecific resistance of students. To identify the ability of plants to absorb or release 
chemicals chromatography-mass-spectrometry was conducted before and after the introduction of 
plants in classrooms. After the MEP-design components of essential oils such as: alpha-pinene, alpha-
terpinene, beta-pinene, gamma-terpinene, izopropeniltoluol, etc were found in air of the classroom. 
Perhaps, the presence of these substances determined the phytoncide activity of plants involved in the 
project. Substances such as benzene, butyl acetate, 1,3 dimethylbenzene, 1,2-dimethyl-4-ethylbenzene, 
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dekanal6,10-dimethyl-5 ,9-undekadien-2-one, dibutyl phthalate, and others were not detected in air 
after MEP-design which may be associated with the ability of plants to use them in vital 
processes. Observations on the rhythm of growth and general condition of the plants in the 
verdurization project allowed to establish the life cycles of plants used in the “green class”. Average 
growth of plants in project was 37, 6% (Fig. 6).  

 

 

Fig. 6 The growth of plants in the “green class” 

 

The growth value of plants allowed us to evaluate the assortment of used plants and to select the most 
suitable for growing under given conditions of the internal environment of premises. Plants from 
flower compositions generally did not lost their decorative qualities In the verdurization project 
. During the existence of the proposed compositions the number of dropped out fastidious and 
unfastidious plants amounted to 3% of the total number. A small percentage of dropped out plants in 
the “green class” may indicate an effective selection of plants according to our recommendations.  

Chlorophytum comosum vittatum
Begona Cleopatra
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At the end of four years of the project operation environmental and economic benefits derived from 
the implementation of greening activities in classroom were assessed (Table 3). Ecological and 
economic efficiency was calculated as the difference between benefits and costs: 





T

t

t
Т

t

t CВE
11  

E – eco-economic benefits derived from the implementation of the verdurization project or other 

environmental projects. Tt ,1   T - the period of the project, C – project costs. B - benefits received 
from the project by reducing days missed due to illness of students.  

Profits derived from the project were expressed as the difference between the number of missed days 
due to illness of the child in the control (d2) and experimental (d1) classes and multiplied by the 
average wage per day per family member for the billing period (At). 

B = (d2 - d1) * At.  

The table shows that the eco-economic benefits from the project during 4 years of operation amounted 
to over 134,292 rubles at a cost of 13,682 rubles. Payback period amounted to a year. 

 

Table 3  

Eco-economic efficiency of the MEP-design 

№ 
п/п Name of indicators 

MEP-project 

2003-2004 2004-2005 2005-2006 2007-2008 

1 
Outcomes 

Project development and maintaining costs, Rub. 11000 445 932 1305 

Total,Rub. 13682 
 Incomes 

2 

difference between the number of missed days due 
to illness of the child in the control (d2) and 
experimental (d1) classes 

77 59 78 61 

average wage per day per family member Rub/day 391 490 586 709 

Profits derived from the project, Rub                    B 
= (д2 - д1)* Аt. 30107 28910 45708 43249 

Total, Rub 147974 
Net profit from the project, Rub  19107 28465 44776 41944 
The total net profit for four years, Rub 134 292 

 Profitability index of costs 10,82 

 
5. CONCLUSION  

During implementation of the project of the internal environment verdurization of classrooms a 
number of changes of studied environmental parameters in the direction of optimization were 
established. The use of a certain number of plants in the verdurization of the internal environment of 
premises allows to change the relative humidity which makes it’s values optimum or 
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acceptable. Changes in relative humidity under the influence of greening activities amounted to 10-
15% in the “green class”. As a result of verdurization a normalization of the functional state of the 
child takes place and a decrease in the disease incidence in the “green class” doubled in comparison 
with the control one. The bactericidal and fungicidal action of plants on the microflora of the air is 
confirmed. Decrease of air contamination by 60-70% is observed in the “green class”. It is shown that 
the verdurization of the internal environment of premises contributes to improving the visual 
environment of premises. The results obtained, as well as monitoring of the rhythm of growth and 
general condition of the plants in the “green class” showed the effectiveness of application of 
parameters management system of the internal environment of premises, both for plants and for 
humans. Thus, the parameters management of the internal environment of classrooms via 
verdurization contributes to improving the sanitary and hygienic indicators of the environment, 
increasing of non-specific resistance of an organism which reduces the disease incidence of children or 
shorten the amount of days of illness. 
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Abstract  

The seasonal dynamics of chemical composition of snow cover in three old-aged spruce forests in the 
European North-East of Russia for 2006-2009 is traced. The aim of investigation is to assess the role 
of snow throughfall in the annual dynamics of carbon and nutrient elements in spruce ecosystems. 
Sampling and analyzing has been done according to the ICP-Forests methods. Snow waters are 
hydrocarbonate-calcium and low-acid. Spruce crowns transform the ionic composition of snow 
waters. K, Mg, SO4

2-, PO4
3-, Cl- concentrations in snow cover heavily increase in the period of thaw 

because of their leaching from living parts of trees and from debris. Average amount of mineral ions 
in snow cover was found about 1.1 g m-2 per year. 

Key words: spruce forest, ecological monitoring, deposition, snow cover, DOC, mineral elements. 

 

1. INTRODUCTION 
Atmospheric precipitation is the important nutrition source for boreal ecosystems. Their composition 
is characterized by spatial and seasonal variability (Lukina, Nikonov, 1998; Forest condition…, 2000; 
Knulst, 2004). Atmospheric precipitation is among regularly acting nature factors. They systematically 
provide terrestrial surface with different dissolved substances; their annual figure is tens of tons per 
square meter (Kolodyazhnaya, 1963). Snow elemental composition analyses are of an indicative 
importance for monitoring both atmospheric air and ecosystems. Appropriate for analyses is only 
snow cover that has been on earth’s surface for long period of time (till three months). For this time, 
snowflakes have absorbed on their surface precipitating atmospheric aerosols and dust particles 
(Vasilenko, 1985; Kondratenok et al., 1995). Snow cover chemical composition monitoring has a lot 
of advantages: 1) sampling procedure is very easy and does not require complete equipment; 2) snow 
cover allows for quantitative and qualitative determination of total contamination parameters; 3) 
concentration of pollutants in snow cover is usually 2-3 times higher than that in air; 4) measurements 
of pollutants in snow water can be done with easy methods and with high degree of reliability. Snow 
cover as natural accumulator provides for quite a reliable value of dry and wet precipitation in cold 
season. Spruce forests are very widespread with the European North-East of Russia. They transform 
chemical composition of atmospheric precipitation and so participate in formation of soil chemical 
properties. Throughfall is deposition sampled beneath the forest canopy and containing bulk and 
leached and dry deposition-adsorbed ions. Throughfall (with stemflow) gives an estimate of the 
deposition to the forest floor. It is cheap, simple and low-maintenance.  

The study purpose is to access contribution of winter throughfall in annual dynamics of dissolved 
organic carbon and nutrients in spruce ecosystems of the North.  
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2. MATERIALS AND METHODS 

Chemical composition of throughfall was evaluated on the territory of the Lyaly Forest-Ecological 
Station of the Institute of Biology Komi SC UrD RAS in middle taiga subzone (N 62° 17′, W 50° 40′) 
taken as a relative background area. By agro-climatic division of Komi Republic into regions 
(Galenko, Bobkova, 2001), the Station lies on border between chilly and moderate regions. Solid 
precipitations (about 40% of annual fall) are usually snow, in winter it forms continuous cover. Stable 
snow cover formation ends towards 1 November and resists for 6 months. Amount of snowfall during 
the winter equals 65 mm on average in open area, 37 mm under spruce crown and up to 140 mm in 
“windows”. By Vasilevich and co-authors (2010), the Station is among regions with lowest index of 
precipitating substances in Komi Republic. Three monitoring plots were isolated in old-aged spruce 
communities by common methods (OST 56-69-83, 1983). Each of them was given detailed forest and 
geobotanical measurements; every tree on each plot was taken into account. The study old-aged spruce 
forests grow on typical podzolic loamy soils. They form mixed tree stands dominated by spruce (Picea 
obovata Ledeb.) accompanied by birch (Betula pubescens Ehrk., Betula pendula Roth.), fir (Abies 
sibirica Ledeb.), pine (Pinus sylvestris L.), and aspen (Populus tremula L.). Tree-stands are different-
aged, with middle to high tree stand density.  

 

Table 1. Characteristics of monitoring plots 

 

Share of 
species Species Age, 

years 

Number of 
trees, per ha Rela-

tive 
density 

Timber stock, 
m3 ha-1 Average values 

Alive Died Alive Died height, 
m 

diameter, 
cm 

7 Spruce Picea obovata 80-180 646 68 0.66 217 13 18 21 

2 Birch Betula pendula 
+B.pubescens 110 169 5 0.37 63 3 20 22 

1 Pine Pinus 
sylvestris 110 16 5 0.07 16 2 17 37 

+ Fir Abies sibirica 110 86 6 0.11 5 0 23 15 

+ Asp Populus 
tremula 100 7 - 0.06 6 - 13 27 

 Total   925 83 0.96 307 13   

 

Snow was sampled one time a month from December till March every winter season from 2006 to 
2009. Snow samplers of round form of diameter 36 cm from polyethylene bags were used for 
collection of snow; they were located under spruce, birch crowns and between crowns in so called 
“windows” in 3-4 replicates (Manual…, 2002). Totally, 97 snow samples were collected during three 
seasons. Quantitative chemical analyses of thaw snow water samples were done by Ecoanalyt 
Laboratory of the Institute of Biology Komi SC UrD RAS certified for doing quantitative chemical 
analyses for industrial ecological monitoring, environment pollution monitoring, and for scientific 
purposes according to certified quantitative chemical analysis methods (certificate № ROSS 
RU.0001.511257). Quantitative analysis methods used were pH-potentiometry with low ion power 
electrodes, thermal burning with infra-red detection using TOC-analyzer (SHIMADZU, Japan) – 
dissolved organic carbon; turbidimetry with KFK-3 (Russia) – sulphates; photometry with KFK-3 
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(Russia) – phosphates, nitrates, ammonium ions; colorimetrical titration analysis with micro-burette 1-
2-2-01 – chlorides; atomic emission spectrometry with inductive-coupled plasma – calcium, 
magnesium, potassium, sodium.  

Content of the study components in thaw snow water was identified in units of mass concentrations. 
For more precise interpretation the experiment results, they were re-counted to obtain corresponding 
values of substances’ entrance onto surface using the formula: 

                     Р = ( Cm · V / S) ·10        [1.1], 

where P – mass of component determinate entered on surface area unit (g m-2 or mg m-2); Cm – mass 
concentration of determinate in thaw water; V – thaw water volume of whole sample; S – inside cross-
section area of snow sampler (cm2); 10 – dimension adjustment coefficient. 

 

3. RESULTS AND DISCUSSION 

3.1. Snow water acidity (рН) 

Acidity (pH) is an important characteristic of atmospheric precipitation penetrating through tree 
crowns. It depends on forest type, age, season, weather and meteorological year conditions 
(Morozova, Kulikova, 1974). Old-aged spruce forests have insignificant changes in acidity of 
throughfall throughout study seasons. Snow water acidity depends on sampling site and varies from 
4.7 to 6.2. Snow waters become more acidic under spruce and birch crowns (Figure 1). By content of 
hydrogen ion, snow waters are low-acidic with average pH value of 5.2±0.4.  

 

 
Fig. 1. Distribution of pH by acidity groups 

 

3.2. Content of mineral elements by months 

Content of chemical elements in form of acid residues (anions) and cations in snow cover is a very 
variable value (Table 2). Errors of mean values of concentrations are very high; they are given in 
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diagrams only for general information. By the data (Chemical composition, 1964) hydrocarbonates 
dominate among anions and are most variable anions in atmospheric precipitation on the study 
territory. HCO3

- content in precipitation is generally determined from CO2 concentration in 
atmosphere.  

 

Table 2. Content of DOC and mineral ions in snow cover 

 

Index  DOC HCO3
- Ca2+ K+ Cl- Na+ SO4

2- Mg2+ NO3
- NH4

+ PO4
3- 

Min, g m-2  1.5 49 3.4 1.6 1.9 2.8 0.9 0.5 0.04 0.04 0.02 

Max, g m-2  1767 555 80 132.6 60.7 41.1 92.9 15.2 10.04 7.78 7.27 

Сv,% 125 46 67 120 67 66 90 86 77 113 226 

 

Snow waters collected under spruce forest canopy largely include after ion hydrocarbonates also 
calcium (0.02 – 0.03 g m-2), potassium (0.01 – 0.03 g m-2), sodium (0.01 – 0.02 g m-2), and ion 
chlorides (0.01 – 0.03 g m-2). The obtained concentrations of nitrates, phosphates, and ammonium 
were calculated and are below the analysis reliability. Deposition of some elements in thaw winter 
periods rises from 10 (Na+, HCO3

-) to 104 (NO3
-) times as compared to frosty windless months. 

Thawing periods are also important because melt snow wash away fine woody debris from crowns and 
so enrich snow samples with nutrient elements and organic carbon.  

Snow water composition largely includes dissolved organic carbon (DOC) (Table 2). Its highest 
concentration in snow samples is in December under spruce crowns. At the same time period, its 
concentration between crowns and under birch crowns is 3 times as less. In February DOC 
concentration falls because of low sum of snowfall and in March rises because of snow melting in all 
sampling sites.  

There are joint seasonal concentration change dynamics of calcium and potassium, sodium and 
chloride (Fig. 2). Sulphates and hydrocarbonates, in contrast to other ions, have their maximum 
concentration peaks in March, not in December.  

Calcium deposition under spruce crowns is at its maximum in December. In January its concentration 
decreases in general but remains stable high in several samples. From February (minimum calcium 
deposition) to March its concentration increases by 7 times. Potassium concentration is a very variable 
value; its highest concentration is in December under spruce crowns (up to 0.05 g m-2), its lowest 
concentration in February. Towards March it increases by 7 times under spruce crowns. Only sodium 
deposition is always high in December and January, it slightly increases in March relatively to its 
lowest values in February. Magnesium concentration in snow cover is significantly less than that of 
calcium. Magnesium is characterized the same values in December and March. Magnesium deposition 
is greater under tree crowns than that between crowns. 

Deposition of chlorides in snow cover in December varies from 0.021 to 0.035 g m-2. In January it 
remains the same as in December, decreases by 9 times in February and increases by 12 times in 
March. Deposition of sulphates in spaces between crowns and under crowns practically does not 
change during winter months comprising 0.11 g m-2 on average. Towards March it increases under 
crowns by a factor of 6. Deposition of hydrocarbonates is the same in December and January and 
decreases in February. НСО3

- deposition decreases between crown spaces and partly under birch 
crowns and increases under spruce crowns towards March. Dynamics of nitrogen compounds is 
difficult to follow due to its low content in samples. There is only a general trend like most ions that 
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they troughfall deposition increase in March as compared with January and February. Concentration of 
phosphates in snow samples is insignificant; its deposition is maximum high in December and in 
spaces between crowns. 

 

 
 

Fig. 2. Mean deposition of ions with snow under spruce forest canopy by months  

 

3.3. Spatial distribution of mineral elements deposition 

Deposition of mineral components in snow cover under spruce, birch crowns and between crowns (in 
“windows”) has been revealed. Almost all elements apart from nitrogen are accumulated in greater 
quantities under spruce crowns than between crowns (Fig. 3). Potassium is better deposited under 
spruce crowns being twice as more than it is in spaces between crowns. Content of ammonium ions 
and nitrate-ions, vice versa, is higher in spaces between crowns than under crowns. Consequently, the 
principle deposition way of Ca, Mg, K cations to snow cover is their leaching from tree crowns and 
fine woody debris.  
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Fig. 3. Average monthly (December-March) deposition of ions with snow under spruce forest canopy  

 

3.4. Annual deposition of mineral elements with snowfall  

Annual winter range of elements accumulation is principally the same as monthly accumulation (Fig. 
4). Calcium deposition is from 0.03 to 0.18 g m-2. Deposition in snow cover of potassium, sulphates, 
and phosphates are most variable throughout year. These ions seem to be leached from crown and 
plant fall and transmitted in snow cover prior to other elements.  

Total mineralization degree of snow cover in spruce communities by months is stable low. Depending 
of snow sampler installation place it varies between 0.05 in “windows” and 0.47 g m-2 under spruce 
crowns (Fig. 5). The highest mineralization degree is in December (about 0.33 g m-2) and the lowest in 
February (0.23 g m-2).  

Deposition of nutrition elements with winter troughfall under spruce forest canopy is a low value in 
natural conditions, actually 0.64 in spaces between crowns and 1.66 g m-2 under spruce crowns. This is 
the lowest value for the European North (Forest Condition…, 1999; Walker et al., 2003). 
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Fig. 4. Annual (2006-2009) deposition of ions with snow under spruce forest canopy 

 

 
Fig. 5. Total deposition of ions with snow under spruce canopy by months: 
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4. CONCLUSION 

Thus, monthly deposition of mineral elements into snow cover under canopy of spruce forests is 
limited to tens of milligrams per surface square meter (10-2 g m-2) that is very few. By chemical 
composition, snow throughfall under old-aged spruce forests is of hydrocarbonate-calcium character. 
By proton concentration, melt snow waters of spruce forests are low-acidic with mean pH value of 5.2. 
For winter months, deposition of nutrition elements with throughfall under spruce canopy in natural 
condition makes a low value, from 0.64 to 1.66 g m-2. Melting periods have great contribution in 
concentration of nutrition elements whereby melting snow washes fine plant debris out of crowns 
enriching snow cover with nutrition elements and organic carbon. Deposition of some elements in 
melting periods increases from 10 (Na+, HCO3

-) to 104 (NO3
-) times as compared to frosty windless 

periods. Difference in concentration of nutrients between samples from “window” and under crown is 
most expressed for K+, Cl- and SO4

2-; concentrations of these easy-soluble ions are maximum high 
under spruce crowns. Vice versa, nitrogen concentration is lower under crowns than that in “window” 
between crowns that evidences nitrogen absorption by needles even in winter time (Lindroos et al, 
2000). Reasoning from low deposition level of elements with precipitation, the investigated 
monitoring plots can be used as backgrounds for regional and global chemical monitoring purposes.  
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Abstract 

The use of long-term integrated monitoring for the identification, investigation and prediction of 
trends and developments in forested bassins has been carried out since several decades, but there is a 
lack of integration of the monitoring, harmonized data and concepts at a both National and European 
level. The main objective of the study is the analysis of the forested catchments status and the 
definition of appropriate environmental quality indicators with an integrated long-term, broad scale, 
cross-domain approach. The design of environmental quality monitoring and research sites and the 
establishing of common parameter sets to be collected across the network of long-term ecological 
research sites have been proposed, focusing on the multi-level and multi-functional approach. List of 
ecological parameters, indicators and indexes for analyzing, comparing and reporting environmental 
quality in forested catchments has been selected 

Key words: forested catchments , indicators, integrated monitoring ,list of parameters 

 

1. INTRODUCTION 

The long-term integrated monitoring for the identification, investigation and prediction of trends and 
developments in ecosystems has been recognized since several decades (Magurran et al. 2010, Niemi 
& McDonald 2004, Likens 1992). In fact, terrestrial and freshwater ecosystems are monitored by a 
number of networks, international cooperative programs and projects managed by different 
organizations, but they use different measurement protocols and sampling designs and the data 
obtained and the concepts are not harmonized (Lindenmayer & Likens 2009, Parr et al. 2002).  

The main objective of this study is the analysis of the ecosystem status and the definition of 
appropriate environmental quality indicators with an integrated long-term approach in forested 
catchments (terrestrial and freshwater ecosystems). 

Focusing on two types of ecosystems (forest and freshwater) it aims at defining measures relevant to 
different scales of investigation, implementing a multi-level and multi-functional approach, the 
proposing the design of environmental quality monitoring and research sites and the establishing of 
common parameter sets to be collected for long-term ecological research sites in forested catchments.  

A further target of the investigation is the selection of ecological parameters, indicators and indexes, 
useful to analyse and compare the environmental quality. To link the data from a givwn site to the 
high diversity of concepts and related indicators is the major challenge for all monitoring networks. 
Based on Cocciufa et al. (2007, in Parr et al. 2010), a set of minimum recommended parameters to be 
measured at each site as been agreed upon (Table 1). However, according to Parr et al. (2010), there is 
no guarantee at present that these parameters actually can be measured by most sites or national 
networks.  

The following five main questions are used to assess the particular indicators' suitability: 
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- At which sites has the indicator been measured of what quality? 
- Does the indicator represent a relevant component of at least one of the two target concepts 

Ecological Integrity or Ecosystem Services? 
- Does the indicator address national or EU level policy issues? 
- Are there any alternative indicators measured or available? 
- To which spatial and temporal scale does the indicator refer?  

 

2.INDICATOR CONCEPTS  

There is an agreement that the development and application of indicators have been very popular 
issues among scientists. Scientists, on the one hand, tend to deliver information, data and related 
indicators as detailed as possible. Policy and decision makers, on the other hand, are dependent on 
highly aggregated information and corresponding indicators, more or less easy to understand and 
suitable for communication, but often quite simplifying.  

2.1 Basic requirements for indicators 

Basic requirements for indicators have been well-defined and can be found for example in Müller & 
Burkhard (2010). Thus, indicators should be easily measurable, should be able to be aggregated and 
they should depict the investigated indicandum. The indicandum should be clearly and unambiguously 
represented by the indicators. These variables should comprise an optimal sensitivity, include 
normative loadings in a defined extent only, and they should provide a high utility for early warning 
purposes. Müller and Wiggering (2004) provide a list of further requirements for indicators (Table 2). 

 

Table 1:  Minimum recommended parameters to be collected at LTER-Europe Sites (* = highly 
recommended) (from Parr et al. 2010) 

 

Long-Term Ecosystem Research (LTER) is an essential component of worldwide efforts to better 
understand ecosystems (Müller et al. 2010, Mirtl et al. 2009; http://www.lter-europe.net). This 
comprises their structure, functions, and response to environmental, societal and economic drivers as 
well as the development of management options. Thus data collected within the LTER network are 
quite heterogeneous, as the sites do not only cover different eco-domains with wide ranges of different 
habitats, but the motivation for setting up LTER sites and thus, the measurements taken, are 
heterogeneous too. Together with missing standards about data storage and availability as well as for 
indicators, parameters and methods, this demands improvement in order to make the most use of long-
term data and time series. The information about the parameters measured (details about treatment, 
analysis, method, start and end of measurement, etc) is actually coarse and needs to be refined.  
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From this point of view, the monitoring program “EnvEurope” aims at designing a common 
indicator/parameter set based on a common conceptual ground broad enough to cover multiple aspects 
of ecosystems. Data from all sites can be integrated into this concept. To follow up, data from socio-
ecological research should be integrated, by using the concept of ecosystem services. In this context it 
has to be mentioned, that the comprehensive and long-term data from the existing monitoring sites 
provide a vast and highly valuable amount of information.  

 

Table 2: Requirements for ecological indicators (according to Müller and Wiggering 2004) 

________________________________________________________________________ 
- political relevance    - high level of aggregation 

- political independence    - target-based orientation 

 - spatial comparability    - usable measuring requirements 

 - temporal comparability   - usable requirements for quantification 

 - sensitivity concerning the indicandum  - unequivocal assignment of effects 

 - capability of being verified   - capability of being reproduced 

 - validity     - spatio-temporal representativeness 

 - capability of being aggregated   - methodological transparency 

 - transparency for users    - comprehensibility 

___________________________________________________________________________ 

 

Ecosystems can be regarded as self-organizing entities, and the degree of self-organizing processes 
and their effects can be chosen as an aggregated measure to represent the systems’ actual states 
(Müller & Burkhard 2010). The basic theoretical principles of this approach stem from the 
thermodynamic fundamentals of self-organization and from the orientor principle. Structures as well 
as processes in ecosystems are taken into account, whereas the structures represent the performance of 
the ecosystems and their capacity to provide ecosystem services. For the indicator sets' utilization in 
environmental management, a useful indicator set has to be based on political concepts and targets.  

2.2 Review and selection of abiotic/biotic indicators 

Existing ecological indicator sets comprise different potentials, advances and limitations. With respect 
to indicator complexity, there are very complex indicator sets with a very high number of proposed 
variables (Schönthaler et al. 2001, Statistisches Bundesamt et al. 2002). On the other hand, there are 
approaches that include a reduction up to one parameter only (Jørgensen 2000, Ulanowicz 2000, 
Odum et al. 2000).  

The indicator systems can be classified into different categories that include varying levels of 
integration, ranging from rather reductionistic to holistic indicators, integrating a broad range of 
environmental information (Burkhard et al. 2008): 

1.  indicators based on the abundance of selected species; 

2.  indicators based on the concentration of selected elements; 

3.  indicators based on ratios between different classes of organisms or elements; 

4.  indicators based on ecological strategies or processes; 
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5.  indicators based on ecosystem composition and structure; and 

6.  systems theoretical holistic indicators. 

Indicators based on the abundance of selected species include for example direct measurement and 
observation of selected species abundance, the saprobic classification, Bellan’s pollution index, bentix, 
macrofauna monitoring indices or the benthic response index (Jørgensen et al. 2010). The second 
group of indicators based on the concentration of selected elements are for example levels of 
eutrophication calculated e.g. based on phosphorus concentrations or, very commonly used, pH 
values. Ratios between different classes of organisms or elements are used as indicators for example 
by Nygard’s algal index or the diatoms/non-diatoms ratio. Ecological strategies or processes are the 
background for process and rate indicators. The calculated Shannon–Wiener index is an example for 
indicators based on ecosystem composition and structure. Further indicators referring to ecosystem 
composition and structures are analyses of food webs or ascendency. Systems theoretical holistic 
indicators can be related to the concepts of vigor, organization, and resilience to exergy 
/thermodynamic indices, ecosystem health or ecosystem integrity.  

2.2.1 Biodiversity indicator initiatives 

Biodiversity has been mentioned as major issues in environmental management and related monitoring 
(MA 2005). There are numerous biodiversity-related global and European policy instruments, for 
which biodiversity indicators need to be derived, for example: Ramsar Convention 1971; Bern 
Convention 1979; Bonn Convention 1979; EC Birds Directive 1979; EC Habitats Directive 1992; 
Convention on Biological Diversity CBD 1992; Pan-European Biological and Landscape Diversity 
Strategy 1995; Ministerial Conference on the Protection of Forests in Europe 1990, 1993, 1998; EC 
Water Framework Directive 2000; EC Biodiversity Strategy 1998 and its four sectorial Biodiversity 
Action Plans 2001; EU Sustainable Development Strategy 2001 and the Sixth Environment Action 
Programme 2001, the Millennium Development Goals to be achieved 2015 etc. 

Consequently, there are many initiatives to describe and to assess biodiversity (Scholes et al. 2008). 
But even though there is a high number of biodiversity data, there is no general concept on spatial, 
temporal and topical data organization. According to the EEA (2002), biodiversity indicators should 
meet the following criteria: 

1) be easy to understand and policy-relevant; 

2) provide factual, quantitative information; 

3) be normative (possibility to compare to a baseline situation) 

4) be scientifically sound and statistically valid; 

5) be responsive to change in time or space; 

6) be technically feasible and cost-efficient to use within acceptable limits; 

7) be useable for scenarios for future projections; 

8) allow comparison between member states; 

9) allow aggregation at national and multinational level; 

10) take into account region-specific biodiversity; 

Some selected biodiversity indicator systems are listed as follow:  

Streamlining European 2010 Biodiversity Indicators (SEBI 2010) was established in 2005 as a process 
to select and streamline a set of biodiversity indicators to monitor progress towards the 2010 target of 
halting biodiversity loss and help achieve progress towards the target (EEA 2007 & 2009). SEBI is 
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under the umbrella of the Convention on Biological Diversity (CBD). It is a regionally coordinated 
program that has been initiated in Europe as a collaboration between the EEA (European Environment 
Agency), PEBLDS (The Pan-European Biological and Landscape Strategy based on the Council of 
Europe and the UNEP Regional Office for Europe), assisted by ECNC (the European Centre for 
Nature Conservation) and the UNEP-WCMC (the World Conservation Monitoring Centre).  

Group on Earth Observations Biodiversity Observation Network (GEO BON) is a global partnership 
helping to collect, manage, analyze, and report biodiversity data (GEO BON 2010). It is a voluntary 
partnership of 73 national governments and 46 participating organizations and was launched in 2002. 
GEO BON aims at providing a framework for the partners to coordinate their data and observations 
within the Global Earth Observation System of Systems (GEOSS), GEOSS is providing access to 
data, services, analytical tools, and modeling capabilities. Biodiversity has been named as one of nine 
GEOSS priority societal benefit areas.  

Living Planet Index (LPI) is developed for land, freshwater and marine vertebrate species. The actual 
calculations of average population trends over time are based on a dataset of more than 2500 species 
and 8000 population time series over the past 30 years, three indices are calculated: “terrestrial species 
population index”, “freshwater species population index” and “marine species population index” 
(UNEP-WWF 2004, Loh 2000). 

Species Trend Index (STI) uses the number of individuals in populations of selected species to 
calculate the change in time (trend) of this number. Existing long time biological data series are 
needed. As a result, a simple linear graph (population size = f (time) is built. A baseline is set at 100 at 
the monitoring starting year. Increase or decrease percentage is then directly shown on the graphic as 
relative increase/decrease from the starting point (Cocciufa et al. 2007). 

National Biodiversity Index (NBI) is derived from data on richness and endemism in the four 
terrestrial vertebrate classes and vascular plants and adjusted to the country area (SCBD 2001). 

Red Lists and red list indices are of high relevance. Red lists provide a fundamental first step for 
conservation planning and prioritization (Brito et al. 2010). The lists present categories which are 
assigned to species based on taxonomy, conservation status and distribution and the species status is 
evaluated according to their extinction risk (http://www.iucnredlist.org/). There is an enormous variety 
of indicators that have been developed to assess some aspect of biodiversity on the national, 
international or global scale, but only a limited number of them is actually in use on a long term basis.  

2.2.2 Integrative environmental indicators 

There are numerous integrative environmental indicator sets and concepts. Relating to different issues, 
these sets are compositions of aggregations ("indices") of different structure and process indicators as 
well as socio-economic drivers and pressures (EEA 2002).  

Sustainability indicators (SI) (EC 2005). are grouped in different levels by the following 10 themes: 

1). Economic development 

2). Poverty and social exclusion 

3). Ageing society 

4). Public health 

5). Climate change and energy 

6). Production and consumption patterns 

7). Management of natural resources 
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8). Transport 

9). Good governance 

10). Global partnership 

Environmental issues are related with theme 5 (climate change), theme 6 (agriculture), theme 7 
(biodiversity, marine ecosystems, fresh water resources, land use) and theme 8 (environmental impact 
of transport). 

EEA core set of environmental indicators aims at the development and publication of policy-
relevant indicator-based reports. They include environmental signals reports, and sector-specific 
reports on transport (TERM) and energy (EERM). Main requirements on a core set of environmental 
indicators are to meet the increasing political demands for indicator-based reporting, to streamline 
indicator needs across these demands, to provide countries with clear priorities for environmental data 
collection initiatives and to allow the many international organizations to work together on a common 
approach (Kristensen 2003).  

OECD derive a set of key environmental indicators (OECD 2004) in order to measure environmental 
progress, complemented with several sets of sectoral environmental indicators to help integrate 
environmental concerns in sectoral policies. There are two groups of indicators: (1) pollution issues 
(climate change, ozone layer, air quality, waste regulation, freshwater quality) and (2) natural 
resources and assets (freshwater resources, forest resources, fish resources, energy resources and 
biodiversity).  

The Economics of Ecosystem and Biodiversity (TEEB) (www.teebweb.org) aims at applying an 
economic approach to environmental issues in order to help decision makers to determine the best use 
of scarce ecological resources (TEEB 2010). The major tasks are to provide information about benefits 
and costs, to create a common language about natural capital and ecosystem services, to reveal 
opportunities to work with nature by demonstrating where it offers cost-effective means of providing 
valuable services and to emphasize the urgency of action. 

Natural Capital Index (NCI) is calculated as the product of the size of the residual area of an 
ecosystem or habitat in a given country or region (ecosystem quantity) and its quality: NCI = 
ecosystem quantity * ecosystem quality (Brink 2000). 

Human appropriation of net primary productivity (HANPP) (Haberl et al. 2007 & 2009) is calculated 
as the aggregate impact of land use on biomass available each year in different ecosystems. In most 
regions, human land use activities have lead to a reduction of net primary production. The end 
consumption by people then raises the Human appropriation of net primary productivity over the net 
primary production of the potential natural vegetation.  

Critical Load Exceedence Index (CLE) is calculated from deposition data (or input flux in general) for 
acidifying pollutants and heavy metals and their critical loads by computing a difference: CLE = 
INPUT – CL. In case of acidity, sulfur and nitrogen, neutralyzing base cations deposition, uptyake and 
leaching are included in the calculation procedure. 

Connectivity Indices can be computed based on different approaches (Nearest neighbor measures, 
buffer measures, incidence function model measures, immigration rates respective dispersal success, 
search time, population spatial distribution or functional distances). 

Corine Land Cover (CLC) aims at compiling information on the state of the environment with regard 
to certain topics which have priority for all member states of the community (EEA 1994). The satellite 
image interpretation-based CORINE land cover data sets are available as 100 meter grids, 250 meter 
grids and 1 km grids with minimum mapping units of 25 ha (Burkhard et al 2009). The data include 44 
land cover classes which are grouped in a three-level hierarchical nomenclature: (1) artificial surfaces, 
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(2) agricultural areas, (3) forests and semi-natural areas, (4) wetlands and (5) water bodies. These 
classes represent more or less all land cover types occurring in Europe. The classes are clearly defined 
in the CLC nomenclature (EEA 1994). 

2.2.3 Indicators for freshwater environments 

The management of freshwater resources has started quite early because of the major importance of 
clear drinking water for the development of human settlements and the many conflicts of interest 
resulting from the huge diversity of use of water for other reasons ranging from waste disposal to 
recreation purposes. To list the broad variety and large of regional, national and binational monitoring 
programs developed to ensure the ready availability of clear freshwater for human consumption and to 
allow early warning in cases of pollution therefore would need more space then available here. 

The most recent international development was the release of the European water framework 
directive (EU-WFD 60/2000), which targets on the achievement of a “good ecological status” of all 
freshwater as well as for the protection of inland surface waters, transitional waters, coastal waters and 
groundwater coastal systems of the European Union until 2015. For this, all member countries had to 
develop harmonized classification systems for their different types of aquatic ecosystems allowing the 
indication of their ecosystems status by a set of defined biotic components parameters indicative of all 
biological quality elements. The status itself is assessed then by comparing the monitored status with a 
“reference status”; i.e. the status of the respective indicator in absence of significant anthropogenic 
pressures. 

Special efforts have been done the last 20 years for developing the concept of using the critical loads 
of acidifying pollutants and heavy metals for freshwater and their exceedances by real deposition as an 
indicator for the sustainability of water ecosystems (UBA, 2004). 

 

3. DRIVER- PRESSURE- IMPACT- RESPONSE MODEL  

The Driver–Pressure–State–Impact–Response (DPSIR) model is a tool for identifying and describing 
processes and interactions in human–environmental systems (EEA 2006, Burkhard & Müller 2008). It 
facilitates the analysis of specific cause–effect relationships within these systems. The first 
components are the Drivers of human action (the need for food, shelter or energy). These needs and 
related actions cause a Pressure on the environment (by land use, pollution), which might change the 
integrity of the ecosystems. A change of the environmental state normally has an Impact on the 
provision of ecosystem goods and services and thereby, on the society's welfare. An alteration of the 
social and economic welfare leads to Responses, which at best will try to improve the situation and to 
mitigate negative impacts. In a next iteration of this simplifying cause-effect model, the drivers 
constellation might change, leading to new decisions, new pressures etc. 

Ecosystem structures and processes form the base for the provision of ecosystem services. These 
services are the base for human well-being. Human decisions and actions again have an impact on the 
state of the environment (Figure 2). 

 

4. ECOLOGICAL INTEGRITY CONCEPT FOR INDICATOR DERIVATION  
Ecological integrity has been descriped by Barkmann et al. (2001) as a political target for the 
preservation against non-specific ecological risks, which are general disturbances of the self-
organizing capacity of ecological systems. Ecosystem service indicators can be seen as a next step, 
bringing socio-economic components into the human-environmental system. The integrity is focusing 
on self-organized systems, whereas health is referring rather to systems under human use (Burkhard et 
al. 2008).  
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Figure 2: Ecosystem integrity as the base for the provision of ecosystem services. 

 

In accordance with the concept of self-organization (Jørgensen 1996, Müller 1997, Jørgensen and 
Müller 2000, Ulanowicz 2000), the order of ecological systems emerges from spontaneous processes 
which operate without consciously regulating influences from the systems environment. The 
consequences have been condensed within the orientor approach (Bossel 1998, 2000, Müller and 
Leupelt 1998), a systems-based theory about ecosystem development, which is founded on the general 
ideas of non-equilibrium thermodynamics (Jørgensen 1996, 2000, Schneider and Kay 1994, Kay 
2000) and network development on the one hand and succession theory on the other (Odum 1969, 
Dierssen 2000). These theories state that self-organized systems are capable of creating structures and 
gradients if they receive a flow-through of exergy (Jørgensen 2000). This “high quality” energy 
fraction is transformed within metabolic reactions, producing non-convertible energy fractions which 
are exported into the environment of the system. As a result of these energy conversion processes, 
gradients (structures) are built up and maintained, leading to ordered structures and storages of the 
imported exergy within biomass, detritus and information (Schneider and Kay 1994).  

There are certain characteristics of an undisturbed development of an ecosystem which are increasing 
steadily and slowly, developing towards an attractor state which is restricted by the specific site 
conditions and the prevailing ecological processes. These basic thermodynamic principles have many 
consequences on other ecosystem features. Food web can become more complex, heterogeneity, 
species richness and connectedness can rise, and many other attributes can follow a similar long-term 
trajectory (Müller & Burkhard 2007). Many of these orientors cannot be easily measured or even 
modeled under usual circumstances. Some orientors can only be calculated on the base of very 
comprehensive data sets which are measured on a very small number of sites. Other orientors can only 
be quantified by model applications. Therefore, the selected indicators have to be represented by 
variables which are accessible by traditional methods of ecosystem quantification. This set should be 
based on the focal variables of ecosystem research which can be made accessible in comprehensive 
monitoring networks such as LTER. 

The focal components which should be taken into account to represent ecosystem integrity are 
ecosystem structures (biotic diversity, abiotic heterogeneity, habitat diversity) and ecosystem 
processes  (ecosystem energy balance, ecosystem water balance, ecosystem matter balance). (Müller 
& Burkhard 2010). On the base of the features mentioned above, a general indicator set to describe 
ecosystem or landscape states has been derived (Table 3). The basic hypothesis concerning this set is 
that a holistic representation of the degree and the capacity for increasing the complexity of ecological 
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processes on the base of a feasible number of indicators can be fulfilled by these variables. These 
variables also indicate the basic trends of ecosystem or landscape development. In fact, this variable 
set represents the degree of self-organization in the investigated system and it can be postulated that 
also the potential for future self-organization can be depicted with this indicator set. 

Baumann (2001) provided an overview of indicators to quantify the self-organizing capacity of 
ecosystems (ecological integrity) based on monitoring data from different spatial scales (Table 4).  

 

Table 3: Set of "optimum" indicators to represent ecological integrity (Müller & Burkhard 
(2007) and Müller (2005) 

Orientor group 

 

Indicandum Potential key variable     

Biotic structures Biotic diversity e.g. number and identity of selected species 

Abiotic structures Abiotic heterogeneity e.g. index of heterogeneity; habitat diversity 

Energy balance 
  
   

Exergy capture 

Entropy production 

 

 

Metabolic efficiency  

Gross or net primary production 

Entropy production after Aoki 

Entropy production after Svirezhev and Steinborn 

Output by evapotranspiration and respiration 

Respiration per biomass 

Water balance Biotic water flows  Transpiration per evapotranspiration 

Matter balance  Nutrient loss  

Storage capacity  
   

Leaching, e.g. of Nitrate 

Soil organic carbon  

Intrabiotic nitrogen 

Matter balance  Nutrient loss  

Storage capacity  
   

Leaching, e.g. of Nitrate 

Soil organic carbon  

Intrabiotic nitrogen 

 

Table 4:  Indicators to quantify the self-organizing capacity of ecosystems (ecological integrity) 
(Baumann 2001) 

Indicandum Example indicators - monitoring at 

(local scales  

Example indicators - monitoring 
at landscape scales 

Exergy capture gross primary production leaf area index 

Entropy production entropy balance after Aoki (1987) simplified entropy balance 

Biotic diversity numbers of selected species (guilds) numbers of selected species (less 
species groups) 

Abiotic heterogeneity heterogeneity index (local scale) heterogeneity index (landscape 
scale) 

Storage capacity biomass; stored intrabiotic N and P biomass; stored intrabiotic N and P 

Nutrient loss Nitrogen loss  Nitrogen loss (infiltration) 



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
72 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

Biotic water flows transpiration / total evaporation surface phytomass 

Metabolic efficiency respiration loss / biomass (energy usage) soil respiration per soil biomass 
(qCO2 destruents) 

 

4.1 Indicators suitable for LTER-Europe sites 

According to the ecosystem integrity based indicator concept, the main components to describe the 
state of ecosystems are their structures and processes. Structures are described by biotic diversity 
(flora and fauna) and abiotic heterogeneity (soils, water, air - forming the habitats). Biotic diversity 
includes several components. Basically it starts with the number and identity of species, followed by 
numbers of individuals per species and it may end up with the genetic diversity at the population level. 
Processes in ecosystems (cycling of energy, matter and water), can be characterized by indicators of 
inputs, storages and outputs. Based on these values and additional ecosystem state variables, efficiency 
measures can be calculated.  

4.2 Synthesis of identified indicators and parameters already measured at LTER sites  

A huge amount of data related to a high variety of themes is collected at the LTER sites as follow: 
4.2.1. Meteorological measurements on the site - PAR, wind direction (mean and gust), speed (mean 
and gust), humidity, temperature, precipitation, rainfall chemical analysis (NO2-, NO3-, NH4+, 
DOC…), global radiation , global radiation, temperature, albedo, net sol radiation, diffuse sol 
radiation, Sunshine duration, heat flux, temperature soil at 5cm, Atmospheric pressure, wet/dry 
Deposition Collector, UV radiation 

4.2.2. Soil properties- soil chemical characteristics (pH, CEC, EC, C and N content, …), isotopes 
measurements (Delta 13C measurement, Delta 15N measurement, 14C age, specify), soil bulk density, 
soil physical characteristic, potential matriciel, soil contamination (N deposition, ash deposition, heavy 
metal) 

4.2.3. Soil array measurement- soil moisture with depth, soil temperature with depth, CO2 surface 
flux, CO2 flux per soil horizon, N2O flux, soil solution sampling and measurements (DOC, DON, P, 
K, Ca, Mg, Na, Cl) 

4.2.4. Water properties- chemical properties (nutrients, pH, O2,….etc.), physical properties 
(temperature, conductivity etc.), optical properties, circulation and residence time, ground water 
quantity / quality / recharge time 

4.2.5. Sediments properties  of aquatic ecosystems- physical characteristics (water content porosity, 
granulometry), chemical  characteristics (pH, CEC, EC, C,  N and P content), isotopes measurements 
(Delta 13C measurement, Delta 15N measurement, 14C age), potential matriciel, contamination (N 
deposition, ash deposition, heavy metal) 

4.2.5. Autotrophic compartment (indication of the organism group)- abundance, biomass, 
phenology, biodiversity, production, LAI, C and N content, N, Mg, K, P, Na, content. 

4.2.6. Heterotrophic compartment (procaryotic and eucaryotic)- abundance, biomass, phenology, 
biodiversity (incl. species richness, dominance structure, composition), C and N content, DNA storage 
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Figure 3:  Potential roles of available data sources within the DPSIR framework. 

 

4.2.7. Biodiversity: For each taxonomic group- Procariots, Mosses, Fungi, Annelida, Molluscs, 
Crustaceans, Insects, Spiders, Other Arthropods, Amphibians, Reptiles, Mammals, Birds, Fish, 
Zooplankton, Meiofauna, Benthic macroinvertebrates. The potential roles of the different data sources 
are given on figure 3. The final identification of suitable indicator-parameter relations demands high 
efforts. But a common framework and a common strategy for a joint environmental monitoring would 
add much value to the current monitoring systems.  

4.3 Identification of over-arching indicators and indicators specific for LTER ecosystems  

Referring to the ecological integrity indicator components presented before, the coordinators of this 
monitoring network suggest the development of a core set of environmental themes and indicators for 
the different LTER ecosystem types implamented in 10 countries. These core set indicators are 
supplemented by relevant site-specific parameters from monitoring (Figure 4).  

 



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
74 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

Figure 4. The role of core indicators within the LTER monitoring framework. 

 

4.4 Example application 

In Table 5 an example is given of how measured values from the exemplary LTER site "Petrohan" in 
northwestern Bulgaria (SI0002) can be applied to practically quantify the ecological integrity 
indicators. The site and the area were part of the interdisciplinary research and development project 
started in 1986. The main aims of the project are the analysis and modeling of ecosystem structures, 
dynamics and stability conditions and the assessment of environmental strains and related resilience 
mechanisms (Ignatova 2001). Today the site is part of the LTER Europe. As Table 5 illustrates, the 
current monitoring focuses on matter budget (especially deposition inputs) and water chemistry in 
forest conditions. 

The following indicators are included:  

1) matter input: Nitrogen, Sulfur and Base cations deposition (kg/ha year) 

2) matter loss: soil solution in 40 cm depth in kg/ha year 

3) element concentrations: pH in soil solution in 40 cm depth 

4) energy budget: air Temperature (°C average) 

5) biotic waterflow: transpiration/evapotranspiration (T/Et_average) 

6) exergy capture: global radiation (J cm-²) 

7) water input:  precipitation (mm/year) 

4.4.1.Sampling design 

The site of Petrohan is situated in the Northwestern part of the Balkan mountain (longitude 43.14 and 
latitude 23.04) (figure 5) at 1490 m above sea level on the granite as a base rock with a Moderate 
Continental, Mountaineous Climat and Brown (Dystric Cambisols) soils. The amount of the annual 
precipitation is about 1060 mm with a mean annual temperature 4.8 oC. The vegetation is presented by 
an Assosiation of the Asperulo- Fagetum Sylvaticea, variant of Salvia Glutinosa, Habitat 9130. The 
age of the Beech forest is about 125 years with a mean annual timber 2.92 m3 ha-1 yr-1. 



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
75 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

 
Figure 5. Forest ecosystem monitoring site in Beech forest (Petrohan, Bulgaria). 

 

4.4.2. Sampling equipment 

In order to meseare the deposition of acidifying pollutants, base cations and heavy metals collectors 
for throughfall under Beech crowns have been installed in 3 positions (Figure 6). Throughfall is 
collected by 18 plastic funnels (1 m above the ground) with a collecting surface of 314 cm2 in 
polyethylene bottles (Figure 7) stored in the upper soil to minimize biological activity in the collected 
solution by darkness and lower temperature. The collectors for the snow bulk precipitation and 
throughfall have a collecting surface of 2400 cm2 (figure 8). Individual water samples are collected 
fortnightly with measuring water volume and analysing for the ions and elements of concern at the 
laboratory of Environmental protection at the University of Forestry, Sofia. 

      
Figure 6. Distribution of collectors for the deposition under beech crowns: 1 - close to the stem; 2 - 
under the half of the crown projection; 3 - between 2 trees. 

 

                
Figure 7. Permanently open collectors for the bulk precipitation (left) and the throughfall (right) 
deposition. 

● 
Petrohan 



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
76 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

                         
Figure 8. Permanently open collectors for the deposition in the winter period (snow). 

 

Stemflow plastic collectors as spirals are attached directly to the beech stems. They are firmly attached 
to the bark by means of silicone preventing stemflow from flowing behind them. A plastic filter is 
used to minimise sample contamination by letter, dead insects etc. Storage containers for the stemflow 
are kept cool and dark to minimise microbiological or chemical changes in the sample (figure 9 left). 
The frequency of empting the containers for measuring the amount and chemistry of the stemflow is 
the same as for all other deposition measurements (www.icp-forests.org/Manual.htm).  

 

            
Figure 9. Collectors for the stemflow (left), soil solution (midle) and botles for the perculating soil 
solution (right). 

 

Soil solution is collected using zero-tension lysimeters. Plate lysimeters with collecting surface 1200 
cm2 are installed at the depth of 5, 10, 20 and 40 cm and connected with collection vessels where the 
soil solution flows freely (fig. 5 midle and right). Transportation of the samples to the laboratory is 
carried out as quickly as possible using closed boxes containing cold packs. 

4.4.3. Pre-treatment of the samples 

All samples (bulk precipitation, throughfall, stemflow and soil solution) are stored in the refrigerator at 
1-4 oC before the analyses. Conductivity, pH, nitrate and ammoniun are analysed on the same day of 
sampling. Samples are filtered through a 45 μm membrane filter in order to remove any solid materials 
and to stabilise them for the subsequent analyses. 

 



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
77 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

4.4.4. Analitical procedures for the samples of bulk precipitation, throughfall, stemflow and soil 
solution 

The percentage difference (PD) of ion balances is calculated as follow: 

PD = 100 x (Sum Cations – Sum Anions) / 0.5 x (Sum Cations + Sum Anions) 

Sum Cations and Sum Anions are in µeq dm-3. 

The methods and instruments needed for analysing procedure are descriped in table 5. 

 

Table 5. Parameters for deposition and soil solution chemistry (according to www.icp-
forests.org/Manual.htm part XIV, version 2010) 
N Variable Method and Instrument Reporting unit Threshold 

1 pH Potentiometry (Two pount calibration 
is used) 

pH unit 5.00 

2 Conductivity Conductimetry (conductivity 
measurements made in the field is 
recommended) 

μS cm-1 10 

3 Total alkalinity Titrimetric determination, Gran two 
point, titration to pH 4.5 

μeq dm-3 100 

4 Ca, Mg, Na, K AAS Flame (422.7- Ca, 285.2- K) 
(AES Flame for Na and K) 

mg dm-3 0.25- Ca, Mg; 
0.5- Na, K 

5 NH4
+-N Kyeldal automatic distillation and 

titration (Keltec- Tecator) 
mg dm-3 0.25 

6 NO3
--N Kyeldal automatic distillation and 

titration after reduction (Keltec- 
Tecator) 

mg dm-3 0.5 

7 SO4
2--S Spectrophotometry (BaSO4) mg dm-3 1.0 

8 Cl- Argentometry (AgNO3, K2CrO4) mg dm-3 1.5 

9 Total P Spectriphotometry (molybdenum blue) mg dm-3 - 

10 DOC UV Absorbance (254 nm) mg dm-3 1.0 

11 Cd, Pb AAS (pre-concentration of samples is 
necessary) 

μg dm-3  

 

4.4.5. Sampling and Analysis of Soil 

All key soil parameters are analysed in accordance with the ICP Forests manual (www.icp-
forests.org/Manual.htm/PartX) as follow: 

pH (CaCl2), pH (H2O) –ISO 10390 (2005) 

Total N- ISO 13878 (1998) (Kjeldahl) 

Total C- ISO 10694 (1995) 

P- Spectrophotometry 

K, Na, Ca, Mg, Pb, Cd, Fe, Mn- ISO 11466 (1995) (AAS) 
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4.4.6.  Annual growth  

Variables to be assessed within the growth survey: plot level (Growth  plot size, growth plot design -
number of assessed trees) and tree level- tree species (diameter, increment, bark thickness, tree height, 
crown base, crown width, volume) (www.icp-forests.org/Manual.htm/PartV) 

4.4.7. Runoff of water under root zone 

The runoff of water under root zone has been measured as mean annual values for a period of 20 years 
(Kehayov 1986). The method is based on a splitting of river hydrograghs, hydrogeological parameters 
of the underground water bodies, measurement of the mineral runoff between neighbouring 
hydrometric sites, infiltration of the water source etc.  

4.4.8. Critical loads calculation and their exceedances by the real deposition 

The steady-state mass balance model to forest ecosystems is selected to be applied  with human helth 
(drinking water) effect based approach (figure 10) (Hettelingh and de Vries 1992; Downing et al. 
1993; Party et al. 1993; Sverdrup and de Vries 1994; UBA, 2004).  

Critical loads of acidifying pollutants are calculated according to the following equations: 

C L (A) = B C w + Q [ H ] crit + R Al/Ca ( B C dep + B C w - B C u) = 

= 2.5 B C w + 0.09 Q + 1.5 B C dep - 1.5 B C u 

where: C L (A) = critical load of acidity 

B C w = weathering of base cations 

Q = annual runoff of water under root zone, m3 ha-1 yr-1 

[ H+ ] crit = critical concentration of protons ( = 0.09 eq m-3 which corresponds to pH 4.0) (Hettelingh 
and de Vries 1992) 

R Al/Ca = critical Al/Ca ratio (= 1.5 eq eq-1) 

B C dep = atmospheric deposition of basic cations (BCdep - Cldep), eq ha-1 yr-1 

B C u = net growth uptake of basic cations, eq ha-1 yr-1 

Maximum and minimum critical loads of S and N are determined as follow: 

C L max (S) = C L (A) + B C dep - B C u 

C L min (N) = N u + N i 

C L max (N) = C L min (N) + C L max (S) 

where: N u    = net growth uptake of nitrogen, eq ha-1 yr-1 

N i  = nitrogen  immobilization (For podsols and hystosols, Ni = 3 kg ha-1 yr-1 (214 eq ha-1 yr-1) and 2 
kg ha-1 yr-1 (143 eq ha-1yr-1) for other soils) (UBA 1996).  

Critical load of nutrient nitrogen is composed as follow: 

C L nut (N) = N u + N i + N le (crit) 

N le (crit) = Q [N] crit 

where: N le (crit) = leaching of nitrogen at critical load, eq ha-1 yr-1 

[N] crit = concentration of nitrogen in the soil solution at critical load (for coniferous = 0.0143 eq m-3; 
for deciduous = 0.0215 eq m-3) (Posch et al. 1995) 
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The differences between the monitored and the critical possible loads of acidity, sulfur and nitrogen by 
present atmospheric depositions are calculated by the following equations: 

Ex (A) = P L (S) + P L (N) - B C dep - B C u - N u - C L (A) 

Ex (S) = P L (S) - Sf (B C u - B C dep) - C L (S) 

Ex (N) = P L (N) + (1- Sf) (B C u - B C dep) - C L (N) 

where: Sf – relative part of sulfur deposition in the common deposition of acidifying pollutants (Sf = P 
L (S) / P L (S) + P L (N) - N u - N i)); 

P L (S) – present deposition of sulfur [P L (S) = P L (S-SO2) + P L (S-SO4
2-)]; 

P L (N) – present deposition of nitrogen [P L (N) = P L (N-NO2) + P L (N-NO3
- + N-NH4

+)] 

Critical loads of lead and cadmium as an acceptable total load of their anthropogenic inputs are 
calculated with respect to recommendations mentioned in the last version of the Manual on 
Methodologies and Criteria for Modelling and Mapping Critical loads and Levels and Air Pollution 
Effects, Risks and Trends (UN-ECE 2004; Hettelingh et al. 2009). It corresponds to the sum of 
tolerable outputs from the ecosystem by harvest and leaching, while assuming a steady state situation. 
The model implies that the critical load equals the net uptake by forest growth plus an acceptable 
metal leaching rate, according to the follow equation:  

CL (M) =  Mu + Mle(crit) 

where:  CL(M) = critical load of a heavy metal M (Pb or Cd) (g ha-1 yr-1); 

Mu = Metal net uptake in harvestable parts of plants under critical load conditions (g ha-1 yr-1); 

Mle(crit) = critical leaching flux of heavy metal M from the considered soil layer (g ha-1 yr-1). 

The metal net uptake by harvestable parts of plants is calculated by multiplying the annual yield by 
the fraction of metal net uptake within the considered soil depth and metal content of the harvestable 
parts as follows: 

Mu = fMu Yha [M]ha 

where: Mu = metal net uptake in harvestable parts of plants under critical load conditions (g ha-1 yr-1); 

fMu = fraction of metal net uptake within the considered soil depth, accounting also for metal uptake 
due to deposition on vegetation surfaces (0.1); 

Yha = yield of harvestable biomass (dry weight) (kg ha-1 yr-1); 

[M]ha = metal content of the harvestable parts of the plants (g kg-1 dw). 

The critical leaching flux of heavy metals from the topsoil is calculated according to the following 
equation: 

Mle(crit) = cle  Qle  [M]ss(crit) 

where: Mle(crit) = critical leaching flux of heavy metal from the topsoil (g ha-1 yr-1); 

Qle = flux of drainage water leaching from the regarded soil layer (m yr-1); 

[M]ss(crit) = critical limit for the total concentration of heavy metal in the soil solution (10 mg m-3 for 
Pb and 3 mg m-3 for Cd) (UN ECE, 2004);  

cle = 10, factor for conversion of flux units from mgm-2a-1 to gha-1yr-1. 

Exceedances of critical loads of lead and cadmium by present atmospheric loads are defined by the 
following equation: 
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CL(M)ex =  PL (M) – CL(M) 

PL (M) = 10 Sum[C (M) P] 

where: CL(M)ex = exceedance of critical load of a heavy metal M (Pb and Cd); 

PL (M) = annual deposition of heavy metal with throughfall (g ha-1 yr-1); 

CL(M) = critical load of a heavy metal M (g ha-1 yr-1); 

C (M) = heavy metal concentration in throughfall (mg dm-3); 

P = amount of throughfall (mm); 

Soil type information is taken from the FAO soil map of Bulgaria. The data on base saturation, are 
obtained by means of 0,1 M BaCl2 (ISO 11260 and ISO 14254); 

Weathering rates of base cations are calculated according to the dominant parent material obtained 
from the lithology map of Bulgaria and the texture class taken from the FAO soil map, according to 
the organic mater content (%), the clay content for the fraction 0.01 mm in the soil (%), soil bulk 
density, cation exchange capacity, base saturation, C/N ratio and the pH of the soil (UBA 1996);  

Gibbsite equilibrium constant Kgibb for the Al - H relationship (m6 / eq2) is estimated in accordance 
with the soil organic mater in % and the soil type using the manual (UBA, 1996). 

Annual throughfall deposition of Base cations, S, N, Pb and Cd is defined by multiplying the 
throughfall amount with the elements concentration in the throughfall.  

 

 
Figure 10. Steady State Mass Balance approach - Input must be equal to the output) 
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There is an agreement that the effect of heavy metals on forest is in better correlation with their 
concentrations in soil solution than in soil (Lamersdorf et al. 1991, Tyler 1992, Wilkens 1995, 
Crommentuijn et al. 1997). From this point of view the leaching of heavy metals is obtained by 
multiplying the runoff of water under root zone with the critical concentration of the heavy metal in 
soil solution (UBA, 2004). 

 

5.THE CONCEPT OF ECOSYSTEM GOODS AND SERVICES AS A BASE FOR SOCIETAL 
INDICATORS  

The environment provides space to live for humans and other organisms and supports them with 
products and processes for life on earth. Classifications of ecosystem goods and services link 
structures and processes for achieving goods and services and the goods and services themselves 
within different classification categories. The base of these relationships is built by processes like soil 
formation, photosynthesis of autotrophic plants or cycling of energy, matter and water. These 
processes are named supporting ecosystem services (MA 2005). Cycling of energy, matter and water, 
a specific diversity of functional key species and suitable abiotic conditions are key components for 
the description of ecosystem functioning (De Groot et al. 2010).  

Similar factors are mentioned in the concept of ecosystem integrity which aims at preserving those 
structures and functions that are necessary for the maintenance of the self-organizing capacity of 
ecosystems (Barkmann et al. 2001). The dependence of ecosystem services which include the supply 
of products that can be consumed or used by people directly or indirectly (food, water, fiber, fuel or 
building material), on the integrity of ecosystems can be depicted in a rather straight line (Figure 11).  

 

 
Figure 11. Ecosystem service "cascade", from ecosystem structures and processes to human 

benefits (Haines-Young et al., 2006 in de Groot at el. 2010) 

 

Regulating services, including for example water and air purification, climate regulation, disease 
control, can be utilized by humankind directly. In addition, they include important components of 
ecosystem processes and functioning. Thus, there are mutual relationships with human well-being but 
also with provisioning services, cultural services and with the integrity of ecosystems reversely too. 
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The cultural services consist of certain rather subjective components as inspiration, spiritual 
experience, recreation, education and information.  

5.1 Ecosystem service indicators 

The quantification and operationalization of ecosystem goods and services have been among the 
biggest challenges of current ecosystem science (Burkhard et al 2010). Monetary approaches like cost-
benefit analyses, contingent valuations or willingness-to-pay assessments are useful attempts but they 
often disappoint due to the lack of appropriate pricing methods for non-marketed goods and services.  

Ecosystem integrity – as the base for the provision of all other ecosystem services – and respective 
indicators have been described above. Regulating ecosystem services include further ecosystem 
functions and are difficult to quantify in real systems. Thus, most assessments are based on model 
calculations. Moreover, some components of regulating services are overlapping with ecological 
integrity processes; for example processes related to nutrient or water regulation. Therefore, a high 
risk of merging and double-counting of ecological integrity processes and regulating ecosystem 
services is inherent. Figure 12 shows the concept of supply and demand of ecosystem services by 
linking ecological integrity with ecosystem services and human well being as a slight modification of 
the "ecosystem service cascade" presented in Figure 11. 

 

Figure 12. Conceptual model of ecosystem servicess' supply and demand in human-
environmental systems. 

 

As indicators for provisioning services production and trade numbers, market prices of products and 
further economic parameters are appropriate. They seem to be most easy to quantify but, changing 
markets and supplies, resource scarcity or altering production and trade patterns have to be considered. 
Assessments of cultural ecosystem services are very subjective and value-laden as each individual or 
group of individuals have different value systems and demands. Nevertheless, quantifications based on 
interviews, questionnaires or additional information sources can provide useful results. For certain 
cultural ecosystem services, for example recreation, tourist numbers or the numbers of overnight stays 
at particular locations are applied. 

In the beginning of each ecosystem service assessment, a selection and specification of relevant 
services must take place. Table 9 provides a list of ecosystem services including definitions and 
potential indicators for the quantification. The list has been derived from most recent literature.  
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Table 6. List of ecological integrity and ecosystem service components with definitions and 
potential indicators (De Groot et al. 2010, Burkhard et al. 2009, Müller & Burkhard 
2007, MA 2005). 

 

 Definition Potential indicators 

Ecological integrity 

Abiotic 
heterogeneity 

The provision of suitable habitats for different 
species, for functional groups of species and for 
processes is essential for the functioning of 
ecosystems.  

Habitat diversity indices 

heterogeneity indices (humus 
contents in the soil) 

number/area of habitats 

Biodiversity The presence or absence of selected species, 
groups of species or species composition.  

Indicator species representative for a 
certain phenomenon or sensitive to 
distinct changes.  

Biotic water flows The water cycling affected by plant processes in 
the system.  

Transpiration / total 
evapotranspiration 

Metabolic efficiency The amount of energy necessary to maintain a 
specific biomass, also serving as a stress 
indicator for the system. 

Respiration / biomass (metabolic 
quotient) 

Exergy capture The capability of ecosystems to enhance the 
input of usable energy. In ecosystems, the 
captured exergy is used to build up biomass 
(primary production) and structures.  

Net primary production 

Leaf area index LAI 

Reduction of nutrient 
loss  

The irreversible output of elements from the 
system, the nutrient budget and matter flows.  

Leaching of nutrients (N, P, Base 
Cations) 

Storage capacity The nutrient, energy and water budgets of the 
system and the capacity of the system to store 
them when available and to release them when 
needed.  

Solved organic matter 

Base cations, N, Corg in the soil 

Base cations, N, C in biomass  

Provisioning ecosystem services 

Crops Cultivation of edible plants. Plants / ha; kJ / ha 

Livestock Keeping of edible animals. Animals / ha; kJ / ha 

Fodder Cultivation and harvest of animal fodder. Fodder plants / ha; kJ / ha 

Capture fisheries Catch of commercially interesting fish species, 
which are accessible for fishermen. 

Fishes available for catch / ha 

kJ / ha 

Aquaculture Animals kept in terrestrial or marine 
aquaculture. 

Number of animals / ha; kJ / ha 

Wild foods Harvest of e.g. berries, mushrooms, wild animal 
hunting or fishing. 

Plant biomass / ha; 

Animals available / ha; kJ / ha 

Timber Presence of trees or plants with potential use for 
timber. 

Wood / ha; kJ / ha 

Wood fuel Presence of trees or plants with potential use as 
fuel. 

Wood  or plant biomass / ha 
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kJ / ha 

Energy (biomass) Presence of trees or plants with potential use as 
energy source. 

Wood  or plant biomass / ha; kJ / ha 

Biochemicals / 
medicine 

Production of biochemicals, medicines. Amount or number of products 

kg / ha 

Freshwater Presence of freshwater. m³ / ha 

Regulating ecosystem services 

Local climate 
regulation 

Changes in land cover, temperature, wind, 
radiation and precipitation. 

Temperature, albedo, precipitation, 
wind, temperature amplitudes, 
evapotranspiration 

Global climate 
regulation 

Sequestering or emitting greenhouse gases. Source-sink of water vapour, 
methane, CO2  

Flood protection Natural elements dampening extreme flood 
events  

Number of floods causing damages 

Groundwater 
recharge 

The timing and magnitude of runoff, flooding, 
and aquifer recharge, alterations, water storage 
potential of the system, conversion of wetlands 
or the replacement of forests with croplands or 
croplands with urban areas. 

Groundwater recharge rates 

 

Air quality regulation The capacity of ecosystems to remove toxic and 
other elements from the atmosphere. 

Leaf area index 

Air quality amplitudes  

Erosion regulation Vegetative cover, soil retention and the 
prevention of landslides. 

Loss of soil particles by wind or 
water; vegetation cover 

Nutrient regulation The capacity of ecosystems to carry out 
(re)cycling of e.g. N, P or others. 

N, P or other nutrient turnover rates 

Water purification Ecosystems have the capacity to purify water 
but can also be a source of impurities in fresh 
water. 

Water quality and quantity 

Pollination Ecosystem changes affect the distribution, 
abundance, and effectiveness of pollinators. 
Wind and bees are in charge of the reproduction 
of a lot of culture plants. 

Amount of plant products, 
distribution of plants,  

availability of pollinators 

Cultural ecosystem services  

Recreation and 
aesthetic values 

Landscape and visual qualities of the study area 
(scenery, scenic beauty), landscape and related 
recreational benefits. 

Number of visitors or facilities,  

questionnaires on personal 
preferences 

Intrinsic value of 
biodiversity 

The value of nature and species themselves, 
beyond economic or human benefits. 

Number of endangered, protected or 
rare species or habitats 
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5.2 Assessments of ecosystem services supply 

The capacity to supply particular services varies between different ecosystems. The individual 
capacities are strongly linked to natural conditions (land cover, hydrology, soil conditions, fauna, 
elevation, slope and climate as well as human impacts (mainly land use but also emissions).  

 

6. CONCLUSION 

The integration of data from monitoring sites in the different European biomes would provide a very 
useful data base for more quantitative forest and freshwater ecosystem assessments. As the ecosystem 
service concept is very holistic and comprehensive, as much relevant information as possible has to be 
taken into account. Information should be as detailed as possible and needed, in a relevant resolution 
and at an appropriate scale. Land cover information from remote sensing, simulation models, GIS and 
statistical data is an appropriate starting point. By integrating these features with further data, the state 
of ecosystems and their capacities to supply ecosystem services can be assessed and transferred to 
maps of different spatial and temporal scales. The results reveal patterns of natural conditions and 
human activities over time and the capacities of different ecosystems to provide ecosystem services 
under changing use.  
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Abstract 

The objective of the present work is the monitoring of the restoration course of the urban forest of 
Thessaloniki ten years after a highly destructive fire. In particular, soil surface conditions and 
establishment and evolution of regeneration (natural and artificial) are examined. Moreover, the 
impact of various treatments and important environmental parameters on forest regeneration are 
investigated.The first years after fire (1997), the overall coverage was 75%, with grasses covering the 
most area (35%), followed by shrubs (20%) – mainly kermes oak – and the remaining 20% was 
covered with logging residues. Natural regeneration covered the first two years only 2% and 6% of 
the area respectively and was dominated by Pinus brutia (86.7%), with minor coverage of Cupressus 
sempervirens and C. arizonica and Pinus pinea. The average density of natural regeneration 
presented strong reduction from 8,826 seedlings/ha the first year (1998), to 6,379 seedlings/ha in the 
second year, 3,235 seedlings/ha in the 5th year (2002) and 1,322 seedlings/ha in the 10th year, 
reaching a survival percentage of 17%. The average height of brutia pine was about 6 cm in the first 
year, 11 cm the second year, 75 cm the 5th year and 193 cm the 10th year. The artificial 
(complementary) regeneration included 21 (5 coniferous and 16 broadleaved) species. Most 
broadleaved species presented low survival percentage – 30.9% and 59.4% for Quercus pubescens 
and Quercus conferta respectively – due to wrong decisions during planning and implementation of 
the forest restoration.    

Key words: urban forest, natural and artificial regeneration 

 

1. INTRODUCTION 

Mediterranean type ecosystems are adapted to fires (Dafis, 1992); though fire remains a devastating 
factor to these ecosystems, burning an average of 40,000 ha of forest lands in Greece (statistical 
records of the Greek Forest Service). A forest fire burnt out almost half of the area of the urban forest 
of Thessaloniki in July 1997, under extreme weather conditions (high temperature and strong wind). 
The responsible Forest Service was called to cope with the problems resulted from the fire by 
removing the burnt wood and taking measures to prevent soil erosion and regenerate the forest.  

Preventive measures against erosion included branch barriers and log barriers constructed after felling 
the burned trees and placed along the contour lines. Artificial regeneration was done by planting in 
rows, after plowing or in planting holes (Grigoriadis et al. 2008). 

To monitor the post fire conditions and the response of vegetation to the measures taken, Forest 
Research Institute of Thessaloniki has established a number of permanent experimental plots in the 
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burnt area of the forest. Results of repeated inventories (1998 – 1999 – 2002 – 2007) of the plots are 
presented in this paper. The objective of the work is to present the restoration course of the forest ten 
years after fire, by investigating the evolution of characteristics related to ground coverage and to 
natural and artificial regeneration. 

 

2. STUDY AREA 

The urban forest of Thessaloniki extends on an area of 3,021 ha (Reforestation Department 
Thessaloniki, 1997) northeast of the city, at geographic longitudes 22o 57’ to 23o 04’ and latitudes 40o 
35’ to 40o 39’. The burnt area of the forest, that is the area under study, covers 1,664 ha – 55% of the 
total forest area (Reforestation Department Thessaloniki, 1997).  

 
Fig. 1. The urban forest park of Thessaloniki and the sample network in the burnt area 

  

Although in the Byzantine period the area was covered mainly with oak forests, by the beginning of 
the 19th century the natural vegetation had been already destroyed and artificial regeneration with 
coniferous species has began by the Forest Service. Artificial regeneration has been completed after 
World War II and resulted in a coniferous forest of Mediterranean pines and cypress, existed before 
the 1997 fire incident.  

The relief of the area is hilly, with above see altitude ranging between 85 and 560 m. Geologically the 
area belongs to the zone of Axios, with sedimentary and post-sedimentary rocks of the tertiary period. 
The soil is often shallow, rocky and intensely eroded with low productivity.  
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Data from the Meteorological Station of the Aristotle University of Thessaloniki (located 5 Km SE of 
the forest) indicate that climate is Mediterranean with one xerothermic summer period and mild, wet 
winter. Mean annual temperature is 15.6 oC and mean annual rainfall is 448 mm, with 41% of it falling 
within the vegetative period, while the biologically dry days are 127 (ombrothermic index of 
Emberger). 

Phytosociologically the area belongs to the para-mediterranean vegetation zone (Quercetalia 
pubescentis) and to the growth area of Q. coccifera (Coccifero-Carpinetum) (Athanasiadis, Ν., 1978, 
Dafis, 1973). The urban forest is an artificially created forest, about 60 years old, composed by 90% 
from brutia pine (Pinus brutia Ten) and the remaining 10% is umbrella pine (Pinus pinea L.) and 
cypresses (Cupressus arizonica, C. sempervirens). 

The urban forest of Thessaloniki is managed today under a multiple use framework, with predominant 
uses the protection of the city from erosion, the aesthetic and recreational use for the citizens and the 
educational and environmental role of the forest ecosystem (Gatzogiannis, et al. 1996).  

 

3. MATERIALS AND METHODS 
A random sample of 59 square plots of size 100 m2 (10x10 m) has been established in the study area. 
The variables recorded in each plot included: 

1. site characteristics (aspect, slope inclination, soil depth, altitude, etc.), 

2. Inventory of natural regeneration parameters (species, height) for all woody species in the 
plots, 

3. Inventory of artificial regeneration features (species, shape and top shoot growth). 

Descriptive statistics concerning ground coverage and variables of the natural and artificial 
regeneration have been calculated for each inventory year (1998 – 1999 – 2002 – 2007) to describe the 
restoration course of the forest after fire. 

 

4. RESULTS  
4.1 Ground coverage 

Average values of the ground coverage types for each inventoried year are presented in table 
1. Bare soil presents a reduction from 61% to 18.9%, grasses and shrubs show a fluctuation in 
their coverage, while branch barriers and log barriers have been reduced form 13% to 6% and 7.3% 
to 1.4% respectively. Natural and artificial regeneration have reached 16.3% five years after fire and 
24.9% ten years after fire. 

Thus, in the first decade after fire bare soil coverage has been dramatically reduced, grasses and shrubs 
increased significantly in the first years after fire but they have started to retreat. Natural and artificial 
regeneration have gradually increased their cover and reached in 2007 almost one fourth of the burnt 
area. Branch and log barriers present a clear reduction of their coverage due to the decomposition of 
their organic materials (table 1).  

The rapid decomposition of the branch barriers is moreover demonstrated by the average height 
values, which are 12.96 cm for the branch barriers and 14.69 cm for the log barriers, that is, branch 
barriers are in 2007 shorter than the log barriers, contrary to the initial situation ten years before (fig. 1 
& 2). 
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Table 1. Average cover values of the considered coverage types categories per inventory year 
(1998,1999,2001 and 2007). 

Coverage types 
Average cover (%) 

1998 1999  2002  2007  

Bare soil  61.0 30.0 17.2 18.9 

Grasses  11.0 42.0 29.6 28.9 

Shrubs  15.0 15.0 31.9 19.9 

Regeneration    16.3 24.9 

Branch piles  13.0 13.0 15.6 6.0 

Log barriers  7.3 1.4 

 

   
Fig. 1 & 2. Branch piles (residues) and natural regeneration of Pinus brutia 5 (left) and 10 (right) 
years after fire. 

 

4.2 Natural regeneration 

Natural regeneration comprises the following species, according to their presence frequency: Pinus 
brutia, Pinus pinea, Cupressus sempervirens, Cupressus arizonica, Pyrus amygdaliformis, Olea 
europea, Prunus sp., Ulmus cmpaestris. Natural regeneration density (as expressed by the number of 
stems per hectare) ten years after fire – that is, after the completion of the regeneration phase – 
assumes 5,200 plants per hectare; brutia pine dominates with 50% of the total regeneration area, 
followed by Cupressus arizonica (38%) and Cupressus sempervirens (12%).  

The overall survival of the natural regeneration species had the following course: 84.3% (1997 – 
1998), 42.9 % (1998-2002) and 17.7 % (2002-2007). The survival percentage of the most important 
regeneration species (brutia pine) was: 92.0% (1997 – 1998), 42.7% (1998 – 2002) και 12.3% (2002 – 
2007); the absolute numbers are shown in figure 3. 
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Fig. 3. Survival course for the most important species (Pinus bruia) at the burnt forest of Thessaloniki 

during the first 10 years (1998-2007). 

 

The natural regeneration species Pinus brutia, Cupressus sempervirens and Cupressus arizonica have 
reached an average height of 193 cm, 159 cm and 82 cm respectively. A comparison of the rate of 
height growth in the last five years (2002 – 2007), as indicator of their young growth shows that Pinus 
brutia grows faster (24 cm/year), followed by Cupressus sempervirens with 13.5 cm/year and 
Cupressus arizonica with 5.4 cm/year. 

4.3 Artificial regeneration  

The artificial regeneration species that have been planted in the period 1998 – 2007 were: Pistosporum 
sp., Olea europea, Robinia pseudoacacia, Quercus ilex, Cupressus arizonica, Pyrus amygdaliformis, 
Abies borisii-regis, Castanea vesca, Cedrus sp., Celtis sp., Pinus pinea, Cercis siliquastrum, 
Cupressus sempervirens, Acer negundo, Nerium oleander, Quercus frainetto, Pyracantha coccinea, 
Acer sp., Pinus brutia, Fraxinus ornos, Quercus pubescens. 

An objective of the artificial regeneration was introduce broadleaved trees to the composition of the 
forest.  According to the schedule a group of planted species was considered of major importance and 
was plant in high numbers (e.g. : Quercus pubescens, Pinus brutia, Quercus frainetto, Pinus pinea), 
while a second group of minor importance (Pistosporum sp., Castanea vesca, Abies borisii-regis, Acer 
negundo) was plant in smaller numbers of plants.  

Examination of the survival percentage of the planted species revealed high percentages of losses. 
After the ascertained high losses of broadleaved species, artificial regeneration was continued with 
Pinus brutia – a rational choice, if one takes into account the fairly good development of the conifer 
species in the burned area. 

Among the broadleaved species of the artificial regeneration there are species with a satisfying growth 
rate, such as Quercus ilex – 20 cm/year, Fraxinus ornos – 17 cm/ year and Robinia pseudoacacia –10 
cm/ year. There are also species with limited growth (Cercis siliquastrum – 8cm/year, Quercus 
pubescens – 6cm/year and Quercus frainetto – 4cm/year).  

Concerning the common artificial and natural regeneration species, Pinus brutia  and Pinus pinea 
plants presented no difference in height, while the plants of the two Cupressus species achieved 
greater height when artificially planted than as natural regeneration. 
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5. CONCLUSIONS 

Post fire restoration course of the urban forest of Thessaloniki was examined in the frame of a 
monitoring program, through continuous inventory of permanent plots. The results showed that only 
two years after fire ground cover was satisfying to protect the soil. It was composed mainly by grasses, 
followed by kermes oak and branch barriers. Natural regeneration, initially part of the grass layer and 
later component of the shrubs, has been strongly increased (25%), presenting domination trends.  

Forest restoration has been achieved, at a great part, through natural and artificial regeneration of two 
pine species (Pinus brutia and P. pinea) and two cypress species (Cupressus sempervirens and C. 
arizonica).  

Significant losses of regeneration plants have been recorded during the monitoring period. The fact 
reflects the difficult site conditions dominating the area after the fire and justifies the intervention with 
artificial regeneration. Better plant care measures after planting could have improve the success of 
artificial regeneration. 

Data of a comparative study in burned areas of brutia pine (Radoglou, Κ. and Christodoulou, Α. 1998) 
provide the following numbers of plants, ten years after fire: 899 plants/ha (Cyprus), 3,188 plants/ha 
(Thasos) and 3,350 plants/ha (Rhodes). Thus, the natural regeneration in the urban forest of 
Thessaloniki with 6,379 plants/ha constitutes a great success (Tsouvaras et al. 1987, Radoglou and 
Christodoulou, Α. 1998, Thanos and Markou 1991, Thanos et al. 1999, Thanos and Doussi 2000).  

Post fire restoration of a Mediterranean type pine forest is a complex process involving major 
ecological parameters. Long-lasting monitoring programs of the restoration course can provide useful 
information of the responses of vegetation to measures taken and improve the success of restoration.  
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Abstract 
Soil contamination with explosives has a negative impact on biota. In this study, standard test systems 
for eco-toxicity evaluation, i.e. Toxkits, were used. In addition to that, the toxic effect of 
nitroaromatics (NA)  on bacteria isolated from contaminated sites, was assessed using the time-kill 
curve approach and  phenotypic characterization. Higher plant response to the presence of NA is 
summarized using the data obtained from vegetation experiments, and visual inspection of a military 
camp. During 30 days of the vegetation experiment the growth of Secale cereale L. in the presence of 
NA and without it - was stimulated by the addition of the bacterial consortium AM-5, which was 
previously isolated from the same contaminated site. 

Key words: bacteria consortium; eco-toxicity; phenotypic characterization; time-kill curve   

 

1. INTRODUCTION 

TNT is the most frequently produced and used energetic chemical. It's wide use in open burning or 
detonation and training as well as improper manufacturing and disposal in landfills made it a major 
environmental pollutant. Classified by the US Environmental Protection Agency as a Class C chemical 
(Possible Human Carcinogen), TNT is toxic and genotoxic at relatively low concentrations to a 
number of organisms tested, binds tightly to the organic matter in soil, has relatively high solubility in 
water and is recalcitrant to degradation (Achtnich et al., 1999; Monteil-Rivera  et al., 2009; 
Pennington & Brannon, 2002; Rylott et al., 2010). Due to the chemical and toxicological properties of 
TNT, a number of laboratory studies have been carried out to evaluate a potential risk that the 
substance may present to humans and some ecological receptors (Robidoux et al., 2002). Application 
of biotests utilizing organisms from different taxonomic and trophic groups, as well as uptake routes 
and times of exposure, can indicate general stress and provide information about potential hazard to 
terrestrial ecosystems (Frische, 2002; Ek et al., 2006; 2007; Mankiewicz-Boczek, 2008).  

For the evaluation of the toxic effect of TNT in both artificially and naturally contaminated soils and 
pure systems on decomposers, the luminescence inhibition assay with Vibrio fischeri and growth 
inhibition assays with V. fischeri and Pseudomonas putida are the most typical bioassays to carry out. 
Other assays, such as enzyme activity in dynamic sand viable counts usually carry out on indigenous 
soil bacteria (Oh, B.-T., 2003; Zeng et al., 2004). 

The effect of TNT on plants has been investigated utilizing mostly agricultural species (e.g. wheat, 
barley, cress, onion, radish, cucumber, mustard) using germination, root elongation and biomass 
production as toxicological endpoints (Juhasz and Naidu, 2007). Three typical indicators of 
phytotoxicity of TNT to plant species include: increased chlorosis, leaf loss, and lack of new growth 
were used as indicators of phytotoxic effects (Pavlostathis et al., 1998). Plant tolerance to TNT 
depends on the species, the growth stage of the plant, TNT bioavailability, and soil characteristics. For 
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instance, germinating seeds, seedlings or mature plants of the same species tolerate different 
concentrations of TNT (Ramos et al., 2005). 

Earthworm bioassays are typically used for the determination of sublethal and chronic toxicological 
effects in terrestrial ecosystems. Earthworms were shown to fail to survive at >9000 mg TNT kg-1 soil. 
Toxicity of TNT in soils is controlled by soil properties such as clay and organic carbon content 
(Pennington and Brannon, 2002).  

The aim of this paper was to perform a comparative study on eco-toxicity of TNT and its degradation 
products using standard and modified tests. Standard test organisms as well as bacteria and plants 
sampled from contaminated sites were used as test organisms.  

 

2. MATERIALS AND METHODS 

2.1. Microbiotests 

The following test guidelines were used for the toxicity tests:  
Rotoxkit FTM. The Acute Rotoxkit FTM is a 24h assay based on mortality of the rotifer Brachionus 
calyciflorus freshly hatched from cysts. The bioassay was carried out in six replicates (Rotoxkit FTM  
Freshwater Toxicity test with Rotifer, 1992). 
Thamnotoxkit FTM. Thamnotoxkit FTM is an acute toxicity biotest with the freshwater crustacean 
Thamnocephalus platyurus. The biotests determines the mortality of larvae of the anostracan 
crustacean hatched from cysts. Calculation of LC50 concentration and percentage effect (EP) was made 
after 24 h exposure. Mortality after 24 hour exposure was determined as 24h LC50. (Thamnotoxkit 
FTM  Freshwater Toxicity test with Crustaceans, 1995). 

2.2. Microorganisms 

Four microorganism cultures were used in the study: Pseudomonas fluorescens strain LMKK 629 was 
obtained from LMKK collection; Pseudomonas fluorescens AM-PS11, Stenotrophomonas maltophilia 
AM-ST10 and Stenotrophomonas maltophilia AM-ST13 - three strains isolated from contaminated 
soil. Identification of isolated cultures by the 16S sequence analysis and determination of their general 
features was performed at BCCM/LMG Bacteria Collection in Ghent, Belgium (Table 1).   

 

Table 1. Characterization of Ps.fluorescens and St.maltophilia strains isolated from soil 
contaminated with explosives. 

 

General features Ps.fluorescens AM PS11 St.maltophilia AM ST10 St.maltophilia AM ST13 

Cell morphology rods (1.0 x 1.3-3.0 μm); 
single, pairs; nonmotile 

coccoid rods (0.9 x 1.2-
2.5 μm); single, pairs; 
nonmotile 

coccoid rods (0.9 x 1.3-
2.5 μm); single, pairs; 
nonmotile 

Gram stain negative negative negative 

Oxidase reaction negative negative negative 

Catalase reaction positive positive positive 

Acid from glucose (medium Hugh and 
Leifson): oxidative 

(medium Hugh and 
Leifson): negative 

(medium Hugh and 
Leifson): oxidative 

 

 



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
99 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

2.3. Time-kill study 

Time–kill experiments were carried out as described earlier (Pappalardo et al., 2009; Rukholm et al, 
2006). The cultures described in Section 2.2., were grown overnight on a rotary shaker 140 rpm at 28 
°C. Inoculum of 50 μL (2.0 x 109 CFU/mL) was then added to test tubes filled with distilled water 
(final volume 5mL) and incubated both in the presence and absence of TNT, with no shaking at 28 °C. 
In the tubes spiked with TNT, its level was 40 and 80 mg/L. Samples of 1,0 mL were removed at time 
points 0; 24 and  48 h from the test tube, diluted in distilled water serially 1:10 and plated on the TGA 
agar (Tryptone Glucose Yeast Extract Agar, Sifin, Germany). After the incubation at 28 °C for 48 h, 
plates were removed from the incubation chamber and colony counts were determined. 

2.4. Phenotypic characterization of bacteria cultures 

Phenotypic properties of bacteria cultures, isolated from soils contaminated with explosives, were 
tested with API® ID 32 E, API®  20 NE  (BioMérieux, France). Besides, API® 20 RAPID 20E was 
used with modifications, in two versions: with and without TNT addition. 24h old bacteria culture 
grown on TGA, was suspended in 300 mL of sterile 0,85% NaCl. In the versions with TNT addition, 
TNT was initially dissolved in sterile 0,85% NaCl to reach its arbitrary maximum concentration in 
water 100 mg/L (Phelan & Barnett, 2001; Ro et al., 1996). This suspension was used to inoculate the 
strip according to the instructions of the manufacturer. The strips were incubated at 28 ºC for 5 days 
during which color changes have been recorded (Overman et al., 1985). 

Metabolic profile of pure cultures was established using EcoPlate (Biolog, Hayward, CA). 24h old 
bacteria culture grown on TGA, was suspended with sterile 0,85% NaCl to obtain cell concentration 
103 CFU/ml. Well inoculation volume was 150 μL. After inoculation, plates were incubated at 28°C 
for 96h. Optical density (OD) was measured at 590 nm with a Microplate Reader, Model ASYS 
Expert Plus (Biochrom Ltd., UK). 

2.5. Vegetation experiment 

The experiment was carried out in two-layered soil columns. Topsoil of 4 cm contained in 
average 75 mg NA/kg. Soil contaminated with NA was sampled at Adazi military camp. 
Bacterial consortium AM-5 was previously isolated from the same site. The 20cm-long layer 
beneath the topsoil consisted of pure sandy soil sampled from uncontaminated site. The 
diameter of the soil column was 150mm. Three seeds of rye (Secale cerale L.) were sown per one 
column. The sets were installed in duplicate under the tent. During 30 days experiment, air 
temperature was monitored, soil moisture was maintained in the range of 50-70%. 

Bacterial consortium AM-5 consisted of Pseudomonas fluorescens (AM PS11) and four strains 
belonging to Stenotrophomonas maltophilia (AM ST09, AM ST10, AM ST12, AM ST13) were 
grown at 28 C with agitation 140 rpm. Medium composition was as follows, g/l: Na2HPO4 – 6.0; 
KH2PO4 – 3.0; NaCl – 0.5; molasses – 5; yeast extract – 2. Cell concentration of 48h old culture 
was 3.0 x 108 CFU/ml. At the beginning of the experiment soil was amended with 100 ml 
inoculum of bacteria consortium AM-5 and 2.5 g mineral fertilizer (N total – 16%; N-NH4

+ - 
10%; N-NH2 – 6%; P2O5 – 16%; K2O -16%; S -6%). 

 

3. RESULTS AND DISCUSSION 

3.1. TNT toxicity assessment using Toxkit  Microbiotests 

TNT toxicity in water was assessed using standard tests systems Toxkit. In particular, two 
freshwater test-organisms belonging to consumer trophic level, were tested, i.e. rotifer Brachionus 
calyciflorus and crustacean Thamnocephalus platyurus.  
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Rotifers are ecologically very important members of many aquatic communities. With copepod and 
cladoceran crustaceans they are the major constitutents of freshwater zooplankton, with turnover rates 
which are higher than those of the crustaceans. In many cases more sensitive than other crustacean test 
species in acute assays. The test organisms are included in the kits as “dormant” eggs (cysts).  

In this study, LC50 values for Brachionus calyciflorus and Thamnocephalus platyurus were inversely 
correlated with increasing concentrations of TNT in TNT-spiked water (Fig. 1). 

 

 
 

3.2. TNT  toxicity assessment for Ps.fluoresecens and St.maltophilia,  using time-kill curve 

A time–kill plot of the toxicity of TNT against four cultures chosen is presented in Figure 2. Time–kill 
analysis was controlled by a starting inoculum (107 CFU/mL) that increased in average by 0,75 log 
(median) over the subsequent 48 h, except St.maltophilia AM-ST13, where there was no increase in 
CFU observed from 20 h (Fig.2). 

Time-kill curves of two strains of Ps. fluorescens and both strains of St.maltophilia represented similar 
trends. TNT did not show bactericidal activity against any of the isolates instead, a persistent or 
tolerant effect was observed characterized by a recovery in cells growth after the bactericidal endpoint 
was reached at 24 h. However, it should be stressed that the CFU reduction level for each strain varied 
upon incubation. The biggest drop in cell count was ≥3 log10 CFU/mL for Ps.fluorescens LMKK 629 
(Fig. 3A). In the case of St.maltophilia AM-ST13, a slight CFU reduction as compared to the initial 
inoculum, was observed (Fig.2, C,D). Surprisingly, it seems that the killing process was not 
concentration dependent, since curves which correspond to samples inoculated with TNT level of 40 
mg/L are almost identical to those spiked with 80 mg/L of TNT (Fig.2).  

The results demonstrated that TNT has a low antibactericidal effect against both Stenotrophomonas 
maltophilia strains. Although Pseudomonas fluorescens exhibited a decrease in bacterial inoculum of 
about 3 log10 CFU/mL within 24 h, it also showed re-growth within the subsequent 24 h. Budha et al. 
(2009) and Pappalardo et al. (2009) explain the re-growth phenomenon by tolerance of isolate. 
According to Pappalardo et al. (2009), the concentration of starting inoculum - is one of the factors 
that influences the results (the regrowth, in particular). Besides, degradation of the bactericidal agent 
or even development of resistance can occur upon culture incubation. 
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and Thamnocephalus platyurus. 
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Results obtained in this experiment, correlated well with the previous studies on TNT toxicology. 
Travis et al. (2008) investigated acute TNT contamination of soil and suggested that pseudomonads 
were less sensitive to TNT than other heterotrophs, are able to thrive under new selective conditions 
and become prevalent soil community organisms at high concentrations of TNT. It was reported that 
the growth of pure cultures of  aerobic gram-positive and gram-negative bacteria exhibit differential 
sensitivity to TNT: aerobic Gram-positive organisms are severely inhibited by TNT concentration 
range between 9 to 66 mg/L, while most Gram-negative bacteria were still culturable at 100 mg/L of 
TNT (Fuller and Manning, 1997). This is in corellation with Neuwoehner et al. (2006), who reports 
that the cell growth inhibition assay with Pseudomonas putida, which is Gram-negative aerobe, shows 
no significant inhibition by TNT (>19 mg/L).  

 

 

  
Fig.2. Time-kill curve for different bacteria cultures in the presence of TNT.  A – Pseudomonas 
fluorescens LMKK 629; B – Pseudomonas fluorescens AM-PS11; Stenotrophomonas maltophilia 
AM-ST10; Stenotrophomonas maltophilia AM-ST13.  

 

Therefore high tolerance of Ps.fluorescens and St.maltophilia can be explained by the fact that both 
are Gram-negative aerobic bacteria. In addition to that, Pak et al. (2000) have reported transformation 
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of TNT by Ps.fluorescens. These researchers incubated purified xenobiotic reductase B from 
Ps.fluorescens I-C with TNT and demonstarted that this enzyme catalyzes aromatic ring reduction and 
nitro group reduction. Therefore the decrease in CFU after 24 h of incubation may be attributed to 
toxicity from some of the accumulating TNT transformation products (Oh, B.-T., 2003). 

On the other hand, St.maltophilia strains tested in this study were characterized to be able to degrade 
TNT. Therefore, incubation of St.maltophilia also can result in formation of TNT degradation 
products.  

3.3. Phenotypic characterization of bacteria cultures isolated from soil contaminated with explosive, 
using API® test systems 

3.3.1. API®  RAPID 20E test, in the presence of TNT 

In this study, the test was used with modification, i.e. the metabolism of Ps.fluoresecens AM PS11 and 
St.maltophilia AM ST10 cultures was evaluated with and without TNT. Comparative study on the 
effect of TNT on the metabolic activity of pure cultures tested indicated the delay in assimilation of L-
lysine and urease. This effect was observed in both cultures tested.  

Ps.fluorescens AM PS11 used xylose, D-glucose, and L-arabinose, while St.maltophilia AM ST10 did 
not used these substrates. Moreover, for Ps.fluorescens AM PS11 colour intensity in the tubes with L-
arabinose was developed more rapidly than in the tubes without TNT.  

3.3.2. API®  ID 32 E  test 

 Identification system API® ID 32 E was used for phenotypic characterization of 16 Gram negative 
bacteria cultures isolated from contaminated site. Analysis of the data obtained in this testing, has 
revealed the group of active ingredients used by more that 50% of tested cultures. Among these 
ingredients: 5-bromo-3-indoxyl-nonanoate, 4-nitrophenyl-D-glucopyranoside, 4-nitrophenyl-D-
galactopyranoside, 4-nitrophenyl-D-glucopyranoside, 4-nitrophenyl-D-galactopyranoside, 4-
nitrophenyl-D- maltopyranoside, and L-aspartic acid 4-nitroanilide were detected. 

At the same time, some active ingredients of API® ID 32E were not used by all tested bacteria 
cultures, e.g. L-arabitol, galacturonic acid, potassium 5-ketogluconate, sodium pyruvate, D-trehalose, 
L-rhamnose, and inositol.                                                                                                                                                                            

3.3.3. API®  20 NE  test 

API® 20 NE is a standardized system for the identification of non-fastidious, non-enteric Gram-
negative rods. Comparative study of phenotypic properties of 16 Gram-negative bacteria isolated from 
contaminated sites, showed that more than 50 % of tested bacteria cultures used: (i) potassium nitrate 
(reduction of nitrates to nitrites); (ii) L-arginine (Arginine DiHydrolase); (iii) gelatin (hydrolysis, 
protease); D-glucose (assimilation); (iv) 4-nitrophenyl-D-galactopyranoside (-galactosidase). 

3.3.4. Evaluation of bacteria growth using EcoPlate 
BIOLOG is a microplate technique originally designed to use metabolic patterns to identify pure 
cultures of bacteria (Guckert et al. 1986; Paixa et al., 2003). EcoPlate are used for community level 
phenotypic profiling, in order to compare microbial diversity in environmental samples. Besides, in 
some studies, metabolic profile of pure cultures is established using EcoPlate (Paixa et al., 2003). 
Growth intensity of two Ps.fluorescens cultures and two St.maltophilia cultures on different substrates 
after 23h and 96h incubation, using EcoPlate, is shown in Figure 3.  
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Fig. 3. Growth intensity of Ps.fluorescens LMKK 629, Ps.fluorescens AM PS11; Stenotrophomonas 
maltophilia AM-ST10; Stenotrophomonas maltophilia AM-ST13 on different substrates after 23h and 
96h incubation, using EcoPlate. 
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Among 31 substrates of EcoPlate, Ps.fluorescens LMKK 629 and Ps.fluorescens AM PS11 cultures 
were able to use 25 and 18 substrates, respectively. In turn, St.maltophilia AM-ST10; St.maltophilia 
AM-ST13 – 11 and 18 substrates, respectively (Fig.4). The differences in metabolic profile of four 
tested cultures were detected as for the number of utilized substrates as for growth intensity as well. 
 
 

 
 
 

3.4. Toxicity of TNT and its degradation products to higher plants 

3.4.1.  Vegetation at the sites contaminated with nitroaromatic compounds 

Visual inspection of flora distribution near to the detonation crater at the military polygon provided 
additional information on plants resistance to toxic explosives. For example, Koeleria glauca was the 
sole plant species, which grew in the vicinity of the detonation crater in the coarse sandy soils  
contaminated by explosives (Fig.5) (Dubova et al., 2009). Therefore, this plant could be a valuable 
model for the further study on the mechanisms of plant resistance to nitroaromatic compounds. 
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Fig. 5. Visual inspection of the site contaminated with nitroaromatic compounds.  

 

A brown powder (BP) was sampled at the military polygon and further identified by HPLC as a 
mixture of nitroaromatic compounds (Table 2). Testing of BP showed that the 4-Amino-2,6-
Dinitrotoluene, which is known as the most commonly identified transformation product during 2,4,6-
Trinitrotoluene biodegradation, was in a higher concentration than other compounds in the sample, 
The content of BP can be a result of incomplete detonation and partial biodegradation. Nitrotoluenes 
are categorized as priority pollutants with strict limits on concentration permitted in soil and water 
(Paca et al., 2008). 

 
Table 2. Composition of soil contamination with nitroaromatics, identified by HPLC 
(Dubova et al., 2009). 

 

Peak name NA, % Peak name NA, % 

1,3-Dinitrobenzene 0,198 2,4-Dinitrotoluene 0,342 

1,4-Dinitrobenzene 0,045 2,6-Dinitrotoluene 0,110 

2-Amino-6-Nitrotoluene 0,001 3,4-Dinitrotoluene 0,258 

4-Amino-2-Nitrotoluene 0,031 2-Nitrotoluene 0,014 

4-Amino-2,6-Dinitrotoluene 98,999   

 

Effect of BP to the higher plants was described earlier in a two-month-long pot experiment. A regular 
addition of an equivalent dosage of nitroaromatics (i.e. total amount 8.54 mg nitroaromatics/kg soil) 
for potted plants resulted in growth stimulation for wheat, barley and radish, , i.e. their shoot height 
was 62 %; 67 %; and 36 % higher, resp., as compared to control samples. In turn, tomato and cress 
salad seedlings were inhibited by BP up to 62 % and 80 %, resp. Among tested plants, cress salad 
demonstrated the highest sensitivity to nitroaromatics in both, 4-day root elongation test and 58-day 
vegetation experiment (Dubova et al., 2009).  

As Gong et al. reported, seed germination and early stage seedling growth tests showed the TNT 
stimulating effect for cress salad and turnip in the concentration range 5-25 mgTNT/kg soil, and for 
oat and wheat in the concentration range 25-50 mgTNT/kg soil (Gong et al., 1999). Another study on 
TNT toxicity for higher plants was reported by Robidoux et al. After 14-day experiment, growth of 
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barley was found to be considerably reduced in the presence of 56 mgTNT/kg artificially spiked silica 
(Robidoux et al., 2003). In a study of plant uptake of TNT and RDX from a contaminated site soil, 
corn stover, tomato vine, nutsedge, corn ears, tomato fruit, and lettuce died in soils containing 580 mg 
RDX kg-1 and 1720 mg TNT kg-1 (Pennington and Brannon, 2002). 

Obviously, the experimental design, i.e. one dose addition of the whole amount of NA at the beginning 
of experiment or continuous addition of NA during growth, - also can result in significant differences 
of plant response. Besides, toxicity can differ in dependence on the plant development stage.  

3.4.2.  Effect of bacteria consortium to the growth of Secale cereale L. in the presence of 
nitroaromatic compounds 

As was mentioned above, nitroaromatic compounds can either inhibit or stimulate the growth of 
higher plants. It depends on many factors, e.g. soil properties, nutrient status, concentration and 
composition of NA, plant species. In this experiment, the effect of bacteria consortium to the growth 
of rye was investigated. As shown in Figure 6, after 30 days vegetation experiment, biomass of aerial 
parts of S.cereale was considerably higher in the experimental sets where bacterial consortium AM-5 
was added. It attributed to both, pure sand and sand contaminated with TNT. 

 
 

4. CONCLUSIONS:  

The results summarized in this paper demonstrated a broad diversity of TNT/NA toxicity in 
dependence on test organism, TNT/NA concentration, physico-chemical conditions, as well as 
experimental design. 

The results obtained with the standard test systems (with Brachionus calyciflorus and 
Thamnocephalus platyurus) indicated that TNT exhibits toxicity in concentration dependent manner. 
In turn, toxicity study with Ps.fluorescens and St.maltophilia, using time-kill curve approach, 
demonstrated rather high resistance to TNT. The time-kill dynamic process is used in clinical 
microbiology studies to evaluate antimicrobial agents. This makes it possible to determine bactericidal 
or bacteriostatic activity of the antibiotic to predict the outcome of antibiotic treatment (Rajeh et al, 
2010). We assume, that application of this approach in ecotoxicologal tests looks promising since it 
may allow to observe inhibition of microorganisms by a xenobiotic in dynamics.   

Phenotypic characterization of bacteria strains have been isolated from soils contaminated with 
explosives, provided with additional information related to a broad diversity of soil microorganisms, 
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even if those belonging to the same species, e.g. Pseudomonas fluorescens and Stenotrophomonas 
maltophilia. Soil bioaugmentation with these cultures resulted in stimulation effect of rye growth in 
the presence of TNT and without it. Koeleria glauca was found as the sole plant species able to grow 
in freshly contaminated soil in the vicinity of the detonation crater.  

All these facts indicated the multi-factor influence on organisms exposed to TNT/NA in environment. 
Especially it attributes to the ecosystems of permanently contaminated sites. Growth/metabolic 
response of different organisms to the presence of explosives should be studied also in future in terms 
of eco-toxicity and bioremediation studies. 
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Abstract 

Enzymological and physico-chemical evaluation of the ecoremediation efficiency of a technogenic soil 
was carried out in recultivation plots. Experimental plots were installed on terraces of the spoil dump 
resulted from underground mining of Pb and Zn ores. Enzymatic indicators of spoil quality are 
considered as an index of bioremediation efficiency. Covering with soil, NPK fertilisation and sowing 
grass-legume mixture were recommended for raw and young soils, and for ecoremediation of old 
spoils, NPK fertilisation was recommended as the minimal treatment. 

The chemical properties of the soil quality of the complexly treated plots became comparable with 
those of the upper layer of the native soil. 

Key words: technogenic soils, lead, zinc, experimental plots, bioremediation, soil enzymes 

 

1.INTRODUCTION 

The evolution of technogenic soils is, by definition, the process of transforming all these wastes into 
soils used for different purposes (agricultural, forest, parks, sports fields, etc.). Simultaneously, this 
process is accompanied by reduction or elimination of the polluting effects of wastes on the 
environment. The practical importance of this process is growing because the development of mining 
and other industries leads to increasing amounts of waste. The evolution of technogenic soils presents 
questions of ecological importance too, which is related to a better understanding of the evolution of 
landscape as a whole (Harris, 1981). 

The efficiency of ecoremediation of technogenic soils is studied using many physical, chemical and 
biological methods. Enzymological methods have been applied and it has been found that the level of 
enzymatic activities is an important indicator for the degree of evolution of technogenic soils (Kiss et 
all, 1989). 

Biological recultivation experiments involving enzymological analysis were also carried out in 
Romania, at Rodna mine (Bistriţa-Năsăud County). The spoils submitted to ecoremediation had 
resulted from underground mining of lead and zinc ores, their concentration by flotation and 
decantation in a pond. 

 

2.MATERIALS AND METHODS 

2.1. Small plots 

Small recultivation plots (2 x 3.5 meters) were installed on terraces (VIII, V, III) from the nine terraces 
of the spoil dump. Terrace VIII was 2 years old, terraces V and III were 7, and 10 years old, 
respectively. The level difference between terraces was approximately 3.5 meters. On each terrace 
there were both plots with south-western aspect and plots with south-eastern aspect. 
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2.2 Experimental variants 

The 14 spoil plots were installed in the following variants: 

1. covering with soil plus farmyard manure (FYM) plus NPK plus seeding with Italian 
ryegrass and meadow clover (RC); 

2. FYM + NPK + RC; 
3. NPK + RC; 
4. NPK. 

The soil used was a loamy sand of low fertility. The thickness of soil cover on spoil plots was 10 cm. 
The farmyard manure was applied at a rate of 40 t ha-1. The mineral fertilisers used were NH4NO3, 
single superphosphate and potash salt (KCl), applied at rates of 150 kg of N ha-1, 200 kg of P2O5 ha-1 
and 250 kg of K2O ha-1. 

Italian ryegrass (Lolium multiflorum) and meadow clover (Trifolium pratense) were sown at rates of 
25 and 65 kg of seeds ha-1, respectively. On each terrace, untreated places in the vicinity of the 
experimental plots served as controls.  

Each plot was moistened with water from the Someşul Mare River, which flows at a 25 m distance 
from the foot of the spoil dump. Systematic watering of the plots was assured from the same source. 
The plots were supplementary fertilised with HN4NO3 (150 kg of N ha-1) after four months.  

2.3. Large plots 

Two large plots (20 x 2.5 m) were installed on terrace VI (5 year old). Plot I was covered with 10 cm 
of soil, fertilised with NPK, and sown with Italian ryegrass and meadow clover. Plot II was also 
covered with 10 cm of soil and fertilised with NPK and it was treated with about 50 kg of spoil taken 
from the surface layers of terrace I (the lowest and oldest, 15 – years old terrace). This spoil contained 
seeds of plants and microorganisms from the spontaneous flora and microflora. 

For covering plots I and II, the same soil was used as in the case of the small plots. The NPK fertilisers 
and their rates and the seeding rates were also the same. The large plots were moistened systematically 
with water from the Someşul Mare River. A supplementary NH4NO3 dosage (150 kg of N ha-1) was 
administered after four months. Controls of the large plots were also untreated places in their vicinity. 
A native, soddy soil at the foot of the spoil dump served for comparison. 

2.4. Enzymological analysis 

For enzymological analysis, the samples were collected from three depths: 0-10, 10-20, and 20-30 cm, 
in spring, summer and autumn. Phosphatase, catalase, and actual and potential dehydrogenase 
activities were determined. Nonenzymatic H2O2 – splitting capacity was also assayed. 

The modified method by Krámer and Érdei (1995) was applied for determination phosphase activity, 
in reaction mixture consisting of 2.5 g spoil, 2.5 ml toluene and 10 ml disodium phenylphosphate 
solution.  

Dehydrogenase activity was measured with the Casida method (Casida et all, 1964). The reaction 
mixtures consisted of 3 g spoil, 0.5 ml 3% triphenyltetrazolium chloride (TTC) solution, 1 ml distilled 
water (actual dehydrogenase activity) or 1 ml 3% glucose solution (potential dehydrogenase activity) 
and distilled water to form a thin aqueous layer on the surface of reaction mixtures.  

A technique based on Kappen’s (1993) method was applied for assessing total catalytic activity and its 
components nonenzymatic catalytic (H2O2 – splitting) capacity and catalase activity. Composition of 
the reaction: 2.5 g spoil, 10 ml distilled water and 2 ml 3% H2O2 solution.  

The control reaction mixtures contained:  
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a) no spoil; 
b) no substrate solution (this was replaced by distilled water). 

The analytical data served for calculation of the enzymatic indicator. The experimental plots, controls 
and the native soil were characterised by annual enzymatic indicators. 

 

3.RESULTS AND DISCUSSION 

3.1. Enzymological results 

The results of the enzymological analyses are presented in Fig. 1 and Fig. 2. Was selected to illustrate 
the evolution of enzymatic potential in soils – covered spoil plots (plots 1, I, and II) as compared to 
plots 2 and 3 (not covered with soil), untreated spoils (controls 1-3, I and II), and native soil. It is 
evident from these figures that the favourable effect of a soil cover on the enzymatic potential of spoils 
is long-lasting.  

 
Fig. 1. Evolution of enzymatic indicators in the small plots. 

 
Fig. 2. Evolution of the enzymatic indicators in the large plots. 
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The results have shown that the enzymatic activities (but not the nonenzymatic catalytic activity), the 
enzymatic indicators calculated for the whole period of experiments (8 and 7 years) gave the highest 
values in the spoil plots covered with soil, treated with organic and mineral fertilisers and sown with 
ryegrass and clover or with plants from the spontaneous flora. Complex treatment of the small plots 
was more efficient in creating an enzymatic potential in spoil than was mineral fertilisation alone, or 
mineral fertilisation plus seeding of ryegrass and clover. Covering of spoils with soil proved to be a 
more important ecoremediation measure even in comparison with organic fertilisation. 

Results of the analyses carried out at 8 and 7 years after the installation of small and large plots have 
confirmed the long-lasting effect of soil cover on the enzymatic potential of spoils (0-30 cm layers), as 
the enzymatic indicators of soil (spoil) quality could be ranked in the order: plot I > plot II > native 
soil > plot 4 > plot 1 >> untreated spoils (control 1-3). 

3.2 Physico-chemical results 

Physico-chemical evaluation of the ecoremediation efficiency of this technogenic soil was carried out 
in the small and large recultivation plots on lead and zinc mine spoils (Fig. 3). 

 

 
Variations of pH and carbonates content 

 
Humus and total N contents 
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Available P and exchangeable K 

Fig. 3. Physico-chemical parameters of experimental spoil plots 

 

The soil quality from the experimental plots was improved also from chemical point of view. The 
alkalinity of soil decreased and the contents of humus, total N, available P and exchangeable K 
increased in all experimental plots. The chemical properties of the technogenic soil became 
comparable with those of the upper layer of the native soil. 

 

4.CONCLUSIONS 
 

1. For the ecoremediation of raw and young spoils at lead and zinc mines, covering with 
soil, fertilisation with NPK, and sowing a grass-legume mixture were recommended, 
and for the ecoremediation of old spoils, NPK fertilisation was recommended as the 
minimal treatment. 

2. Physico-chemical evaluation of the ecoremediation efficiency of lead and zinc mine 
waste showed that these properties became comparable with those of the upper layer 
of the native soil. 
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Abstract 

Carbon dioxide, which is a “hotbed gas”, may be used as a very cheap and nontoxic carbon-
containing raw material (instead of natural gas and oil). Because CO2 is a byproduct of a large-scale 
hydrogen manufacture, it is very attractive to create new chemical syntheses on the base of carbon 
dioxide with H2 participation. Several processes of CO2 transformation in the presence of H2  to obtain 
valuable chemicals are developing in A.V. Topchiev Institute of Petrochemical Synthesis (RAS). 
Among them, there are reactions of CO2 hydrogenation (to give formic acid, methanol or methyl 
formate). Besides, there are investigated carbon dioxide interaction with propylene oxide and glycerol 
to prepare organic carbonates with using H2 as a reduced medium (that needs for forming active 
catalyst).  

Key words: carbon dioxide, hydrogen, formic acid, methanol, methyl formate, propylene carbonate, 
glycerol carbonate, hydrogenation, carboxylation 

 

1. INTRODUCTION 

Carbon dioxide emission is a global problem. At present, there are about 750 billions of CO2 tons in 
the earth atmosphere [1]. Among them, 13 ton’s billions is a result of the human activity. On the one 
hand, carbon dioxide is a “hotbed” gas, which is the threat for ecologic systems of mankind and 
animals. But on the other hand, CO2 is a carbon-containing raw material. Using this very cheap and 
nontoxic material, instead of natural gas or oil, gives the possibility for the natural resources economy. 
So, ecology and economy are interested very much in CO2 utilization. However, nowadays the 
industry uses less 1% of dismissed carbon dioxide because there are only a few manufactures with 
applying carbon dioxide. That means there is the necessity of new chemical processes of CO2 
transformation to valuable chemicals. Syntheses on the base of CO2 with H2 participation may be 
considered as one of the most attractive ways of carbon dioxide utilization, because carbon dioxide is 
a byproduct of the large-scale hydrogen manufacture from natural gas with the water steam treatment: 

СН4 + 2Н2О → СО2 + 4Н2                              /1/ 

Recently several research teams had developed processes of CO2 hydrogenation to obtain formic acid 
and its derivatives [2-19], methanol [20-23], ethanol [24, 25], dimethyl ether [26], methane [27], liguid 
alkanes [28-31], olefines [32]. In A. V. Topchiev Institute of Petrochemical Synthesis, there are also 
elaborated several ways of carbon dioxide utilization with hydrogen participation (fig. 1). As against 
other teams, Topchiev Institute research has two directions. One of them proposes using H2 as a 
substrate of CO2 hydrogenation to give formic acid, methyl formate and methanol. Another direction 
is the carboxylation reactions: with propylene oxide to obtain propylene carbonate and with glycerol to 
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synthesize glycerol carbonate. All these compounds are valuable chemicals. So, methanol is widely 
applied in chemical industry. Formic acid is used by pharmaceutical firms, tannery, pulp and paper 
plants, agriculture, pentaerytrithritol and various solvents manufactures. Methyl formate is a good 
solvent of minerals, fats, carbon acids, pulp esters; it is also applied in formic acid, urethanes and 
amides syntheses. Propylene carbonate is a nontoxic solvent and an important intermediate in the 
production of some polymers, plasticizers, modifiers, pesticides; it is also used by textile plants. 
Glycerol carbonate is a new chemical which has been already started to apply in the production of 
plasticizers, harmless solvents, medicines, varnishes, dyes; it may be also used as a base for preparing 
several valuable chemicals like glycidol, 1,3-propanediol, propylene glycol and lactic acid.  

CO2

+ H2

as a substrate

(H2:CO2= 1:1-3:1)

+ H2

as a reduced 
medium

(H2:CO2=1:1-1:4)

Methanol

Methyl formate

Formic acid

Propylene 
carbonate

Glycerol 
carbonate

Hydrogenation 
Carboxylation

reactions

+ 3 H2

+ 2 H2

+ 1 H2

+ Propylene 
oxide

+ Glycerol

 
Fig. 1: Carbon dioxide utilization with hydrogen participation 

 

2. MATERIALS AND METHODS 

2.1. Materials 

The reactions of CO2 with H2 participation have been carried out in the presence of rhodium 
complexes (RhCl3, RhCl(PPh3)3, Rh(acac)(CO)2, [RhCl(CO)]2) modified by phosphorous-containing 
ligands (table 1) or chitozan. Rhodium complexes (RhCl(PPh3)3, Rh(acac)(CO)2, [RhCl(CO)]2) and 
phosphorous-containing organic compounds (ethryol phosphite, aryl and oligoaryl phosphonites) have 
been prepared by known methods. Commercial chemicals (“Fluka”, “Aldrich” and others) RhCl3, 
PPh3, OPPh3, P(OPPh3)3, PBu3

n, bis(1,4-diphenylphosphine)butane (dppb), bis(1,2-diphenyl-
phosphine)ethane (dppe), dimethylsulfoxide (DMSO), methanol, glycerol, propylene oxide, methyl 
iodide, chitozan have been applied without any special cleaning. Triethyl amine has been distillated 
under an alkali before it’s using.  

2.2. Carbon dioxide hydrogenation procedure 

CO2 hydrogenation has been carried out at room temperature in the stainless steel autoclave (100 ml) 
with the electromagnetic stirrer. Before the reaction start, a rhodium complex and a phosphorous-
containing organic compound (a ligand) have been dissolved in the mixture of DMSO (5 ml) and NEt3 
(1 ml) with stirring under hydrogen atmosphere. Here triethyl amine took part a sink of formic acid 
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(that allowed to escape the thermodynamic limits of the reactions of formic acid and methyl formate 
syntheses). Then H2 and CO2 (1:1 mol.) have been successively input into the autoclave till the 
pressure about 7 MPa. After 20 hours of the reaction, there has been analyzed formic acid with using 
H1 NMR- spectroscopy. Methanol and methyl formate have been registered by GC-method. 

2.3. Carbon dioxide interaction with propylene oxide procedure 

Carbon dioxide interaction with propylene oxide has been realized in the stainless steel autoclave (250 
ml) with the electromagnetic stirrer. In this reactor there have been loaded the mixture of a rhodium 
complex, a phosphorous-containing compound (or chitozan), propylene oxide, DMSO (or other 
solvent: methanol or dimethyl formamide). Then the autoclave has been blown with hydrogen. After 
this procedure, first, CO2 (5 MPa) and, then, H2 (5 MPa) have been imported into the reactor. The 
reaction has occurred at temperature about 140oC during about 15 hours. The reaction products 
(propylene carbonate and propylene glycol) have been analyzed by GC-method with using the 
capillary column filled out with PEG. 

Table 1:Phosphorus-containing ligands for rhodium complexes modification 

Ligand Chemical formula Molecular weight 

Tributyl phosphine  Р(С4Н9)3 

(РBu3) 

202 

Triphenyl phosphine  Р(С6Н5)3 

(РPh3) 

262 

1,2-bis(diphenyl phosphine)-ethane 

(dppe) 

Ph2PCH2CH2PPh2 398 

1,2-bis(diphenyl phosphine)-butane 

(dppb)  

Ph2P(CH2)4PPh2 426 

Triphenyl phosphine oxide OPPh3 278 

Triphenyl phosphite Р(OPh)3 310 

Ethryol phosphite  P(OCH2)3C(C2H5) 162 

Aryl phosphonite PhP(OPh)2 294 

Oligoaryl phosphonite A 
 

H3C CH3

O
P

O

Ph

 n
VII

 

5500 

Oligoaryl phosphonite B 
 O

P O

n
Ph

 

4600 
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Oligoaryl phosphonite C 
 

 

3600 

Bicycle cresol phosphite 

Me

O

Me

O

Me

O

P

 

376 

 

2.4. Carbon dioxide interaction with glycerol procedure 

The 75 ml mixture of glycerol and a solvent (methanol, DMSO, water, acetonitrile) has been placed 
into the stainless steel autoclave (250 ml) with the electromagnetic stirrer. Then, there has been added 
the catalytic system including rhodium chloride (1,8∙10-3 mol/l) and chitozan (2,8∙10-2 mol/l) which 
was previously prepared with stirring in a solvent (15 ml) during 30 min. In some experiments methyl 
iodide (CH3I/CH3OH= 0,05 mol., CH3I/Rh= 330 mol.) has also been imputed into the autoclave. The 
reactor has been blown and checked in it’s hermetic with hydrogen which, then, was withdrawn 
outside. After that, CO2 (4 MPa) and H2 (1 MPa) have been successively input into the autoclave. The 
reaction mixture has been heated with stirring till the assign temperature (140-200oC). The interaction 
of carbon dioxide with glycerol has occurred under the constant temperature during about 20 hours. 
The reaction product (glycerol carbonate) has been analyzed by GC-method with applying the 
capillary column (60 m/0,25 cm) filled out with Cowax. 

 

3. CO2 HYDROGENATION 

Carbon dioxide hydrogenation in the presence of rhodium complexes modified with phosphorous-
containing organic compounds (P-ligands) at room temperature gives three chemicals: methanol, 
formic acid and methyl formate which forms according to the following reactions equations: 

CO2 + 3H2 ↔ CH3OH + H2O               /2/ 

CO2 + H2 ↔ HCOOH                           /3/ 

2CO2 + 4H2 ↔ HCOOCH3 + 2H2O      /4/ 

The selectivity of hydrogenation is established to be dependent on the catalytic composition (on the 
rhodium catalytic precursor and on the type of P- ligand). The main factor influencing on the 
selectivity is a ligand basicity. In the fig. 2 there is shown the distribution of CO2 hydrogenation 
products obtained with using RhCl3 and different monodentate P-ligands with increasing their basicity 
in the following row: OPPh3 < P(OPPh)3 < PPh(OPh)2 < PPh3. As seen, in the case of a very weak P-
ligand (such as triphenyl phosphine oxide), the major product is methanol (there is also methyl 
formate in a small amount). If applying phosphite (which is a stronger ligand being an acceptor of the 
electron density), HCOOCH3 dominates, but CH3OH takes place in a small amount. Using PPh3 
(which is the rather strong ligand being a donor of the electron density) gives the only formic acid. In 
the case of phosphonite (having the middle properties between phosphine and phosphite), there are 

O
P O

XXVб
20-22
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registered two chemicals – formic acid and methyl formate (with the molecular ratio HCOOH to 
HCOOCH3 ~ 3:2 mol.). If replacing monodentate phosphonite by polydentate ligands (by oligoaryl 
phosphonites), formic acid selectivity is magnified till the molecular ratio of HCOOH to HCOOCH3 ~ 
9:1 (table 2). 

 
Fig. 2: The distribution of products of CO2 hydrogenation catalyzed by {RhCl3∙4H2O + P-ligand} in 

the dependence of phosphorous-containing ligand 

(25oC, 7 MPa, CO2:H2= 1:1 mol., [Rh]= 1∙10-3 g-at/l, P/Rh= 6 mol., 20 hrs, dimethylsulfoxide 
(DMSO) as a solvent, triethyl amine (20 % vol.) 

The dependence of CO2 hydrogenation selectivity on the basicity of the monodentate ligands is 
preserved after changing RhCl3 for Rh(acac)(CO)2. As seen from the data of table 3, in the case of 
using this rhodium complex there is the following accordance: a weak ligand (OPPh3) and a P-ligand 
absence are to methanol, a middle strong P-ligand (phosphite) is to the mixture of methyl formate and 
methanol, strong ligands (PPh3, PBun

3) are to formic acid. At the same time, there is the distinction for 
polydentate ligands from monodentate ones (coordinated with Rh(acac)(CO)2). So, bidentate 
phosphines (dppe, dppb) decrease HCOOH yield and raise methanol yield. But oligoaryl phosphonites 
reduce formic acid selectivity and increase methyl formate selectivity.  

Table 2: CO2 hydrogenation catalyzed by RhCl3 with phosphorous containing ligandsa 

Ligand TON Selectivity, %  

CH3OH HCOOCH3 HCOOH 

- 0 0 0 0  

Triphenyl phosphine oxide 240 87  13  0  

Triphenyl phosphine  520 0  0  100  

Triphenyl phosphite  800 10  90  0  

Aryl phosphonite 1160 0  39  61  

Oligoaryl phosphonite A  960 0 11  88  

Oligoaryl phosphonite B  1080 0 17  83  

Oligoaryl phosphonite C  1210 0 9 91 
aT= 25оC, P(CO2)= 3,5 MPa, P(H2)= 3,5 MPa, DMSO as a solvent, NEt3 (20 % vol.), [Rh]= 1∙10-3 g-at/l, P/Rh= 
9 mol., 20 hrs 
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Table 3: CO2 hydrogenation catalyzed by Rh(acac)(CO)2 with phosphorous-containing ligandsa 

Ligand TON Selectivity, %  

CH3OH HCOOCH3 HCOOH 

- 471 97  3  0  

Monodentate ligands 

Triphenyl phosphine oxide 32 100  0  0  

Ethryol phosphite 335 53 47 0 

Triphenyl phosphine 510 2  0 98  

n-Tributyl phosphine 215 7  0 93 

Polydentate ligands 

Dppe 31 68  0  32  

Dppb 75 20 0  80  

Oligoaryl phosphonite B 860 0 87 13 
aT= 25оC, P(CO2)= 3,5 MPa, P(H2)= 3,5 MPa, DMSO as a solvent, NEt3 (20 % vol.), [Rh]= 1∙10-3 g-at/l, P/Rh= 
9 mol., 20 hrs 

 

The same situation is also typical for the catalytic compositions of RhCl(PPh3)3 with P-ligands. As 
seen from the data of table 4, the system including oligoaryl phosphonite gives HCOOCH3 
predominantly. With applying OPPh3, methanol and formic acid are obtained. The composition 
{RhCl(PPh3)3 + PPh3} produces the only formic acid. It should be noted that without any additional 
ligand RhCl(PPh3)3 also gives HCOOH with 100% selectivity. But, unfortunately, this rhodium (I) 
complex is deactivated very fast (fig. 3, I). The particular stabilization of the rhodium catalyst takes 
place in the presence of additional PPh3 (fig. 3, II). The best effect is achieved with applying a big 
abundance of phosphine together with the addition of KNO3 (fig. 3, III).  

 

Table 4: CO2 hydrogenation catalyzed by RhCl(PPh3)3 with phosphorous-containing ligandsa 

P-ligand TON Selectivity, %  

HCOOH CH3OH HCOOCH3 

- 330 100  0  0  

Triphenyl phosphine oxide 650 74  24  2  

Triphenyl phosphine 1150 100  0  0  

Oligoaryl phosphonite B 1230 20  0  80  
aT= 25оC, P(CO2)= 3,5 MPa, P(H2)= 3,5 MPa, DMSO as a solvent, NEt3 (20 % vol.), [Rh]= 1∙10-3 g-at/l, P/Rh= 
9 mol., 20 hrs 
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Fig. 3: Formic acid formation during CO2 hydrogenation catalyzed by {RhCl(PPh3)3 + PPh3}: I-P/Rh= 

3 mol.; II- P/Rh= 12 mol.; III- P/Rh= 12 mol. with the addition of KNO3 (KNO3/Rh= 10 mol.). 

(25oC, 6 MPa, CO2:H2= 2:1 mol., [Rh]= 1∙10-3 g-at/l, 20 hrs, DMSO, NEt3 (20 % vol.) 

 

So, there is a possibility to obtain one of the chemicals (formic acid, methyl formate and methanol) 
from CO2 and H2 at room temperature with a very high selectivity. The best catalytic compositions for 
the HCOOH synthesis are {RhCl(PPh3)3 + PPh3 + KNO3} (HCOOH selectivity – 100%, TON ~ 1500) 
and {RhCl3 + oligoaryl phosphonite C} (HOOH selectivity – 91%, TON ~ 1100). Methyl formate is 
getting with 80% selectivity and TON more 980 in the presence of {RhCl(PPh3)3 + oligoaryl 
phosphonite B}. The best catalyst for preparing methanol is Rh(acac)(CO)2 without any additional 
ligands (97% selectivity, TON ~ 460).  

Among the catalytic systems researched, the most effective CO2 accumulators are {RhCl(PPh3)3 + 
PPh3 + KNO3} (TON ~ 1500), {RhCl(PPh3)3 + oligoaryl phosphonite B} (TON ~ 1230) and {RhCl3 + 
oligoaryl phosphonite C} (TON ~ 1210). 

 

4. ORGANIC CARBONATES SYNTHESES 

Rhodium complexes modified with phosphorous-containing ligands (P- ligands) have been found out 
effective catalysts for organic carbonate syntheses from CO2 under H2 pressure. It should be noted that 
during these syntheses hydrogen hasn’t been spent, but it has been necessary for forming active 
catalytic centre: rhodium catalysts have been established to work only in the presence of hydrogen. 

The rhodium catalytic systems with P-ligands have been used for propylene carbonate synthesis from 

carbon dioxide and propylene oxide /5/:  

As seen from the data of table 5, rhodium compounds modified with PPh3 were rather active in the 
reaction /5/ but they weren’t selective: along with carbonate, propylene glycol (a product of propylene 
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oxide hydrogenation) was obtained. The selectivity was increased till 100% after replacing phosphine 
(a donor of the electron density) for phosphonite (a donor-acceptor ligand) or phosphite (an acceptor 
ligand). The system with bicycle cresol phosphite was the most effective catalyst.  

 

Table 5: Carbon dioxide interaction with propylene oxide catalyzed by rhodium complexes with 
phosphorous-containing ligandsa 

Rhodium 
complex 

P-ligand Propylene oxide 
conversion, % 

Wo,  

mol/l-1∙hr-1 

Products, % mol. 

Propylene 
carbonate 

Propylene 
glycol 

Rh(acac)(CO)2 Triphenyl 
phosphine  

100 0,20 90 10 

[RhCl(CO)]2 Triphenyl 
phosphine 

100 0,33 90 10 

RhCl3 Triphenyl 
phosphine 

100 0,30 82 18 

RhCl3 Oligoaryl 
phosphonite B 

90 0,10 100 0 

RhCl3 Bicycle cresol 
phosphite 

95 0,32 100 0 

RhCl3 - 80 0,28 78 22 
a140oC, P(CO2)= 5 MPa, P(H2)= 5 MPa, DMSO as a solvent, [Rh]= 1,8∙10-3 g-at/l, P/Rh= 12 mol., 15 hrs. 

 

Unfortunately, the systems with phosphorous-containing compounds are rather toxic, but rhodium 
chloride without any ligand is less effective. So, there have been researched rhodium systems with a 
nontoxic ligand - with chitozan. Chitozan is a quaternary ammonium salt, but quaternary ammonium 
compounds are known as extremely effective catalysts in the reactions of organic oxides carboxylation 
to organic carbonates [33, 34]. If comparing chitozan with rhodium compounds (table 5, fig. 4), it may 
be seen that this quaternary ammonium salt is very selective but rhodium catalysts (without any 
additional ligands) are more active in the reaction /5/. Using rhodium compounds together with 
chitozan gives the most active and selective catalysts for synthesis of propylene carbonate from CO2 
and propylene oxide (table 6, fig. 4). It may be noted that rhodium compositions {RhCl3 = chitozan or 
RhCl(PPh3)3 + chitozan} with chitozan have the same high efficiency that the system {RhCl3 + 
phosphite} has, but the former one is nontoxic absolutely. In the presence of {RhCl3+chitozan}, the 
interaction of CO2 with propylene oxide under H2 atmosphere allows to obtain propylene carbonate 
with the yield and the selectivity about 100%. Today it is one of the best results in the field of organic 
carbonate syntheses from CO2 and organic oxides.  

The system of {RhCl3+chitozan} has been established to be able to catalyse another one reaction 
which is the glycerol carbonate synthesis from CO2 and glycerol under H2 atmosphere /6/: 
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Table 6: Carbon dioxide interaction with propylene oxide catalyzed by rhodium complexes and 
chitozana 

Catalyst Propylene oxide 
conversion, % 

Wo,  

mol/l-1∙hr-1 

Products, % mol. 

Propylene 
carbonate 

Propylene 
glycol 

Chitozan 60 0,10 100 0 

RhCl3 80 0,28 78 22 

RhCl(PPh3)3 85 0,20 82 18 

RhCl3 + chitozan 100 0,21 100 0 

RhCl(PPh3)3 + chitozan 100 0,27 100 0 
a140oC, P(CO2)= 5 MPa, P(H2)= 5 MPa, DMSO as a solvent, [Rh]= 1,8∙10-3 g-at/l, 15 hrs. 

 

 
Fig. 4:  CO2 + H2 absorption during carbon dioxide interaction with propylene oxide catalyzed by 

chitozan and RhCl(PPh3)3 

(140oC, 10 MPa, CO2:H2= 1:1 mol., [Rh]= 1∙10-3 g-at/l, 20 hrs, DMSO as a solvent) 

 

But the catalysis of the reaction /6/ with rhodium complexes under H2 atmosphere has the important 
peculiarities. In the distinction from the propylene carbonate synthesis, in the reaction with glycerol 
the system {RhCl3+chitozan} works only in methanol solution. Moreover, it should be promoted with 
methyl iodide. In the presence of this catalytic composition {RhCl3 + chitozan + CH3I + CH3OH}, the 
catalytic carboxylation of glycerol to glycerol carbonate has been realized with TON till 120 (at 
temperature 140-200oC under pressure about 5 MPa in H2 reducing medium). It is the record catalytic 
activity for this reaction [35, 36].  
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THE URGENCY OF SUSTAINABLE WASTE MANAGEMENT IN BAHRAIN 
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Abstract 

The Kingdom of Bahrain represents a unique case of a small island developing state and as this paper 
shows, is making progress in addressing the issues of development programs, but still faces significant 
challenges. Many of these challenges are faced by other small island developing states. The review of 
its problems provides an opportunity to develop common solutions in a fast globalizing world. One of 
the Bahrain's most pressing problems is how to dispose solid waste in an environmentally efficient 
manner.  It is very urgent to implement a sustainable Waste Management System in Bahrain. Waste 
management needs to be considered in the wider context of the Bahraini Executive’s environmental 
strategies as set out in Choosing the Future: Bahrain’s Sustainable Development Strategy, in 
particular, the move towards the sustainable use of resources. This is particularly important in light of 
the assessment of the development impact, and the costs and benefits of action to reduce the 
disadvantages of this impact. 

Key words: sustainability, waste management, Bahrain, development 

 

1. GEOGRAPHIC LOCATION AND CLIMATE 

Bahrain is a Kingdom located in the Arabian Gulf (Figure 1). It is bounded by 25 ° 32 N and 26° 30 N 
latitudes, and 50° 20 E and 50° 50 E longitudes. The country is an archipelago formed of 36 low-lying 
Islands. Bahrain Island, which accounts for nearly 85% of the total area of the Kingdom, is low lying, 
with a maximum elevation of 134 meters. Large areas of the coastal zone have been reclaimed in 
recent years and leading to the total area of the Kingdom increasing from 671 Km2 in 1976 to 711 
Km2 in 2000. 

It has an arid to hyper arid climate. Average amounts of rainfall reach 74 mm/year and annual 
potential evaporation may climb up to 2800 mm. Land fit for cultivation and permanent crop areas do 
not exceed 6,000 ha. Natural vegetation is of limited extent, largely degraded and mainly desert plants 
in nature. 

 
 

Figure 1: Location of Bahrain from Google Earth 
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2. THE ECONOMY OF BAHRAIN 

The Kingdom economy is a market-based. Diversification is the main objective of the economic 
policy. Oil business, which was the backbone of the economy at the early stages of development, 
contributed around 13.1% of the real GDP in 2009. Manufacturing industry 12.4%, trade 13% and 
financial services 24.2% (1). 

The vision of the National Economy for the coming decade involves creating and expanding a 
knowledge-based economy, with six groups of activities being selected to lead the drive. These groups 
are IT-based services, financial activities, business services, healthcare, education and training, and 
tourism business, while developing downstream petroleum industries to speed up the economic 
growth. 

Regarding the fiscal policy, the Ministry of Finance and National Economy vision seeks to balance the 
budget in the medium term while maintaining low levels of external debt. To achieve this objective, 
the Ministry is in the process of diversifying the revenue base through stimulating non -oil revenues 
and increasing the role of private sector in the economy. The Ministry will continue to accord priority 
to protect social welfare and supporting infrastructure projects. 

Real Gross Domestic Product (RGDP) was estimated at $28 billion 2009, with an average growth rate 
of 5.9% for the period 2007 -2009. Latest figure on GDP per capita was reported at US$38,400. 

The Kingdom of Bahrain (as a member of GCC countries), is acting significantly to harmonize and 
integrate its economy with the economies of the GCC countries. As a member of WT O, additional 
significant efforts (enacting new laws, introducing certain economic measures, reducing custom tariffs 
on certain items) have been made to modernize the economy and integrate it in the international 
market. Making a step towards globalization, the Government of Bahrain abolished import duties on a 
number of foods and feed items and reduced duties on consumer goods to 5%. Additionally, no duties 
are imposed on import of raw materials or semi-manufactured goods. 

 

3. WASTE MANAGEMENT IN THE KINGDOM OF BAHRAIN 
The increase of growth rates in the last 4 decades has been accompanied with increase in consumption 
rates. The effect of these changes and developments is the increase of MSW produced. The average of 
MSW produced reached more than 1.7 kg per capita per day.  

The disposal of waste, especially the Municipality Solid Waste (MSW) has become one of the most 
important issues facing Bahrain. The relatively high population growth rate in an average of 2.7% (2) 
and the improvement and change of life style have decisive impact on this problem (i.e. the prospering 
of the Bahraini society results in huge increase of MSW amounts).  The population of Bahrain 
increased from 350,798 in 1981 to 650,604 in 2001 and jumped to 1,046,814 in 2007 (see figure 2 
below).  
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Fig. 2: population growth of Bahrain 1941-2001; (1) 

 

The produced and collected amount of MSW increased to 1,639,852 tons in 2008 exceeding the 
amount of 659,846 tons produced in 2003 (see figure 2) 

 

 
Fig.2: amount of MSW produced 2000-2008, (3) 

 

In the 50s the MSW was collected at points or stations located at different areas, these stations were 
places of rectangular shape and has an area of 12 m2. After the MSW had been collected, wagons 
driven by animals transported the MSW from the collection points to outside of the towns and 
villages. Often the MSW was dumped at the sea shores as land fill to win land (3).At the beginning of 
the 70s with the establishment of the organizations of the municipality's administrations the animals 
driven wagons was abundant and replaced by motor vehicles. And, withal, the MSW dumping areas 
has been shifted from the sea to different areas inside the country, such as Suqia and Buhair southern 
of Isa-Town. Al Buhair area was selected because it was far enough from the residential districts, its 
location is approximately in equal distances to the residential areas, it lies in a basin, and because of 
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the availability of proper soil to cover the MSW.  But after a while problems of the expansion of 
residential areas and odor resulting from digestion process of the MSW in addition to ground water 
pollution and fires of Methane gases have been recognized. These urged the Municipality to close the 
landfill in 1986 and replace the damping area by Askar landfill. 

 

4. ASKAR LANDFILL    

1986 a new place has been selected as MSW landfills, 25 km southern of the capital Manama 
3 km northern of the village Asker (see figure 3). 
 

 
 

Fig.3: locations of Asker Landfills, (3) 

 

These landfills have been used untill today. They consist of massive quarry holes that have 10 m depth 
or more, lengths more than 600 m, and they are more than 100 m wide. 

There are 7 quarries. Currently, quarries no. 3 and no. 4 are in use, which have a volume of 12 million 
m3. These quarries are very massive open pits that have length of 1.5 km and width 1 km (3). These 
sedimentary limestone pits have been excavated by two private companies using blasting. The stones 
have been supplied to the construction industry. The waste is simply spread, graded, compacted and 
covered with soil using heavy earth-moving machinery.  The estimated useful life of Askar landfill is 
about 10 years (3). One of the problems faced by the municipalities is to find a suitable location for a 
second landfill. 
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However, it has been noticed that the land fill attracts migrating birds, such as seagulls coming from 
Sweden. (See photograph, Figure 4) 

 

 
 

Fig.4: Seagull birds in Askar landfill 

 

 
 

Fig.5: tables 2&3, solid waste generation and composition in some Arab countries, (4) 
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The tables in Fig. 5 show that the MSW produced by the population of Bahrain is one of the highest in 
the region and in the world. This development (satisfying the human needs and the intention to create 
affluent society) added additional reason for stimulation of consumption and produce more waste. 

Well above 464 kg/person/year Municipal waste is generated, this considered relatively high for a 
developing country. Municipal waste is increasing annually by 3.4 per cent, whereas industrial solid 
and oily wastes as well as solid healthcare wastes are on an annual rise of 1.2 and five per cent 
respectively. Most of this waste is dumped in landfill sites with healthcare waste being incinerated. 
Implementing an effective waste management should become a priority. Only few portion of the waste 
in Bahrain is recycled, despite table3 in Figure6 shows that most of the produced MSW are recyclable. 

The government of Bahrain has identified the developing a national strategy for sustainable 
development as major challenge. Such a policy must be backed with proper institutional structure and 
supported by comprehensive and integrated legislation. 

A sustainable approach is urgent. 

The current approach of waste management in Bahrain, like everywhere in the world, is based on the 
ideology of Public Health and Environmental Protection. This will focus only on; how to deal with the 
continuous increase of the MSW produced? 

In the following more effective approach is proposed, namely sustainable management of production, 
consumption. As a consequent one has to follow a Sustainable Waste Management. 

 

5. RELATION BETWEEN AFFLUENT SOCIETIES AND PRODUCED MSW 

Marketing professionals use Maslow’s Hierarchy of Needs as a guideline to determine which markets 
to target for certain products as well as how to approach those markets. Maslow’s Hierarchy of Needs 
indicates that as a society becomes more affluent, it is to be expected that people within the society 
will increasingly perceive themselves as having more needs (see Figure 6). In general, the clear 
consequence of Maslow’s Hierarchy of Needs is that more affluent societies tend to have greater 
personal consumption and therefore greater waste management challenges. 

 
Figure 6 Maslow's Hierarchy of Needs 
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Philippe Chalmin and Catherine Gaillochet in the 2009 reported the extent of the relation between 
affluent societies and waste generated by these societies (reported by edition of From Waste to 
Resources: World Waste Survey) (see Figure 7).  The figures of Chalmin & Gaillochet show very 
meaningful dissimilarities in MSW with increasing prosperity in each country. The inference here is 
that as other countries develop, there will be greater waste produced as well as greater consumption of 
natural resources. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7: relation between affluent societies and waste generated (8) 

 

The course of actions intended to satisfy the increasing needs of the population will lead to more 
stimulation of the consumption and produce more waste. This process of growth is like a spiral, which 
winds around at continuously increasing level (see figure 8). 

 

 
Figure 8:  continuous increase waste production with the increase of consumption 
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6. THE WASTE AND THE SUSTAINABLE WASTE MANAGEMENT 

One can say that waste is whatever left behind from any human activity and has no primary or 
secondary use at source, though it might be of present value if in a different site where more suitable 
conditions are provided for ample utilization. 

Wikipedia definition of waste: "Waste (also known as rubbish, trash, refuse, garbage, junk) is 
unwanted or useless materials and the Freedictionary (6) definition:  "Waste; Noun; an unusable or 
unwanted substance or material, such as a waste product." reflect the fact that people are consuming 
energy and expending effort to produce useless substance. More than that, resource has to be allocated 
for removal of the waste. This management and behavior are and not sustainable. 

This interpretation reflects three important conclusions, namely: 

 Waste is generated from activities of people. It is not given in nature as such. In other words, it 
is produced only by human activities such as domestic, industrial, agricultural and others. 

 Certain amount of wastes could be of no further use and has to be disposed of because there is 
no hope or there is negative consequence of reusing them.  

 Some Wastes could be reusable resources, as they might contain elements and parts that can 
be appropriately put in service if the right means are used. 

Following the traditional Waste Management Hierarchy, e.g. European waste hierarchy, the 
European waste hierarchy refers to the five steps included in the article 4 of the Waste Framework 
Directive: 

Prevention - preventing and reducing waste generation. 

Reuse and preparation for reuse - giving the products a second life before they become waste. 

Recycle - any recovery operation by which waste materials are reprocessed into products, materials or 
substances whether for the original or other purposes. It includes composting and it does not include 
incineration. 

Recovery - some waste incineration based on a political non-scientific formula that upgrades the less 
inefficient incinerators. 

Disposal - processes to dispose of waste be it land-filling, incineration, pyrolysis, gasification and 
other finalist solutions. (7)  

This hierarchy is visualized in Fig.9 below. 

 

Figure 9: Waste Management Hierarchy 
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This concept emphasizes that prevention or reduction has the highest priority in this system, but is not 
showing exactly; how? In addition to that it only deals with the results and not providing tools to 
enable going deeper to deal with the roots of the problem. 

On the contrary the sustainable waste management, which can be called sustainable production 
management, SPM, enriches the concept of prevention, makes it more meaningful, and links it to the 
socioeconomic development of the society. 

In other words, the passive attitude of the waste management hierarchy about MSW adds additional 
burden and costs to the management of this issue. It must be replaced by a new attitude considering 
the elements of SPM hierarchy. SPM hierarchy consists of the following: 

1- Active Natural Resources Conservation & Protection;  

2- Making manufacturing process more efficient to reduce redundant use of resources. 
Following the principle of: 

 
3- Improving Product Quality;  quality of product means: 
 (a) Delivering product of composition and construction that it can serve in its intended purpose for a 
long period of time and/or  

(b) Its design enables further functional use for either its intended or an alternative use. The basic 
concept is that product quality should be optimizing the use of resources.  

4- Motivating retailers and manufacturers to give realistic and objective information about the 
products to enable customers for a better judgment. 

5- Support products that can be easily repaired and restored. 

6- Support products consist from recyclable and reusable components and materials. 

Only following sustainable production management can help solving key challenges facing the 
Kingdom of Bahrain. Particularly the following main elements of the development process, which 
have been given priority, can be made feasible: 

1. Health care. 

2. Human resource development. 

3. Management of natural resources and protection of the environment. 

4. Diversification of economy. 

Sustainable development is a development toward better quality of life for the people and for the next 
generation.  
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Abstract 
Sorghum plants [Sorghum bicolor (L.) Moench var. Keller] were grown in green house conditions in 
pots with contaminated and uncontaminated soil (control). Contaminated soil was used without 
mixing or was mixed with uncontaminated soil in two different ratios – 1:1 (v/v, 50 %) and 1:3 (v/v, 25 
%), contaminated: uncontaminated soil. The autochthonous soil microorganisms play an important 
role in plant rhizosphere. In this sense, a mixture of nutrients was developed and added to soil of each 
treatment, and mixed. This incorporation for activation of microorganisms resulted in increased fresh 
weight of plants in the control treatment and in the treatment with 50 % of contamination. In other 
treatments the results were in range of standard error. In all treatments with nutrients (except of 25 % 
contamination) the soil pH was lower, than in those without nutrients. Higher difference was observed 
when the contamination was 50 %. In the treatments with nutrients, decreasing soil contamination, the 
shoot accumulation of Pb increases. The same effect was found in previous studies with maize plants. 
In contrast, cadmium content in shoots had increased together with increment of the contamination. 
We found higher shoot concentration of Cd in the treatment with addition of nutrients without dilution 
of contamination (71.1 μg g-1) that corresponds to 30 % enhancement of the accumulation due to the 
nutrients. In conclusion, the sorghum plant can be suitable to replace traditional crops (vegetables, 
maize, etc.) in regions with contaminated soil, although it posterior use should be appraised very 
carefully.  

Key words: accumulation, cadmium, lead, nutrients, phytoextraction, Sorghum bicolor. 

 

1. INTRODUCTION 
The industrial influence on environment became very important factor in our every day’s life. 
Unfortunately, during the second half of last century many soils had been contaminated with heavy 
metals, mainly as a consequence of industrial activity. The phytoremediation – use of plants to recover 
contaminated sites, is a very promising biotechnology that focuses the attention of the society (Salt et 
al., 1998). One phytoremediation strategy is the phytoextraction, the uptake and accumulation of 
metals into the plant shoots, and consequent harvest and remove of the biomass (Meers et al., (2007). 
Many factors affect the success of this technology and between them are the toxicity of pollutants, soil 
pH and soil microorganisms. The incorporation of organic matter in soil can reduce soil metal mobility 
(Meers et al., 2007), although when is easily biodegradable may decrease pH values, as a secondary 
effect of organic acid production during degradation process. As an important part of soil 
environment, soil microorganisms associated to roots render diverse positive effects on plant growth 
and accumulation of nutrients and trace elements. They could stimulate plant biomass production and 
tolerance to metals that is very important for extraction of higher metal quantities from soil. 
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In present study we examined a promising method using sorghum plants to remove Pb and Cd from 
contaminated soil. The objectives were: 1) to evaluate the effect of incorporation in soil of nutrient 
mixture on the accumulation of both metals and on the biomass production of sorghum plants; 2) to 
test the applicability of dilution of contamination on phytoextraction; 3) to evaluate the potential of 
sorghum for phytoextraction of Pb and Cd contaminated soils. 

The quoted above demonstrates very well the very high priority given by the European society and EU 
legislation and authorities to human health and environmental (in particular AQ) issues. Bulgarian 
thematic priorities do not differ from the EU ones, so the development of tools and platforms for 
multi-scale atmospheric composition modelling for the Balkan region certainly corresponds to both 
Bulgarian and European priorities.  

 

2. MATERIAL AND METHODS 
Sorghum plants (Sorghum bicolor (L.) Moench var. Keller) were grown in naturally contaminated soil 
taken from the contaminated site in vicinity of non-ferrous metal producing works KCM, near to city 
of Plovdiv (South Bulgaria). The seed were previously surface sterilized and sown into the soil. After 
first week of growth, plants were thin out to 5 plants per pot. As uncontaminated control, soil was 
taken by distance of 5 km of the opposite site of the works. Contaminated and uncontaminated soils 
were mixed between them, in order to dilute the contamination, in two different ratios – 1:1 (v/v, 50 
%) and 1:3 (v/v, 25 %). As control treatments, contaminated soil and uncontaminated soil without 
dilution were prepared. The design of the experiment was with four repetitions per treatment. The 
study was carried out in growth chamber with humidity of 60 %, 22 oC during the day and 18 

oC during 
the night. The photo period was 16 h light and photon flux density of 300 μmol m-2 s-1. It is known, that 
the autochthonous soil microorganisms play an important role in plant rhizosphere. In this sense, we 
developed a mixture of nutrient supplements that was added to the soil of each treatment, and mixed 
before filling the pots. The mixture contained secondary end-products, maize extract and starch, in 
concentration of 5 g l-1. After 6 weeks, the plants were cut and the fresh and dry weights were 
measured. Dried samples of the shoots we acid digested following the method described by 
Karstensen and collaborators (1998) and Lozano-Rodriguez and collaborators (1995), while Pb and Cd 
content in shoots and roots was measured by Atomic Absorption Spectrometry.  

The physical and chemical properties of both soils were evaluated in the Central scientific laboratory 
of Agricultural University of Plovdiv. The results are presented in Table 1. 

 

Table 1. Physical and chemical properties of the soils. The results present the mean of three replicates. 

 

When the experiment was finished, rhizosphere soil was taken, air dried and portion of it was mixed in 
Erlenmeyer flask with distilled water 1:2.5 (w/v) and shaken during 30 min at 200 rpm. After 
filtration, pH and electrical conductivity (EC) were measured. It was evaluated using a calibrated 
digital pH-meter PRACTI TRONIC, type MV 870 with an accuracy of 0.01 between pH 2-12, and 

   Parameters 
Clay 

(%) 

Humus 

(%) 

CaCO3 

(%) 

pH 

(H2O) 

Min. N  

(mg kg-1) 

P2O5  

 (mg kg-1) 

K2O  

   (mg kg-1) 

Pb  

(mg kg-1) 

Cd  

(mg kg-1) 

   Contaminated 28.1 1.48 8.1 7.45 18 132 560 1020 25.7 

   
Uncontaminated 28 1.8 7.6 7.3 21 160 720 23 0.3 
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calibrated digital conductivity meter Consort, Belgium type C831, with accuracy of 1 μS within the 
used scale.  

 

3. RESULTS AND DISCUSSION 

Traditionally, people cultivated different technical and vegetable crops in contaminated region 
although soil concentrations of heavy metals exceed in folds maximum permissible concentration 
(MPC) according the Bulgarian legislation (Pb, 80 mg kg-1; Cd, 2.5 mg kg-1, at pH=7.5 in upper soil 
layer, Table 1). On the other hand, the soil taken from a distance of 5 km of KCM in north direction 
presented contamination below the MPC. Because the agriculture was almost the unique source of 
livelihood, people had been continuously cultivating crops like wheat, sunflower, maize, vegetables, 
for their own consume or for sell. In this way, heavy metals were accumulated in edible parts of plants 
to toxic levels, including vegetables (Shilev and Babrikov, 2005) and finally reached the last element 
of the food chain, the human. 

The hypothesis of incorporation of nutrients was that they activate soil microorganisms supplying 
them with different sources of nitrogen and carbon. As result of increased microbial activity and 
degradation of organic compounds, organic acids are released decreasing soil pH and increasing soil 
conductivity. These are the main reasons for increased heavy metal availability in soils with high 
microbial activity. In our study, in the end of the experiment, we observed that soil pH was decreased 
in almost all treatments with incorporation of nutrients (Fig. 1). Lowest pH was found in the treatment 
with 100 % contaminated soil and nutrients, while the highest was in the uncontaminated control 
without nutrients. In almost all cases the addition of nutrients resulted in decreased of soil pH, related 
to the microbial activation and metabolism. Expectedly, in most of the treatments, the results for EC 
were opposite to those for pH (Fig. 1). Higher amounts were found in the treatments with 
contaminated soil and nutrients, and especially in treatment with 25 % contamination.  

 

 
Fig. 1. Sol pH and EC in the end of the experiment. The results represents the mean and S.E. of the 
mean (n=4). 
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The increased soil metal mobility expressed in higher EC values reflected on the accumulated values 
of Pb and Cd and respectively on the dry shoot biomass of sorghum plants (Fig. 2). The biomass in the 
end of experiment showed variations that correlated with accumulated concentration of both studied 
metals. In this sense, lower shoot biomass formation was observed in treatments with 100 % 
contaminated soil and 50 % without nutrients. When nutrients were applied in treatment with 50 % 
dilution, the value of the mean of dry biomass increased in up to 60 %. In this way, the sorghum plants 
incremented in biomass with more than 90 %, when were grown in uncontaminated soil mixed with 
nutrients. Small reduction was found in case of 25 % contamination with nutrients compared to the 
treatment without them. This is explained with the higher concentrations of Cd and especially of Pb 
accumulated in the shoot biomass of plants in those treatments (Fig. 2) as a consequence of enhanced 
EC values. It is known that toxic metals accumulation in plants conducts to decreased rate of growth 
(Wu et al., 2006). The accumulation of Pb in these plants was strongly increased comparing to the 
treatments without nutrients with more than 5 folds, while the Cd was incremented only with 20 %. Pb 
accumulation in this case was highest in the experiment, even more than the accumulation in the plants 
grown in contaminated control (without dilution). This phenomenon was previously found in maize 
plants (Shilev and Naydenov, 2004) and may be is due to the toxicity of Pb to plants and soil 
microorganisms. On the other hand, Cd accumulation in shoots was dependent on the soil 
contamination, decreasing the contamination the accumulated values also decreased. When nutrients 
were applied, the plants incremented their shoot Cd content in all cases with 25 or 30 %. The nutrients 
in treatment with 50 % contaminated soil supported not only the increment of accumulation but also 
enhanced biomass production in respect to the treatment without nutrients.  

Metal content in roots was found to be directly dependent on the soil contamination (Fig. 3). 
Enhancing the dilution factor, soil accumulation also decreased. In case of Cd, the effect of nutrients 
had been seen in treatments with higher contamination (50 and 100 %), while for Pb, no such effect 
was observed. On the other hand, accumulation in treatment with 100 % contamination without 
nutrients, which is closer to the every day’s field conditions, was found to be very high and to present 
a real danger for animals, if is used for food.  

Generally, the non-hyperaccumulating plants obtain low shoot metal content compared to the root one 
(Baker et al., 2002). This correlation is known as translocation factor (TF, accumulation in shoots to 
the accumulation in roots) and for the hyperaccumulators is higher than 1. In our case the TF for Pb 
was low except in the treatment with 25 % contamination with nutrients, where it was 0.56. In case of 
Cd, the TF was higher, between 0.45 and 0.48 in all the treatments with contaminated soils, while in 
the treatment with 25 % contamination and nutrients it was 0.68. Thus, in this case, the combined 
effect of dilution of contamination together with nutrient supply in soil, conducted to significantly 
enhancement of TF of the sorghum plants for both metals, Pb and Cd. 

The international concern about the risks in long-term-consumption of Cd and Pb in food had led to 
development of food standards in many countries, as by Food Standards Australia New Zealand 
(FSANZ) (www.foodstandards.gov.au) and propose a 0.1 mg Cd kg-1 and 0.2 mg Pb kg-1 limit for 
cereals, pulses and legumes, peanuts, wheat and rice. This is very important step in prevention of 
consumption of contaminated food stuff and accumulation of toxic elements in the food chain. In this 
sense, growing food plants, even plants for animal consumption, on contaminated soils is considerable 
danger for animals and humans. Thus, higher concentrations that we found in sorghum could become 
dangerous. 
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Fig. 2. Accumulation of Pb and Cd in shoots and dry shoot biomass of sorghum plants, grown in 
different treatments during 6 weeks. The results represents the mean and S.E. of the mean (n=4). 

 

 
Fig. 3. Accumulation of Pb and Cd in roots of sorghum plants, grown in different treatments during 6 
weeks. The results represents the mean and S.E. of the mean (n=4). 
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4. CONCLUSIONS 

The incorporation of nutrients in contaminated soil and the dilutions had diverse effects on 
accumulation of Pb and Cd in the sorghum plants. The nutrients led to microbial activation in soil and 
pH reduction. Although, in our case, the final values were in neutral range, EC was increased.  It was 
highest in case of 25 % contaminated soil with nutrients and explains the increased accumulation of Pb 
and Cd in this treatment, as consequence of decreased toxicity to microorganisms and plants. The 
organic amendments had a positive effect on biomass production that was highly pronounced in 
uncontaminated control and in treatment with 50 % dilution. The combined effect of dilution of 
contamination and nutrient amendments in soil, conducted to enhancement of TF of sorghum plants 
for Pb and Cd. Sorghum bicolor (L.) Moench var. Keller is a plant tolerant to Pb and Cd that produces 
high biomass and can be used successfully in phytoextraction practices.   
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Abstract 

The municipal enterprise “Grinda” exploits rain water runoff system of Vilnius city. The author of the 
article heads the Laboratory of Environmental Treatment. The article describes some problems that 
occur in the green zones of the city.  Verkiai regional park in the north-east side of the town  is 
surrounded by newly developed residential quarters. Rain washes the waists to the small-debit brook 
Cedronas which runs in the forest. And Verkiai park is of great historic and sacral importance – it has 
a Crucifix road that resembles the similar object in Jerusalem. The piligrims wash themselves in the 
Cedronas river and take the “sacred water” home for their ill family members.  So it is necessary for 
Vilnius city to renovate an old rain water runoff system of this district.  The article presents the results 
of chemical tests of the rainfall and Cedronas river water. 

Another actual ecologic problem has occurred in the western part of the city.  A new highway 
is being built there and the rain water runoff will be directed to a small Sudervele river.  
Meanwhile the water treatment equipment already fails to cope with the amount of waists. 
The article presents the results of the hydrochemical research.        
Key words: rainfall pollution, rain water runoff system, urban teritories, debit,  allowed level, 
suspended  solids (SS), total petroleum hydrocarbons (TPH),chemical oxygen demand (COD), 
biochemical oxygen demand (BOD).  

 

1. INTRODUCTION 

Vision for 2010-2020 strategic Vilnius city development plan - coherence in development, that means 
better life quality for present and for the future. Goals of economical, social development and 
environment protection are tuned and enriching each other. Relation between city and environment is 
especially important. Vilnius is a capital of Lithuania. City is located at confluence of rivers Neris and 
Vilnia. Historical reasons determined, that city expands horizontally, not upright. Green zones were 
surrounded by newly build urban districts. Major Vilnius problem - development of communications 
cannot keep up with expansion of the city. This is especially noticeable in runoff water cleaning 
section. Rain washes down toxics from unclean streets into rivers. Urban pollution is particularly 
harmful to small debit brooks. This article is dedicated to review problematics of two such brooks, 
Cedronas and Sudervele. 

Purpose of this article is to find out what is the impact of storm water runoff on the small – debit 
brooks, which run in the parks of Vilnius. 

 

2. THE PROBLEM OF CEDRONAS POLLUTION 
The small brook Cedronas flows in the Neris at north-east part of Vilnius. It flows through "Verkių" 
Regional Park for 7 km, where in 17th century Dominican monks established Kalvarijų path of cross. 
16 stone chapels hide in cover of trees, where pilgrims crosses the brook and takes some water from 
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the "holy" Cedronas creek to bring it to patients back home. To bad, that 17th century analog for 
Jerusalem was established in far outskirts of Vilnius, Verkių forest. Over few centuries city grew and 
surrounded Verkiai. 

Rain runoff water from new surrounding districts is being canalized to Cedronas brook. Due to budget 
cuts, Vilnius city municipality does not take out the snow from the city. So, when spring melt-waters 
wash streets of oils and other toxins, all of it goes to the brooks. This way toxins from Baltupiai 
district comes to Cedronas brook, through rain depositors No. 4-5, and strongly pollutes small-debit 
brook. Big increases of pollution are being detected during heavy rains (especially in autumn).  

The Laboratory of Environmental Treatment of Vilnius Municipal Private Limited Company "Grinda" 
is executing research of Cedronas brook and its pollution. Results of laboratorial researches are shown 
in figure 1, where quality of brooks water and runoff water is rated by 5 indexes: pH of environment, 

 

    
 

Fig. 1. Map of path of cross at Verkiai.  Fig. 2. Pilgrims at Cedronas. 

 

Table 1. Results of research on Cedronas water and rain runoffs that flow into it. 

Rain 
depositor 

Sampling 
data 

Indexes 

SS CODCr BOD7 TPH 

mg L-1 

Permissable limit 30  25 5 

1-2 04/09/2008 112 328 22 5,8 

 2009 avg. 23 187 11 2,6 

 07/01/2010 5,8 143 8 1,8 

 24/03/2010 47 419 47 4,7 

 05/10/2010 13 254 18 6,1 
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 2010 avg. 27 218 13 3,9 

3 04/09/2008 49 246 18 4,7 

 2009 avg. 21 153 10 3,1 

 07/01/2010 12 137 8 0,9 

 24/03/2010 39 414 26 5,3 

 05/10/2010 18 283 19 4,7 

 2010 avg. 29 251 18 3,6 

4-5 04/09/2008 83 836 79 11 

 2009 avg. 47 519 48 6,3 

 07/01/2010 21 294 19 1,7 

 24/03/2010 96 928 63 13 

 05/10/2010 73 614 39 7,6 

 2010 avg. 69 768 56 7,8 

Cedronas 04/09/2008 77 814 57 6,9 

 2009 avg. 51 582 36 5,4 

 07/01/2010 14 210 14 1,3 

 24/03/2010 87 914 66 8,9 

 05/10/2010 34 824 57 3,8 

 2010 avg. 62 729 43 6,1 

 

concentration of suspended solids (SS), chemical and biochemical oxygen demand (CODCr, BOD7), 
concentration of mineral oil. River water and runoff is being analyzed by regulations, which were 
recommended by Republic of Lithuania Environmental Protection Agency. Analysis was conducted 
under international standard approved methodic. Research results show, that water which flow into 
Cedronas from first three depositors comes clean. That is because runoff comes from Verkių 3rd 
drinking water lifting station. This territory is restricted, it has strict sanitation requirements and there 
cannot be any pollution hotbed. Pollution of those runoffs reflects natural season runoff water 
pollution fluctuations. Meanwhile, depositors No. 4-5 brings runoff water from Santariškes hospital 
campus and Baltupiai industrial city district, making these runoffs polluted. During spring meltdown 
and autumn heavy rains water quality at Cedronas river influx decreases drastically. As figure 3 
shows, during expansion of the city and connection of new „sleeping“ districts as Santariškes, 
Visoriai, Bajorai to rain water runoff system, caused the  results of annual amount of toxins entering 
Cedronas to increase.  
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Fig. 3. Annual amount of toxics that are brought to the Cedronas. 

 

In 2009 there was written about negative influence of rain runoff on the small-debit brooks10. Over 
few past years situations only got worse.  

 

3. NECESSITY OF RENOVATION OF KAROLINIŠKES RAIN RUNOFF WATER 
CLEANING FACILITY. 

In connection with air pollution and traffic jams, transit transport is being redirected to city bypasses.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Karoliniškes CF project scheme. Fig. 5. Districs of Vilnius that brings runoffs to 
Sudervele brook. 
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This kind of bypass is designed and being built in Vilnius. West part of highway is being laid down 
near Karoliniškes forest zone, where the small Sudervele brook is located. On its right bank stands the 
rain runoff water cleaning facility. It is old facility, designed in 1973, and launched in 1978. It fulfilled 
requirements at the time. 

Cleaning facility is made of two 640 m3 volume pools-sumps (fig. 4). Mechanical fence traps 
membrane of fat which emerged on the surface of runoffs during precipitation, then this membrane 
together with sludge is periodically taken away for utilization. A designed capability of this facility is 
146.5 thousand m3 annually, for long time is not enough for expanding city demands. At this time, 
runoff water from Justiniskes, Viršuliskes, Old Pilaite and part Karoliniškes that is located on the left 
side of Laisves avenue is canalized to the Karoliniškes cleaning facility (fig. 5). 

Fig. 6.  Annual amount of rainfall in Vilnius 

 

As figure 6 shows, for last few years amount of rainfall is increasing. Annual debit of runoffs that 
comes to cleaning facility twice exceeds designed limit (fig. 7), accordingly pollution of water that 
flow into the small Sudervele brook averagely twice exceeds permitted norm (fig. 8). After completing 
construction of western bypass, amount of toxins that are being brought to the Karoliniškes cleaning  

Fig. 7. Annual debit of runoff that comes to Karoliniškes cleaning facility. 

400

500

600

700

800

900

1000

2000 2002 2004 2006 2008 2010

mm

0

50

100

150

200

250

300

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

thousand
m3



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
149 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

Fig. 8. Toxic concentration of runoff that comes to Karoliniškes cleaning facility. 

 

facility will increase. Accordingly, the decrease of effectiveness of cleaning by 70 – 15% that is 
detected at the time, is going to complicate present situation. 

 
 

Fig. 9. Monitoring of effectiveness (%) of rain runoff cleaning facility at Sudervele right bank. 

 

It is essential that oil filter must be installed inside to Karoliniškes rain runoff water cleaning facility, 
because oil carbohydrate pollution of incoming flow last year four times exceeded designed limit, 
meanwhile cleaning effectiveness reached only 15%. Two present precipitation pools are too small. 
Sediment concentration which exceeds limit five times (2010 data), can only be decreased by 
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prolonging term of water containment inside pool-sump. This way, technological scheme of 
Karoliniškes cleaning facility must be changed entirely. 

  

4. TIME TO CHANGE NATIONAL ATTITUDE TOWARDS RAIN RUNOFF WATER 
MANAGEMENT IN LITHUANIA. 
Not only capital city is in such bad situation with runoff water systems. In smaller cities this problem 
is also relevant, requiring a lot of attention and financing. Just in Vilnius, biggest city of Lithuania, it 
is so painfully felt. So, it is time to change national attitude towards surface (rain) runoffs management 
and make it priority. Then, with help of prompt city communications renovations we could hope for 
financing from Europe’s structural funds, because to this day full renovation of Vilnius city rainfall 
treatment system would cost over 0.5 milliard euro. 

 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. 10. Demand of financing for reconstruction of rain runoff management facilities for years 

 2010 – 2016 

 

There is another way to collect money for renovations, but it is too late and during this economical 
recession would be negatively taken by Lithuanian citizens. That is full taxation of runoff water 
management. At the time, in our country only companies and juridical persons pay for collection and 
cleaning of runoffs. Citizens pay for garbage management, domestic runoff management expenses are 
incorporated into price of drinking water, meanwhile for use of rain runoff water canalization system 
citizens does not pay.  New taxes would cause negative citizens reaction, despite the fact that for a 
resident of an apartment building it would cost few tens of cents. Ending word is supposed to be 
optimistic. Too bad it is not. At the time, there is possibility of great ecological harm for brooks 
located at Vilnius park zones. General conservation law applies to our relation with nature: everything 
that we irresponsibly throw away, nature bringing sit back in unbelievable shapes. We can comfort our 
self, that rain washes all tracks, but where does it wash it to? What kind of rivers and brooks we’ll 
leave to our children? 
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CONCLUSIONS 

In cause to save Cedronas brook which has sacral meaning and flows through Verkių Park from 
pollution, immediate renovations of Baltupių, Santariskių and Verkių districts runoff systems must be 
done. 

In cause to save brook Sudervele, which flows through Karoliniskes forest which is beloved amongst  
city residents, from urban pollution, immediate renovations of surface runoff water cleaning facility at 
right brooks bank must be done. It is essential to change technological circumstances. 

Money for reconstruction of Karoliniškes cleaning facility must be incorporated to the finances of 
Vilnius western bypass. 

It is essential to change Lithuania’s national attitude towards rainfall runoff water management, and 
solving financing problem one way or another. 
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Abstract 
The use of microorganisms for soil remediation, i.e. bioaugmentation, is one of the most important 
technological approaches. It involves also the steps of biomass preparation and storage. In this study 
the bacteria consortium AM-5 immobilized on the ceramic beads, was tested with the aim to evaluate 
its activity after immobilization, dehydration, 30 days storage at ambient temperature, and after 30 
days incubation in contaminated soil in the pilot scale experiment. As evaluation criteria, microbial 
enzymatic activity (fluoresceine diacetate hydrolysis and dehydrogenase), the most probable number, 
as well as a community level physiological profiles of soil microorganisms was compared by 
EcoPlates. The results showed that immobilized cells retained their viability during 30 days storage. 
Moreover, 30 days incubation of immobilized bacteria in contaminated soil resulted in an increase of 
microbial enzymatic activity onto the surface of ceramic beads. 

Key words: bacteria immobilization; biodegradation; enzymatic activity; microbial community; 
diversity index.   

Abbreviations: CFU – Colony Forming Units; CLPP - Community-Level Physiological Profiles; 
DHA – Dehydrogenase Activity; FDA – Fluoresceine Diacetate; MPN – Most Probable Number; NA - 
Nitroaromatics 

 

1. INTRODUCTION 
Immobilization of microorganisms on inert supports shows an increasing interest since this strategy 
allows to obtain much more profit from the process. Industrial use of immobilized cells is still limited 
however further application will depend on the development of immobilization procedures that can be 
readily scaled-up. Alterations in cell growth, physiology and metabolic activity may be induced by cell 
immobilization, of both yeast and bacteria species. It has been generally observed that it is difficult to 
predict the type and magnitude of metabolic changes possible through immobilization (Bertin et al., 
2010; Kourkoutas et al., 2004; Jezequel and Lebeau, 2008; Sheldon and Small, 2005).  

The main advantages to use the immobilized cells in comparison with suspended ones include the 
retention of higher concentrations of microorganisms, protection of cells against toxic substances and 
prevention of suspended bacterial biomass in the effluent (Ozaki et al., 1991). Moreover, 
immobilization of microbial cells provides, in general, high degradation efficiency and good 
operational stability (Koch et al., 1991; Loh et al., 2000). The interaction of cells with the ceramic 
support resulted in a remarkable increment of the metabolic rate of the resulting adsorbed cells, as 
reflected by the observed enhancement of their respiratory rate and lower lag periods (Heitkamp et al., 
1990; Kapoor et al., 1998; Kourkoutas et al., 2004; Nortonan d D’Amore, 1994).  
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Inert carriers for immobilization of microorganisms are used for wastewater treatment, air 
biofiltration, and soil remediation technologies. The use of adsorbents - like polyurethane foams and 
activated carbon, for instance - as a cell immobilization support is usually limited because these 
materials can also adsorb organic pollutants, as reported by (Abu- Salah et al., 1996). A new filter 
material for biological wastewater treatment was developed by employing dewatered sludge, clay, and 
fly ash to produce sludge-fly ash ceramic particles (SFCP) at high temperature (above 1100 C) with a 
mass ratio of 1:1:1 (Han et al., 2009). The bacteria isolated from the wastewater, was immobilized 
onto a ceramic carrier by a vacuum method (Kariminiaae-Hamedaani et al., 2003). A fabricated 
porous ceramic bed was studied for the development of a 1m long sewer pipe that removes dissolved 
organic carbon (DOC) and nitrogen. Blocks of the ceramic bed were installed along the channel bed 
for the immobilization of microorganisms. During the 8-week acclimation period, a 2.5–5 mm thick 
biofilm was formed on the ceramic sheet. The biofilm consisted of four layers: the bulk water phase, 
the heterogeneous nondense layer, the dense layer and the porous bed (Marjaka et al., 2003). 

In the design of a membrane bioreactor, the membrane morphology is a very important aspect, as the 
membrane should be developed or chosen to provide maximum surface area and an ideal environment 
for biofilm development. Ceramic membranes were shown to be more rigid for spore immobilisation, 
biofilm development and extracellular enzyme production from Phanerochaete chrysosporium, as 
compared to polysulphone (Sheldon and Small, 2005). Also gravel particles were used to make 
biofilm rich in hydrocarbon-degrading bacteria and showed an attenuation effect on crude oil in sea 
water samples (Al-Awadhi et al., 2003). Other porous materials have been also studied in 
immobilizing cells such as granular clay (Omar et al., 1990), nylon (Heitkamp and Stewart, 1996) and 
glass beads (Bonin et al., 2001; Liang et al., 2009). Manganese peroxidase (MnP) produced by 
Anthracophyllum discolor, a Chilean white rot fungus, was immobilized on nanoclay obtained from 
volcanic soil. Compared to free MnP from A. discolor, the enzyme immobilized on nanoclay enhanced 
the enzymatic transformation of anthracene in soil. As compared to the free enzyme, immobilized 
MnP shows an increased stability to high temperature, pH and time storage, as well as an enhanced 
PAHs degradation efficiency in soil (Acevedo et al., 2010). 

One of the main approaches in soil remediation technologies is the addition of microorganisms into 
soil, i.e. bioaugmentation. An efficiency of this technology depends on maintenance of microbial 
activity during some period of time, as well as convenience of storage. Sometimes, for soil treatment, 
microbial biomass is used as cultural liquid, without concentrating and drying procedures. Other 
technologies suggest liophylized biomass, however this method is rather expensive. As alternative 
solution, microorganisms are immobilized or encapsulated, using inorganic or organic carriers. In this 
study, ceramic beads were used as a carrier for bacteria immobilization.  

The aim of this study was to test bacteria viability in contaminated soil during 30 days pilot scale 
experiment. Bacteria consortium, previously immobilized onto ceramic beads, and liquid inoculum 
were tested as a bioaugmentation approach. Three types of organic contamination were compared, i.e. 
nitroaromatics, hydrocarbons, and gammahexachlorocyclohexane (lindane).  

 

2. MATERIALS AND METHODS 

Bacterial consortium AM-5 was previously isolated from soils contaminated with explosives at 
military camp, and consisted of Pseudomonas fluorescens, as well as four strains belonging to 
Stenotrophomonas maltophilia. Identification of bacteria by the 16S sequence analysis was 
performed at the BCCM/LMG Bacteria Collection in Ghent, Belgium. Consortium was 
cultivated during 48h, at 28 C, with agitation 140 rpm. Medium composition was as follows, g/l: 
Na2HPO4 – 6.0; KH2PO4 – 3.0; NaCl – 0.5; molasses – 5; yeast extract – 2. Cell concentration 
was expressed as colony forming units (CFU) per ml and determined by making serial decimal 
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dilutions and plating on TGA (Tryptone Glucose Yeast Extract Agar, Sifin, Germany). CFU 
were counted after 72h plate incubation at 28 °C.  

Eight containers with 12 kg soil each were prepared according to the scheme of the pilot scale 
experiment (Table 1). Containers were placed under the tent. During 30 days experiment, air 
temperature was monitored, soil moisture was maintained in the range of 50-70%. Sandy soil 
contaminated with NA was sampled at Adazi military camp. Soil was dried up to 95 %, 
preliminary determination of NA concentration was made. Soil was sieved through 2mm, mixed 
with non-contaminated sand to obtain the necessary concentration of NA. Cabbage leaf extract 
was prepared according to (Muter et al., 2008). For set No.7, diesel was added to sandy soil in 
concentration 1 % (w/v). Set No.8 contained 760g of sandy soil contaminated with lindane (13mg 
lindane/kg). 

 
Table 1. The scheme of the 30 days pilot scale experiment 

Set Soil Inoculum Ceramic beads 

1. Contaminated, NA No Beads “A” with immobilized AM-5, 200ml 

2. Contaminated, NA No Beads “B” with immobilized AM-5, 200ml 

3. Contaminated, NA No Beads without microorganisms, 200ml 

4. Contaminated, NA Liquid, 100ml No 

5. Contaminated, NA No No 

6. Pure sand Liquid, 100ml No 

7. Contaminated, Diesel Liquid, 100ml No 

8. Contaminated, Lindane Liquid, 100ml No 

 

Composition of nutrient amendments added to one container was as follows: 250 ml of 30% 
molasses (w/v, 6,33 % C; 0,27 % N; reducing sugars - 126,3g/100ml), 150 ml cabbage leaf extract 
(1,2 % C; 0,43 % N; reducing sugars - 32,9 g/100ml), 2,5 g mineral fertilizer (N total – 16%; N-
NH4

+ - 10%; N-NH2 – 6%; P2O5 – 16%; K2O -16%; S -6%). 

For immobilization experiments, commercially available ceramic beads (average  12mm) were 
used. Before immobilization, ceramic beads were rinsed with distilled water, and heated at 120 
°C for 5h. Two variants of immobilization procedure were performed. Beads „A”. Ceramic 
beads were soaked in 48h old culture liquid with cell concentration 8.4 x 108 cfu/ml, - during 72h 
(Set No.1, Table 1). Beads „B”. Ceramic beads were incubated in a growing bacteria culture 
(initial concentration 1.1 x 106 cfu/ml), for 72h at 28 °C with periodic agitation (Set No.2, Table 
1). After immobilization process, ceramic beads were dehydrated at 28 °C for 48h.  

For fluoresceine diacetate (FDA) hydrolysis assay, one ceramic bead (or one g soil) was placed in 
a tube with 5ml 0.06M phosphate buffer pH 7.6, containing 0.4mg FDA in 0.2ml acetone. FDA 
hydrolysis activity was determined after 60 min incubation at 37 C, in fourplicate. After 
incubation, an aliquote of acetone was added, liquid phase was centrifuged at 4000 rpm and OD 
was read at 490nm (Chen et al., 1988). Dehydrogenase activity was determined according to 
(Camiña et al., 1998) by reduction of 2-p-iodo-3-nitrophenyl-5-phenyltetrazolium chloride to 
iodonitrophenylformazan. The mixture dimethylformamide–ethanol was used as extractant. 
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Concentration of nitroaromatic compounds was measured colorimetrically in fourplicate, 
according to EPA Method 8515. Calibration standards were obtained from SUPELCO (TNT) and 
Dr.Ehrenstorfer Reference Materials (Nitroaromatics/ Explosive Mix 1).  

EcoPlates (Biolog, Hayward, CA) were used to determine Community-Level Physiological 
Profiles (CLPP). Freshly sampled soil was suspended with 0.85% NaCl. The resulting 
suspension was shaken vigorously in a reciprocal shaker for 30min and the soil allowed to settle 
before sampling the supernatant liquid. Well inoculation volume was 150 μL. After inoculation, 
plates were incubated at 28°C for 5 d. Optical density (OD) was measured at 590 nm with a 
Microplate Reader, Model ASYS Expert Plus (Biochrom Ltd., UK). CLPP was measured by 
using Shannon Weaver Index (Stefanowicz, 2006; Limane et al., 2009; Zak et al., 1994). 

 

3. RESULTS AND DISCUSSION 
3.1. The changes of enzymatic activity of microorganisms immobilized on ceramic beads after storage 
and incubation in soil  

Our previous results showed, that immobilization of bacteria consortium AM-5 onto ceramic 
beads is dependent on the period of incubation. Integrity of immobilized cells onto bead surface 
was maintained also after rinsing (Nikolajeva et al., 2010). An efficiency of bacteria 
immobilisation onto ceramic beads was tested by measurement of microbial enzymatic activity. 
Hydrolysis of FDA has been suggested as an appropriate method in integrated bioecosystem 
studies because the ubiquitous lipase, protease, and esterase enzymes are involved in the 
hydrolysis of FDA (Green et al., 2006). Dependence of FDA hydrolysis activity on cell 
concentration of the consortium AM-5 in liquid broth was found to be linear (Fig.1). 
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Fig. 2. FDA hydrolysis activity of microorganisms 
immobilized on beads after 30 days storage and 
incubation in soil. A - after immobilization procedure, 
without storage; B - after 30 days storage at ambient 
temperature in dry state; C - after 30 days incubation 
in soil (variant No.2, Table 1). 

Fig. 1. Dependence of FDA hydrolysis 
activity on the concentration of AM-5 
cells.  
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In this study, activity of bacteria immobilized onto ceramic beads, was evaluated during storage 
and incubation in soil. For this purpose, three samples of beads were compared, i.e. FDA 
hydrolysis activity of immobilized microorganisms (i) after immobilization procedure, without 
storage; (ii) after 30 days storage at ambient temperature in dry state; (iii) after 30 days 
incubation in soil. After storage, FDA hydrolysis activity was slightly decreased, i.e. from 4,16 
M/bead h to 2,83 M/bead h. In turn, beads incubation in soil increased the enzymatic activity 
up to 7,13 M/bead h (Fig.2). It is important to note that this increase of enzymatic activity can 
be a result of AM-5 cells initially immobilized onto bead surface, as well as soil microorganisms, 
which attached to bead surface during the period of experiment. This effect will be described in 
Sections 3.2 and 3.4. more detailed. 

3.2. Appearance and activity of microorganisms in soil after 30 days experiment in dependence on the 
inoculation method and contamination type 

Determination of the “total count” of microorganisms in 8 variants of soil samples after 30 days 
experiment, showed some distinct differences in dependence on the inoculation method and 
contamination type. Three main effects were detected, i.e. (i) the MPN in soil contaminated with 
nitroaromatic compounds, - was lower, as compared to pure sand and sand with diesel and 
lindane; (ii) an abundance of fungi in soil contaminated with nitroaromatic compounds, was 
revealed; iii) addition of 1% diesel and 0,8 mg lindane/kg to soil did not inhibit the bacteria 
growth during 30 days experiment (Fig.3). 

 

 

  
 

 

 

 

Dehydrogenase activity can be considered as a good measure of microbial oxidative activity in 
soils. It is usually determined by measuring the amount of an artificial electron acceptor reduced 
by microbial activity (Camiña et al., 1998). Recent studies described by (Xu and Lu, 2010), also 
used dehydrogenase, FDA hydrolysis activity, as well as the total count, are the main criteria for 
evaluation of adsorption capacity of microorganisms onto carrier (peanut hull powder) in the 
presence of crude oil. 
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Variants are described in Table 1. 

Fig. 4. Enzymatic activity of micro- 
organisms in soil after 30 days experiment. 
Variants are described in Table 1. 
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To compare enzymatic activity of soil microorganisms after experiment, FDA hydrolysis and 
dehydrogenase (DHA) activity was measured. As shown in Figure 4, enzymatic activity in soil 
was dependent on the inoculation method and contamination type. It attributed to both tested 
groups of enzymes. For the variants with soil containing NA (Sets No.1-5), the highest FDA 
hydrolysis activity was found for the variant with beads “B” (immobilization of AM-5 
consortium onto beads was performed during culture growth). Among variants without NA, the 
highest FDA hydrolysis activity was detected in the variant with diesel (Set. No.7). The highest 
dehydrogenase activity was also found in the variants with diesel, as well as without 
contamination (Fig.4).  

Activation of soil microorganisms by diesel was shown also in our previous studies. Thus, the 
presence of diesel stimulated microbial respiration in concentration dependent manner (Dubova 
et al., 2008). 
3.3. Physicochemical characteristics of soil after 30 days experiment. 

The pH value and redox potential play an important role in soil remediation process. On the one hand, 
initial levels of these parameters can significantly influence the microbial activity and biodegradation 
process. In turn, activity of soil microorganisms usually changes the pH value and redox potential of 
environment due to metabolic processes and, therefore, the products of microbial metabolism, which 
are concentrated in soil. 

In this experiment, the pH level did not varied among the tested variants. The most noticeable changes 
in redox potential were detected for the set No.4, where AM-5 was inoculated in liquid state to soil 
contaminated with NA (Fig.5).  

 

  
 

 

 

 

Soil samples taken from the variants with NA, were tested also for the presence of nitroaromatic 
compounds. As shown in Figure 6, no significant differences were found between variants. As shown 
in Figure 3, in the variants with nitroaromatic coumpounds (sets No.1-5), bacteria consortium AM-5 
competed with fungi, which also actively grew upon 30 days experiment. Nutrient amendments added 
to soil at the beginning of the experiment, as well as maintenance of moisture level in soil, provided 
favourable conditions for fungi. Fungi are known to be one of the most potential degraders (Faull et 
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al., 2003). Obviously, fungi, which are originated from soil, sampled at contaminated site of the 
military camp, could be additional tool for further experiments on bioremediation of soils 
contaminated with explosives. 

3.4. Microbial community analysis with EcoPlate 

The results obtained in this study indicated to the highest diversity index of metabolized carbon 
substrates in the variant with soil contaminated with NA, which was not inoculated by bacteria 
consortium AM-5 (Fig.7, set.No.5). Therefore, the value of diversity index found for the set No.5, can 
be interpreted as typical for indigenous microorganisms, including fungi (Fig.3). Inoculation of AM-5 
into soil sampled at military polygon, resulted in a decrease of diversity index from 3,21 to 3,053,11. 
This fact can indicate to the influence (some inhibition) of bacteria consortium to fungal activity 
(Fig.7). Variants with “alternative” sandy soil, i.e. pure sand, sand with diesel and lindane, 
demonstrated the lower diversity index, as compared to the variants with soil sampled at military 
camp. It is important to notice, that the presence of diesel resulted in a decrease of diversity index up 
to 2,93 (Fig.7). Most probably, in the presence of diesel, some strains with hydrocarbon-oxidizing 
ability become dominant. 

 

   
Growth intensity of soil microorganisms on different carbon substrates after 120h incubation, is shown 
on Figure 8. Some substrates were not used by bacteria consortium AM-5 and indigenous fungi, e.g. 
-cyclodextrin, glucose-1-phosphate, -ketobutyric acid, phenylethylamine, D,L--glycerol 
phosphate (Fig.8).  
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Fig. 8. Growth intensity of soil microorganisms on different carbon substrates after 120h incubation, 
using EcoPlate. Variants are described in Table 1. 
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The Biolog plates method was first used to compare metabolic activity of heterotrophic microbial 
communities from different habitats – water, soil and wheat rhizosphere. During incubation at a 
constant temperature, soil microorganisms oxidize substrates in the plate wells and, simultaneously, 
reduce colourless tetrazolium dye to a violet formazan. In the case of the Biolog plates the information 
about the community structure comes from the characteristic pattern of substrate utilization, while 
analysis of microbial growth rate and substrate utilization in particular wells informs about microbial 
community function. On the other hand, Preston-Mafham et al. (Preston-Mafham et al., 2002) stressed 
that “community function” implies actual catabolic activity. In fact, the Biolog method indicates po-
tential, but not actual, catabolic activity of a community (Smalla et al., 1998). Positive response in 
wells on a plate indicates the ability of a community to adapt metabolism to an artificial (in vitro, not 
in situ) environment (Preston-Mafham et al., 2002; Stefanowicz, 2006). 

 

4. CONCLUSIONS 

In our experiments, immobilization of bacteria cells upon their growth was more efficient, as 
compared to incubation of 48h old culture with beads. As reported by Prieto with co-authors (Prieto et 
al., 2002), adsorbed cells in biofilms are maintained by exopolysaccharides forming a mucilage layer 
which help them keep together and adhere to the solid support. Immobilization of exponentially-
growing cells resulted in a remarkable enhancement of the respiratory activity of cells and a shorter 
lag phase preceding the active phenol degradation. 

The survival of introduced microorganisms is critical to successful bioaugmentation treatments. Our 
data demonstrated a high viability of bacteria introduced into contaminated soil in both ways, i.e. as a 
(i) liquid inoculum and (ii) biomass immobilized onto ceramic bead. Keeping in mind the advantages 
of immobilized biomass discussed in this paper, further research should be focused on the 
optimization of carrier structure, immobilization procedure, as well as bioremediation protocol. 
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Abstract 

The basic principles of the new “dry” process for horizontal hole drilling in the ground are 
considered. The experimental data on the horizontal transportation of drilling products through a 
rotary pipeline are reported.  

Key words: consolidation, drill product, ground, pipeline, air flow 

 

It is the common knowledge that the hole-making in a rock mass is one of basic operations in 
underground excavations and laying of underground communication lines. Today the trenchless pipe-
laying processes often appear the only feasible construction method under conditions of high density 
of urban housing and underground communication lines and respective deeper levels of underground 
construction.  

A great variety of the trenchless pipe-laying processes is based on three main hole-making methods: 
perforation (piercing), punching or drilling of holes. The said hole-making processes differ in the ways 
how a hole is formed.  

The hole-perforation process provides a hole with no soil excavation. The working organ of the 
machine intrudes into a ground mass and forms a cavity due to the partial radial pressing of the ground 
into the periphery area. The ground undergoes restructuring with higher density in the new-formed 
hole walls and surrounding soil. Considering that the energy intensity of the hole-perforation process 
sharply upsurges with increase in diameter of a hole, the upper diameter limit generally ranges within 
300-350 mm for most machines 1.  

The hole-punching is a hole-making process with soil excavation and preliminary steel-pipe casing of 
holes. Since the soil fails exclusively along the hole perimeter, resistance and energy intensity are 
appreciably lower as compared to the hole perforation. The limited length of a pipe string to be 
punched can be considered as an imperfection of the process, as the higher resistance of the pipe of 
more than 40-50 m in length hampers the punching progress. 

Drilling is a hole-making process with advancing soil excavation and envolves two main operations: 
rock failure and its removal from a borehole. The process is widely practiced in the world 
underground construction, because it allows the mechanization of basic technological operations. 
Moreover, the energy intensity of the process is not great due to the soil excavation and minimum 
deformation of a surrounding ground mass. 

In fact, all modern drilling processes employed in the building industry are sinking processes with 
complete removal of broken rocks from a hole cross-section. The drilling can be classified as a 
mechanical or hydraulic process depending on the way how the down-hole portion of a well is driven. 
The machines for mechanical drilling comprise a rotary cutting tool and a conveyor to remove soil. 
The machinery is distinguished for large overall dimensions and low operating efficiency in watered, 
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loose and weakly bound soils, when there is an apparent danger in caving of soil over a hole in front of 
a pipe casing. 

In recent years the world trenchless construction technologies involve the use of machines for 
controlled horizontal drilling, where the drill bentonite-clay fluid is used to break the ground, to 
remove broken ground and to reinforce hole walls. This really efficient process has a number of 
serious imperfections. Thus, it is difficult to provide the correct geometry of a borehole under 
construction. The common defects are unacceptable contraction or expansion of a borehole [2]. Such 
disturbances in hole geometry result in formation of a suspension pocket with excess pressure in depth 
and swelling of the daylight surface as a consequence.  

Researchers of Institute of Mining, SB RAS, work on the development of the process for “dry” drilling 
with no use of a drill fluid. The new process, designed to eliminate the above imperfections, is based on 
the hole-making with the partial soil consolidation. The process makes it possible to drive a stable hole 
by using properties of the surrounding ground itself without any drill fluids or other materials [3].  

The soil consolidation is a simple and effective way to strengthen mechanical bonds between soil 
particles. Wells with consolidated walls can preserve a rather long-term stability. The wall strength can 
be improved up to the level, high enough to stand mechanical loads, specific for subsequent laying of a 
pipeline or other engineering communication lines in a well [4].  

The removal of broken rocks is another important component of the hole-drilling process. It is 
reasonable to use the compressed air as a cleaning agent in the drilling process, because it does not 
complicate the process, there is no need in supply of cleaning agents in great volumes. Thereto, soil 
particles readily deposit in no time after the transportation of broken rock is over with no mud 
accumulation in a working pit.  

The combination of two technical solutions contributes to the reliable horizontal transportation of 
loosened soil by the compressed air flow [5]: 

- a constant-section pipe pulled into a well can serve as a transportation channel; 

  - the pipe rotates around its longitudinal axis during soil transportation through it. 

The constant –section pipeline has better aerodynamic properties as compared to the ring- or feather-
edge-shaped annulus areas in conventional drilling machines. The continuous rotation of the pipeline 
eliminates or at least hampers the formation of a stationary underlying layer of rock particles on the 
bottom of the transportation channel.  

Advantages of the transportation through a rotating pipeline are explained by the specific physical nature 
of the solid particle motion. The forces, maintaining a soil particle in a suspension, are of key value in 
transportation through a stationary pipeline. They are generally presented by forces arising due to gas-
flow turbulence and hydrodynamic forces generated in an asymmetric flow around particles. The air 
flow velocity at which these forces reach the value, high enough to elevate particles, is termed as 
hovering velocity. 

These forces are not of decisive importance in the rotary pipeline transportation. The drag force of an 
air flow acts as a drive force and can induce the motion at the air-flow velocity, lower than the 
hovering velocity. Moreover, the material looseness is not an obligatory condition for transportation. 
The wet ground which is hardly separated into small particles or sticks together at a mechanical 
contact and forms a plastic mass, can be transported by means of an air flow [6]. 

It is theoretically substantiated and verified experimentally that a wet soil mass can be transported 
through a rotating pipeline in the form of a plastic inner cylinder. The rotation of a pipeline promotes 
the distribution of the soil feed all around the transportation channel cross-section and the formation of 
a plastic or granular pseudo inner cylinder. 
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The transportation of broken soil through a rotating pipeline was experimentally studied at the test 
stand consisting of a soil channel, an underreamer device as a model of a drill device, a power supply 
unit for rotation and advance of a device, a drill string, and measurement instrumentation. 

The aim of the studies was to check whether it is possible to form a soil inner cylinder within a 
rotating pipeline, to convey this inner cylinder through a pipeline and to evaluate basic parameters of 
an air flow (pressure and air consumption) during the test transportation. The tests were executed at 
different moisture contents of the test soil specimens. The moisture varied from the natural (4 – 6 %) 
to strongly moistened (20 – 22 %) levels. The soil was artificially wet when it was charged by layers 
into the experimental soil channel. 

It is established from the research data obtained in tests that the process for hole-making with partial 
soil consolidation provides the stability of new-made wells. The transportation of soil through a rotary 
pipeline guarantees the reliable batchwise removal of the drill product from a well, the soil batches 
differing in volumes, Fig. 1. The pressure indicator diagram for the soil-transportation pipeline of 200 
mm in diameter is presented in Fig. 2. 

 

 
 

Fig. 1. Discharge of a soil batch as a pseudo 
inner cylinder 

Fig. 2. Indicator diagram of pressure in a pipe 
conveying of a soil batch as a pseudo inner cylinder 

 

The research data made it possible to develop the new version of the hole-making process integrating 
the perforation and drilling of holes with the use of static and percussion-impulse impact on the 
working organ. A pioneer hole can be made by piercing. After the pioneer hole reaches the inlet pit the 
pneumatic-percussion device is demounted and replaced for a reamer equipped with built-in impact-
pulse generator. The hole is reamed up to the design diameter by the rotary or impact-rotary drilling 
with the reverse stroke of the drill string. Concurrently, the first section of the transportation pipe is 
connected to the reamer, the pipe being pulled into the reamed hole and extended as the hole is 
advanced. The drill product is conveyed through this pipeline to the inlet pit where it is utilized. 

After the reamer reaches the working pit the hole-making process is considered completed, and 
sections of the transportation pipeline are to be removed in series. The ready-made hole is ready for 
exploitation it is possible to pull in a pipe casing or a product pipeline or something else what this hole 
is made for. The pipe casing can be introduced concurrently with the hole-reaming or the removal of 
the transportation pipeline. 

The drilling complex prototype was tested under field and full-scale production conditions to make 
holes of 325 - 530 mm in diameter in a variety of soil types, Fig. 3. It is established that the wide 
variations in the soil moisture content do not appreciably influence the performance of the pipe 
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transportation. Some reduction in the soil batch volume, conveyed through a pipeline is recorded at 
moisture as high as more than 20 %.  

 

 
Fig. 3. The “dry” drilling process is employed to make channels for power cable laying in 

Novosibirsk park 

 

Discussing the advantages of the “dry” drilling process, the experts outlined the lack of the mud 
accumulation in the working zone as a factor of prime importance for subsequent electric installation 
works. Complex hole-making process with partial consolidation of soil provides the sound grounds for 
the development of an advanced process for horizontal hole-making in the ground mass. The air-flow 
transportation of loosened soil through a rotary pipeline exhibits high performance in the removal of 
drill products from a hole. 
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Abstract 
The article presents the results obtained by analysis of bread produced with non bakery raw material 
addition, namely: buckwheat, oat and lentil (in portions between 10 – 50 %). These additions 
represent an important source of biologically valuable substances, inter alia of important macro and 
micro elements. In experimental loaves the amount and structure of selected minerals (Fe, Mn, Zn, Cu, 
Ni, Co, Cr, Cd, Pb) was determined. The amount of ash increased with the increase of the addition. 
The increase of the amount of valuable nutritive elements (Fe, Mn, Zn) depending on additional raw 
material is seen as a positive contribution. From the point of view of food safety there are concerns 
with increased content of Cd and Pb. All non bakery raw materials represented an excellent source of 
iron (buckwheat  oat  lentil), zinc (lentil  oat  buckwheat), cuprum (lentil  oat buckwheat) and 
manganese (oat  lentil  buckwheat). The content of lead did not exceed the limit allowed by the 
legislation in any of the raw materials and final products used. The situation was worse for cadmium 
where 13 of the 16 prepared products showed an excessive cadmium content which represents 81.25 
%. The article focuses on recipes preparation for food with added value aiming to offer the consumers 
safety food of high nutritive quality. 

Key words: bread products, addition, mineral components, heavy metals 

 

1. INTRODUCTION 

One of the most important sources of nutrition is plant raw materials including cereals, pseudo cereals 
and legumes. The purpose of the foodstuffs is not only to satisfy one’s appetite and to stay alive, 
foodstuffs should also support one’s health and under no circumstances should they be detrimental to 
the consumer's health. Among the basic products of cereals are bread, bakery and pastries. Their total 
consumption in Slovakia in recent years has been about 80 kg on average per person per year. This 
represents a significant group of foodstuffs in the consumption basket with a great influence on the 
health of the consumer. Mineral components are one of the important groups of biologically active 
substances ingesting by food and vital for human healthy development. The amount of the mineral 
components taken in has often the most significant importance. To improve nutritive value of classical 
food (such as bread) additional raw materials are added aiming inter alia at improving the mineral 
structure of the food.  

Buckwheat is introduced into the diet as an alternative crop of renewed interest due to its nutritive and 
health-promoting value. Common buckwheat grains and other tissues contain numerous nutraceutical 
compounds, among others also an important source of microelements (Fe, Zn, Cu, Mn, Se) and macro 
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elements (K, Na, Ca, Mg, P) (Ikeda 2002, Bonafaccia and Fabjan 2003, Bonafaccia et al. 2003, Stibilj 
et al. 2004, Skrabanja et al. 2004, Christa and Soral-Smietana 2008). 

In general, legumes (in case of our experiment lentil) are an important source of ash content in food 
(Almeida et al. 2004). It is important to note that the seeds are used as a whole thank to what there is 
no loss of ash content in contrast to e.g. cereals loosing ash content due to the milling process. Lentil 
grains are an excellent source of zinc (approx 38 mg.kg-1), iron (approx 64 mg.kg-1) and manganese 
(approx 53 mg.kg-1) (Demirbas 2005).  

Oat is of distinctive value among the cereals due to its multifunctional profile. It is a good source of 
minerals and other nutritive elements (Frolich and Nyman 1988, Ekholm et al. 2003). Whole oat groat 
contains important minerals: calcium (approx mg.100g-1), phosphorus (approx 300 – 400 mg.100g-1), 
iron (approx 4 mg.100g-1), zinc (approx 4 mg.100g-1), iodine (approx 16 mg.100g-1) (Sadiq Butt et al. 
2008). 

Due to the long-term environmental load, there are areas in Slovakia with a higher content of harmful 
heavy metals in soil or soils contaminated with heavy metals which represent certain risks related to 
the utilization of such soils for the growth of resources for basic foodstuffs and their hygiene quality 
(Lahučký et al. 2001, Vollmannová et al. 2003). In Slovakia the heterogeneous elements in the food 
chain have been checked by the agricultural sector since 1986. To guarantee objective information, the 
system of monitoring heterogeneous elements has been established since 1991. Since that year the 
amount of samples checked has reached 34.454 in total. 7.1% of them did not comply with the 
determined limit values mainly due to the presence of cadmium, mercury, lead, nitrates, nickel, 
and arsenic. The majority of the unsuitable samples have been found in supply water, soil and in raw 
plant material. Samples with excessive values were found in the following regions: Gelnica, Spišská 
Nová Ves, Prievidza, Žilina, and Levice (Anonymus 2008). 

 

2. MATERIAL AND METHODS 

Control bread as well as bread with an addition of buckwheat (test 1), oat (test 2) and lentil (test 3) in 
an amount of 10 %, 20 %, 30 %, 40 %, and 50 % were prepared in the rheological and bakery 
laboratory of the Department of Plant Products storing and processing at the Faculty of biotechnology 
and food science of the Slovak university of agriculture in Nitra. The samples were analyzed for the 
Fe, Mn, Zn, Cu, Co, Ni, Cr, Pb and Cd input content (analytical method used for these analyses was 
AAS  Varian AA spctrDUO 240fs/240z/UltrAA). The raw materials, e.g. wheat flour T 512 and 
homogenized buckwheat, oat and lentil used in bakery tests, were also analyzed. The prepared 
products were also evaluated from the viewpoint of their technological and nutritional value.  

Breads were prepared as control samples (100 % portion of wheat flour T 512) as well as bread made 
from wheat flour T 512 with the addition of buckwheat, oat and lentil with portions of 10 %, 20 %, 30 
%, 40 % and 50 % increasing their nutritional quality (amount and structure of proteins and minerals, 
fibre enrichment, etc.). 

 

3. RESULTS AND DISCUSSION 
The vital condition of optimal nutrition is food which supports health. Guaranteeing the food safety is 
at present high on the agenda. Although the food safety in Europe is of a high quality, the monitoring 
and checking of risk commodities, locations and parameters including the follow-up of the 
contamination causes should not be neglected.  

Because of the current state of the industrial society it is clear that humans must coexist with chemical 
substances from their embryonic stage until death. Contamination of the food chain by heavy metals 
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becomes a major issue as these metals do not undergo the process of natural degradation and become a 
constant element in the nutrition chain.  

Bread belongs to the basic foodstuff which is consumed on a daily basis therefore its possible 
contamination represents high risk. Apart from hygienic quality, bread has to comply with other 
attributes such as technological and sensory quality. 

The loaves prepared with an addition of buckwheat, oat and lentil, were evaluated to be of a lesser 
quality from the technological viewpoint in comparison with pure wheat loaves. The additions 
negatively influenced the loaf volume, specific volume, and bulk productivity of the bakery product 
(Bojňanská et al. 2009a). However, all the products were evaluated to be more valuable from a 
nutritional viewpoint having a positive effect on consumer health. The titration acid of the products 
increased significantly with the addition of buckwheat, oat and lentil what indicates their better quality 
as far as taste is concerned. Through the addition of these raw materials the content of nitrogenous 
substances with a positive biological value in bread has increased, as well as the content of vitamins, 
minerals and resistant starch. The antioxidant activity has also increased (Bojňanská and Fikselová 
2009, Bojňanská et al. 2009b). 

The success of a product on the market is ultimately influenced by the sensory acceptance of the 
product, an important factor from the consumer’s point of view. Based on the results obtained we can 
recommend 10 %, 20 % and 30 % additions of buckwheat and lentil, and 10 % and 20 % additions of 
oat as being „good“. All products are considered to be acceptable, even though the taste as well as 
other sensory parameters were specific in the case of higher portions of buckwheat, oat and lentil 
(Bojňanská 2008).  

The elements which were determined quantitatively at the Department of chemistry of the Faculty of 
biotechnology and food science at the Slovak university of agriculture in Nitra, (iron, zinc, copper, 
chromium) are listed in tables with recommended nutritional rations (Bulletin, Ministry of Health of 
SR 1997). The daily recommended ration of iron for example ranges from 8 mg to 28 mg depending 
on age, gender and the work load. In general cereals do not have high iron content, but based on our 
results, buckwheat, oat and lentil can be considered as excellent sources of non-hemic iron. Cu2+ ions 
must be present to enable the reduction of ferric ions Fe3+ into ferrous ions Fe2+ required for the 
resorption in the human body (Melicherčík and Melicherčíková 1997, Salgueiro et al. 2002). 

In bread with an addition of 50 % of buckwheat, the iron content increased as much as 780 % in 
comparison with the control bread. Similar results were obtained in the case of oat and lentil being 
added (Figure 1). A daily consumption of 250 g of such fresh bread would cover nearly 100 % of the 
daily demand for iron for a man performing average strenuous work, i.e. a significant contribution. 
Bojňanská et al. (2009b) realised a clinical study based on a daily consumption of 200 g of enriched 
bread (30 % buckwheat). The positive influence of buckwheat bread consumption can be seen in 
increase of iron content in blood which was statistically significant after four weeks of consumption 
and continued to increase until the end of clinical study. Shortage of iron represents the most common 
deficiency disease affecting wide population which can be evolved into iron deficiency anemia. Iron 
amount in organism depends on its intake by food and its biological disposability influenced by its 
chemical form, existence of other biologically active elements in food as well as the way of meals 
preparation (Žourek et al. 2007). Based on findings, buckwheat consumed in a form of enriched bread 
might be considered as suitable source of acceptable iron.  

Zinc is an important biogenic element which is part of many enzymes. It plays an important role in the 
synthesis of proteins, influences the metabolism of saccharides and lipids and supports the immune 
system (Melicherčík and Melicherčíková 1997, Salgueiro et al. 2002, Francis 2009, Whitfield et al. 
2010). The daily recommended amount of zinc ranges from 5 to 16 mg. For a man performing average 
strenuous work the daily demand amounts to 12 mg, what can be covered for 30 % by the daily 
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consumption of a loaf of bread, to which 50 % of lentil has been added. Based on data given in Figure 
2 it is obvious that lentil has been the most important source of zinc, although also other used 
additions increased the content of zinc in experimental loaves of bread. 

Cuprum is another biogenic element. Its daily recommended consumption should be between 0.5 and 
2.5 mg, what is possible through consuming cereal products, mainly bread enriched by lentil, an 
important source of cuprum. The recommended daily consumption of bread – 215 g (provided that it is 
prepared with an addition of 50 % of lentil) would guarantee the daily intake of approximately 0.65 
mg of Cu. A shortage of cuprum in the organism can cause pathological changes, an overdose of 
cuprum however is toxic as it blocks the transfer through the membranes (Melicherčík and 
Melicherčíková 1997, Whitfield et al. 2010). The Food Codex of the SR, second part, chapter 10 gives 
the highest acceptable amounts of contaminants in foodstuffs valid in the Slovak Republic (Directive, 
Ministry of Agriculture of SR 2004). Cuprum is among the chemical elements listed there. Its highest 
acceptable amount in cereal products is 10 mg.kg-1. This limit was not exceeded in any of the 
evaluated products (Figure 3). 

Another chemical element, which is essential from the physiological point of view but which is toxic 
in case of a higher amount, is chromium (Stohs et al. 2000). In the human body it helps creating a 
glucose tolerant factor influencing (together with insulin) the concentration of sugar in blood 
(Melicherčík and Melicherčíková 1997, Mertz 1993). It plays a role in the metabolism of lipids and 
decreases the level of cholesterol in blood (Koréneková et al. 2005). Brewery yeast represents an 
excellent source of chromium, but also the evaluated raw materials, mainly buckwheat, were a good 
source of chromium. (Figure 4). In none of the evaluated products the highest allowed amount of this 
element was exceeded (4 mg.kg-1 valid for „other foodstuff “). 

 

      
Figure 1      Figure 2  

Fe content (mg.kg-1) in bread    Zn content (mg.kg-1) in bread  

with addition of buckwheat, oat and lentil with addition of buckwheat, oat and lentil 

 

bread with lentil bread with lentil
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Figure 3      Figure 4  

Cu content (mg.kg-1) in bread    Cr content (µg.kg-1) in bread  

with addition of buckwheat, oat and lentil with addition of buckwheat, oat and lentil 

 

    
Figure 5      Figure 6  

Mn content (mg.kg-1) in bread    Ni content (µg.kg-1) in bread  

with addition of buckwheat, oat and lentil with addition of buckwheat, oat and lentil 

 

Manganese is one of the important biogenic trace elements (Burch et al. 1975, Penington and Jones 
1987), which is taken in to organism by food only insignificantly. From the total amount of intake of 
manganese only about 3 % are absorbed (Melicherčík and Melicherčíková 1997). Its biogenic 
importance resides on its role connected with cells development and forming of hem (blood cell 
production). It also influences positively the immune system. Some plants have the ability to cumulate 
manganese and during our experiment the oat seemed to be the most important source of it (Figure 5).  

The current legislation of the SR determines the highest acceptable amounts of the following chemical 
elements: Cd, Pb, Hg, As, Sn, Al, Cr, Cu, and Ni (Directive, Ministry of Agriculture of SR). The 
following chemical elements were evaluated in the cereal products we had produced: Cd, Pb, Ni, Cu, 
and Cr. The highest acceptable amounts of heavy metals in foodstuffs represent the height of the 
tolerable limit in foodstuffs expressed in numbers which minimises the estimated health risk for 
human beings on condition that the average nutritional habits are followed. As Cu and Cr belong to 
the elements listed in the recommended nutrition tables, their appearance in the evaluated raw 
materials and foodstuffs has already been evaluated.  

bread with lentil

bread with lentil

bread with oat

bread with buckwheat

bread with lentil

bread with oat

bread with buckwheat

bread with lentil

bread with oat

bread with buckwheat
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The essential importance of nickel is a certainty but this element can cause acute or chronic poisoning 
in cases of high intake and unwanted skin problems can occur in case of contact with nickel 
compounds. Based on our results it has been confirmed that the natural sources for nickel are mainly 
plants, including raw materials evaluated by us (Figure 6), in which the nickel content reaches values 
under the allowed highest limit given for cereal products (max. 3 mg.kg-1). 

 

Table 1: Pb and Cd content in bread 

 

Products   Pb, mg.kg-1      Cd, mg.kg-1   

  
dry 

matter 
consumable 

form 
max, 

mg.kg-1 
dry 

matter 
consumable 

form 
max, 

mg.kg-1 

Wheat flour 0.130   0.234   

Buckwheat 0.450      

Oat 0.500   0.264   

Lentil 0.370   0.107   

Bread (wheat flour 100 %) 0.560 0.308 1.0 0.260 0.143 0.1 

Bread (buckwheat 10 %) 0.350 0.193 1.0 0.200 0.110 0.1 

Bread (buckwheat 20 %) 0.950 0.523 1.0 0.235 0.129 0.1 

Bread (buckwheat 30 %) 1.100 0.605 1.0 0.415 0.228 0.1 

Bread (buckwheat 40 %) 0.500 0.275 1.0 0.230 0.127 0.1 

Bread (buckwheat 50 %) 0.600 0.330 1.0 0.115 0.063 0.1 

Bread with buckwheat - 
average 0.700 0.385  0.239 0.131  

Bread (oat 10 %) 0.400 0.220 1.0 0.174 0.096 0.1 

Bread (oat 20 %) 0.680 0.374 1.0 0.284 0.156 0.1 

Bread (oat 30 %) 0.660 0.363 1.0 0.328 0.180 0.1 

Bread (oat 40 %) 0.720 0.396 1.0 0.252 0.139 0.1 

Bread (oat 50 %) 0.820 0.451 1.0 0.242 0.133 0.1 

Bread with oat - average 0.656 0.361  0.256 0.141  

Bread (lentil 10 %) 0.370 0.204 1.0 0.237 0.130 0.1 

Bread (lentil 20 %) 0.300 0.165 1.0 0.163 0.090 0.1 

Bread (lentil 30 %) 0.330 0.182 1.0 0.253 0.139 0.1 

Bread (lentil 40 %) 0.370 0.204 1.0 0.227 0.125 0.1 

Bread (lentil 50 %) 0.430 0.237 1.0 0.223 0.123 0.1 

Bread with lentil - average 0.360 0.198  0.221 0.121  

Bread - average 0.569 0.313  0.244 0.134  
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The maximum limit (1.0 mg.kg-1 in consumable form) of lead, a high risk element with a significant 
ability of accumulation, has not been exceeded in any of the samples (Table 1). When comparing 
bread, a significantly higher lead content was found in bread with buckwheat and oat. An 
accumulation of lead in the human body can be prevented by an adequate dosage of Ca and vitamin A, 
which activates enzymes preventing the absorption of lead (Bencko et al. 1998). 

Several authors who are mapping the situation with regard to cadmium in the soils in Slovakia 
(Lahučký et al. 2001, Takáč et al. 2008, Tomáš 2002, Vollmannová et al. 2003, Vollmannová et al. 
2007, Margitanová et al. 2009) state - and this is confirmed on the basis of the results of our analyses - 
that cadmium represents the most problematic element in our soils and consequently in foodstuffs. In 
all the evaluated samples, in raw material (flour, buckwheat, lentil, oat) as well as in final products 
(bread) high cadmium values (varying from 0.107 mg.kg-1 Cd (lentil) to 0.415 mg.kg-1 Cd (bread with 
an addition of 30 % of buckwheat) were measured expressed on 100 % of dry matter. During the 
monitoring by the authorised institutions of the Slovak Republic between 1991 and 2006, the highest 
portions in samples exceeded the limits due to cadmium mainly in the soil and in cereals. The basic 
input of cadmium into the food chain happens through the application of phosphorus fertilisers, the 
production of iron and steel and the burning of coal (Egyudová and Šturdík 2004, Lahučký et al. 
2001). People are exposed to a cadmium input through the food chain as well as through smoking, 
breathing, soil and drinking water (Smolders 2004). The main sources of cadmium in nutrition are 
cereals, green leaf vegetables and potatoes (Cosano and Lopez 2003). A high concentration of 
cadmium can be stored in plants growing close to the industrial sources of contamination (Klein 
and Snodgrass 2003). Recently attention is being paid to the term “remote transport” of cadmium 
underlying the fact that the regions without any industrial zones do not necessarily have to be 
cadmium free.  

The average Cd content amounted to 0.134 mg.kg-1 in bread produced during our experiments, the 
source of cadmium in these products being the basic material used (wheat flour, buckwheat, oat, lentil) 
and the lowest value was found in bread with addition of lentil. Similarly high values of cadmium in 
food products (0.5 – 1.0 mg.kg-1) were also measured also Janušová et al. (2004). The cadmium 
content in the daily intake of the tested consumers amounted in average to 0.024 mg.kg-1 (in a scale 
from 0.000 to 0.053 mg.kg-1). The consumption of 215 g of bread (fresh bread) such as produced and 
analysed by us, would bring on average 0.0284 mg of cadmium into the human body. While 
evaluating the highest acceptable amount, the values given apply to consumable forms of products, i.e. 
fresh bread with a dry matter content of approximately 55 % must be taken into consideration. The 
values for the Pb and Cd content given in Table 1 are calculated on 100 % dry matter and in a 
consumable form. 

In respect of the above mentioned values above the limits (> 0.1 mg.kg-1 for „other foodstuffs “) were 
measured and calculated in 13 out of 16 products (bread) made during the experiments what represents 
81.25 %. No significant difference of the cadmium content was found in bread depending on the used 
portion of addition. Excessive amounts of cadmium and lead were found in vegetables by Szabová et 
al. (1998), but their experiments were based on soils treated with sewage sludge. In our experiments 
we used raw materials for producing bread and pastry which had been bought in the shops. 

The highest acceptable amount of cadmium in foodstuffs is fixed on 0.8 - 1.0 mg.kg-1 by law, but these 
values are valid for poppy, mushrooms, tea and gelatine. The storage of cadmium is blocked by 
ascorbic acid (Melicherčík and Melicherčíková 1997), an important antagonism of cadmium is zinc, 
which besides its protective effect against the unfavourable influence of cadmium, plays an important 
role in improving immunity, fertility, protein synthesis, etc. Its toxicity is low, therefore the 
supplementation of zinc to foodstuffs could be recommended, especially to foodstuffs with potential 
higher cadmium content.  
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4. CONCLUSIONS 

Based on the technological, nutritive, hygienic and sensory evaluation of bread and pasta prepared 
with the addition of buckwheat, oat and lentil until 50 %, it can be said that the technological quality 
of bread with additions was lower in comparison to the control bread, which was made only from 
wheat flour. This was mainly reflected by the lower volume of the products. On the other hand the 
bread with additions showed a significantly higher nutritive quality with regard to proteins, fibre and 
other important elements as well as minerals playing essential functions in the human body.  

Considering food enrichment by mineral components, based on results obtained we recommend 
addition of buckwheat, oat and lentil to bread. The addition of 30 % of buckwheat to bread (the 
amount accepted from technological as well as sensory point of view) increased the content of 
important nutritive elements as follows: Fe (3.25 times), Zn (1.42 times), Cu (1.26 times), and Mn 
(1.08 times). The addition of 30 % of oat increased the content of Mn (2.06 times), Fe (1.87 times), Cr 
(1.63 times), Cu (1.62 times) and Zn (1.56 times). The addition of lentil increased mainly the content 
of Zn (2.5 times), Cu (2.27 times), Fe (1.83 times) and Mn (1.79 times). So buckwheat is an excellent 
source of iron, lentil of zinc and cuprum and oat an excellent source of manganese. 

The content of lead did not exceed the limit allowed by the legislation in any of the raw materials and 
final products used. The situation was worse for cadmium where 13 of the 16 prepared products 
showed an excessive cadmium content which represents 81.25 %.  
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LANDSLIDE HAZARDS AND CULTURAL HERITAGE SAFETY IN RUSSIA. 

MODELING  AND MONITORING FOR  LANDSLIDE PROCESSES 
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Institute of Environmental Geoscience RAS, Moscow, Russia 

 
 

Abstract 

Landslides are one of the most widespread and dangerous phenomena in the urbanized territories. In 
Moscow they affect about 3 % of the most valuable territory, including churches and historical 
buildings located at high banks of the Moskva River. Recently the landslide activation occurred. 
Normal functioning of city infrastructure and implementation of effective slope protection measures 
require special landslide monitoring. Mechanical-mathematical model of high viscous fluid was 
applied for the landslide-prone slopes modeling. Equation of continuity and an approximated Navier-
Stockes equation for slow motions in a thin layer were used. The results of modelling give possibility 
to define the landslide section with upmost velocity that should be monitored in the first place. Some 
important parameters used for numerical modelling can be defined from monitoring data. 

Key words: landslides, modeling, monitoring, viscous fluid 

 

1.INTRODUCTION 
Preservation of valuable historical monuments and modern structures located at the landslide-prone 
slopes requires permanent monitoring of moving massif. About 15 sites affected by deep-seated 
landslides and numerous shallow landslides have been identified in Moscow  (Fig.1).   

One of landslide-prone areas is at Vorob'yovy hills, on a high slope of the Moskva River right bank. 
Active landslides endanger a historical monument of federal value - «Andreevsky monastery», 
established in 1648 (Fig.2) building of the Russian Academy of Sciences Headquarter, constructed in 
70 - 80th of 20-th century (Fig. 3), bridge with the "Vorob'yovy gory" metro station and the ski-jump, 
close to which rather large landslide occurred in June 2007. Schematic cross-section of this area is 
shown on Fig. 4). 

Landslide-prone area is in the southeastern part of Moscow near "Kolomenskoye" (Fig. 5,6), where 
last hazardous activation occurred in 2002. Catastrophic activation of the deep landslide in the 
Khoroshevo district on the left bank of the Moskva River at Karamyshevskaya enbankment took place 
in 2006-2007. Most recent activation of Moscow deep-seated landslide was in Moskvorechye area in 
September, 2009. 

Such complicated situation demands development of new investigations of landslide prone zones. 
(Osipov et al. 2002, Kutepov et al. 2002, Postoev & Svalova 2005, Svalova & Postoev 2008) 
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Figure 1. Map of zones of geological trouble in Moscow. (In red (dark) – landslide zones) 

Institute of Environmental Geoscience , Russian Academy of Sciences. 

Osipov V.I. (editor), Kutepov V.M., Mironov O.K. et al. 
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Figure.2. Vorob'yovy hills and Andreevsky monastery. 

 

 

  
 

Figure. 3.  RAS Headquarter building and ski jump. 

 

.  

 
Figure. 4. Schematic cross-section of landslide-prone slope at Vorob'yovy hills. 
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Figure. 5. Churches in "Kolomenskoye". Overview (left) and landslide-prone slope (right). 

 
Figure.6. Schematic cross-section of landslide-prone slope at Kolomenskoye. N.1, N.2, N.3 – 

boreholes equipped by extensometers and inclinometers. 

 

 

2.MECHANICAL-MATHEMATICAL MODEL FOR LANDSLIDE MOVEMENT 
One of the methods of studying of landslide processes is their mechanical-mathematical modeling. 
Successive stages of landslide initiation and motion can be simulated by various mechanical and 
rheological models. The elastic medium model and destruction model are applied to simulate landslide 
initiation, i.e. cracks formation, loss of stability, block detachment. The model of high viscous 
incompressible fluid can be applied to describe slow downslope soil movement. Such model allows 
estimating velocities of movement in a layer and comparison with monitoring data. Boundary 
conditions of a problem also depend on an exact situation. So, in case of slow movement on the 
bottom boundary of a layer the condition of sticking is used. If the process of debris flow, underwater 
landslide or snow avalanche is considered, the condition of sliding or more complex boundary 
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condition can be applied on the bottom boundary. The choice of adequate model of a process and 
statement of initial and boundary conditions is an independent mechanical problem. 

Landslide monitoring in Moscow shows that average velocities of the material movements at 
Vorob’yovy hills area are 2-4 mm/year. Velocities at Kolomenskoye are 40-60 mm/year and 
sometimes even more. It should be pointed out that these movements are permanent. Several attempts 
of slopes' stabilization appeared to be unsuccessful. The velocity distribution within the landslide 
bodies is rather complicated and it is very difficult to take into account all peculiarities of the matter 
(rocks properties, heterogeneity, layering, water saturation, rainfalls) when selecting rheological 
model. As a first approach a model of the continuum slow movement at long period of time is 
suggested. This model was successfully used for description of the lithosphere-asthenosphere 
movements and explanation of different geological structures' origin and evolution (Svalova 1992, 
1993). In future development of the model it is necessary to evaluate the value of effective viscosity 
for different landslides, to consider more complicated rheology and structure (visco-elastic medium, 
visco-plastic medium, multi-layered medium) and to compare the results of modeling with real 
landslides. 

Let's consider movement of landslide masses on a slope as a very slow movement of high viscous 
incompressible fluid described by equation of Navier-Stockes and continuity:  

 

 
 

 

div v  = 0 

 

v - vector of velocity, F – force of gravity, p – pressure,   - density,   - viscosity, t - time. 

Let the characteristic horizontal scale of a body of landslide ‘L’ surpasses its thickness ‘h’ 
considerably. Landslide is considered to be wide enough to simplify 3-D model of landslide body 
sections up to the 2-D one. Following (Svalova 1992,1993; Svalova & Sharkov 1992) and applying a 
method of decomposition on small parameter, it is possible to get the equation of continuity and an 
approximated equation of the Navier-Stockes in dimensionless form for  slow motions in a thin layer: 
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P is dimensionless pressure, U,W – dimensionless velocities, F - Frude number, R – Reynolds number, 

 - density,   - viscosity, 000 u,,   - scales of density, viscosity and velocity. 

 

Then it is possible to get the velocities and pressure in the layer: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 - the bottom border of a layer, 

 

   - the top border. 

 

Let on the bottom border the condition of sticking is satisfied: 

 

U0=W0=0 

 

 

The discharge  of matter along the layer is: 
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Since Q=const lengthways X, then: 

 

 

 

 

 

 

 

 

The condition of convexity of upper boundary is: 

 
 

 

 

 

 

This expression enables to analyze the form of the surface of moving matter (Fig. 7). 

 

 
а)                                                  b) 

 

Figure7. The various possible form of landslide surfaces: а) - convex, b) - concave. 

 

Clinoform (convex) structure can arise, if: 

1. Q is large, that is flux is high 

2.    is large. It means that matter spreads bad and can support big angle 

3.    is small. It means that matter has large specific volume and is friable 
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4. grad 0  is small, that is angle of lower boundary is small 

5.   0  is small, that is thickness of sedimentary layer is small. Under fixed Q it means that 
velocity of flux is high and formation of clinoformes and even overturning of rockes are possible 

 

All these conditions seem to be realistic to explain formation of structures such as inflows and 
clinoforms of sedimentary cover that confirms correctness of the model. It is important to define the 
area of maximal velocity on the landslide slope, which should be considered as a critical for 
installation of monitoring benchmark.  

Let's consider the massif of sedimentary rocks with the top border  representing landslide slope. The 
bottom border 0  is compatible with an axis X. The maximum horizontal speed U is reached on the 

top border   of  the massif owing to condition: 

 

 

 

 

 

Point of the maximal horizontal speed on the surface   can be found from a condition of equality to 
zero of the first derivative: 

 

 

 

                   

 

From here it is easy to receive the condition: 

 

 

                                                     (1) 

It is necessary to understand, that  (X) is known  function - the surface of landslide slope. And the 
received condition allows to find a point on a slope where speed of movement is maximal. 

Let's consider for presentation and an illustration of the received decision the surface of a landslide as 
(Fig. 8): 
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Then the condition (1) gives: 

 

                                  

 

Whence we receive                             and                                       

 

 
 

Fig. 8. Point A of the maximal horizontal speed of movement of masses on the surface of  slope. 

 

Such position of the point of the maximal horizontal speed seems to be realistic, and more exact data 
on landslide structure and topography will enable to define such point on a particular slope. The point 
of maximum speed on a slope defines the place of possible landslide acceleration in case of 
achievement of limit pressure in rock/soil massif.  

Contrariwise, areas with minimal displacement rate can be used for lifelines construction.  Modeled 
velocities should be compared with real velocities, measured in the course of landslide monitoring. It 
gives the possibility to define the real mechanical parameters of media. 

 

3. CONCLUSIONS 

Mechanical-mathematical model of high viscous fluid is elaborated to simulate soil movement on 
landslide-prone slopes. The results of modelling give possibility to investigate some fundamental 
aspects of landslide behaviour. The results of modelling give possibility to define the place of highest 
velocity on landslide surface, which could be the critical point for monitoring benchmark position. 
Modeled velocities should be compared with real velocities, measured in the course of landslide 
monitoring. It gives the possibility to define the real mechanical parameters of media. 
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Abstract 

Geothermal energy use is the way to clean, sustainable energy development for the world. Russia has 
rich high and low temperature geothermal resources and is making progress using them—mostly with 
low-temperature geothermal resources and heat pumps. This is optimal for many regions of Russia - 
in the European part, in the Urals and others. Electricity is generated by some geothermal power 
plants (GeoPP) only in the Kamchatka Peninsula and Kuril Islands. There are two possible ways of 
using geothermal resources, depending on the properties of thermal waters: heat/power and mineral 
extraction. The mineral-extraction direction is basic for geothermal waters, which contain valuable 
components in industrial quantities. The most significant deposits of thermal waters represent the 
brines containing from 35 up to 400 and more g/l of salts. These are the minerals of many chemical 
elements. 

Key words: geothermal energy, geothermal resources, complex utilization 

 

1. INTRODUCTION 
Thermal waters are used for many purposes - for developing electric power; for central heating and 
cooling; for hot water supply; in agriculture, animal industries, fish culture; in food; the chemical and 
oil-extraction industry; in balneology and spas; and for recreation. 

In Russia geothermal resources are used mostly for heating several cities and settlements in the 
Northern Caucasus and Kamchatka. In some regions of the country, the deep heat is used for 
greenhouses. Most active the hydrothermal resources are used in the Krasnodar territory, Dagestan and 
on Kamchatka.  

Involving these waters in economic activities can help resolve social - economic and environmental 
problems. 

 

2. GEOTHERMAL ENERGY USE 

In Russia, geothermal resources are used predominantly for heating several cities and settlements in 
the Northern Caucasus and Kamchatka areas, with a total population of 500,000. In some regions of 
the country, the deep heat is used for greenhouses in the common area comprising 465,000 м2. The 
majority of hydrothermal resources are used in the Krasnodar territory, in Dagestan and on Kamchatka 
(Gadzhiev et al.,1980; Kononov et al., 2000; Svalova, 1998-2009).  

About half of the extracted resources are used to heat buildings and for industrial purposes; one third 
are used to heat greenhouses; and about thirteen percent are used for industrial processes. In addition, 
thermal waters are used in about 150 health resorts; 40 factories bottle mineral water. The quantity of 
electrical energy developed by geothermal power stations in Russia since 1999 has almost doubled. 
Nevertheless, it remains extremely minor, making some 0,01 of a percentile from other ways of 
electrical generation in the country. 
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The Western Siberian plate is another promising region for direct use applications. The aquifers in this 
region are located down to 3 km and have a high hydrostatic pressure, temperatures of up to 75 °C, 
and are able to produce about 180 m 3 /s. These waters are used to heat dwellings in some small 
settlements and, on a small scale, assist in the recovery of oil, the extraction of iodine and bromide, 
and for fish farming. The region is rich in natural gas, which has limited geothermal development. 

The greatest use of low temperature geothermal resources is with heat pumps. This is optimal  for  
many regions of Russia - in its European part, in the Urals and others. Heat pumps are at an early stage 
of development in Russia. An experimental facility was set up in early 1999 in the Philippovo 
settlement of Yaroslavl district. The source supplies 5-6 °C water to eight heat pumps that heat the 
water to 60°C for a 160-pupil school building. There are some buildings with supplies of heated water 
provided by heat pumps in Moscow (Figure 1). 

 

 

 

 

 

. 

 

 

 

 

 

 

 

 

Figure 1. Moscow, Anokhina Str., 50—house for pilot heat-pump installation (left). Moscow, 
Anokhina Str., 62—house with heat-pump water supply (right).  (Photos by Svalova V.)    

 

The electricity is generated by some geothermal power plants (GeoPP) only in the Kamchatka 
Peninsula and Kuril Islands. At present, three stations work in Kamchatka: Pauzhetka GeoPP (11MWe 
installed capacity) and two Severo-Mutnovka GeoPP ( 12 and 50 MWe). Moreover, another GeoPP of 
100 MVe is now under construction in the same place. Two small GeoPP are in operation in Kuril’s 
Kunashir Island and Iturup Island, with installed capacities of 2.6 MWe and 6 MWe respectively. 

Russia has a considerable amount of geothermal resources and the available capacity is far larger than 
the current application. This resource is far from adequately developed in the country. In the former 
Soviet Union, geological exploration was well supported for minerals and oil and gas. Such expansive 
activities did not aim to discover geothermal reservoirs even in a corollary manner, as geothermal 
waters were not considered to be energy resources. Still the results of drilling thousands of “dry 
wells,” in oil industry parlance, bring a secondary benefit to geothermal research. These are the 
abandoned wells themselves, and the data on the subsurface geology, water-bearing horizons, 
temperature profiles, etc., that were collected during exploration. Not all currently operating 
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companies are willing to disclose their well data. Still in the face of the cost of maintaining shut-in 
wells, it is cheaper to turn them over to others for new purposes. 

Development and implementation of geothermal power technology is facilitated by social, scientific, 
economic and environmental aspects. Social aspects reflect public opinion and willingness to reject 
old, traditional power generating methods and implement new, non-traditional, environmentally 
friendly geothermal power technology. 

Nowadays the scientific and technical level of geothermal technology is very high in Russia. Unique 
geothermal power equipment has been developed domestically and for the first time in the world two 
environmentally friendly power plants were constructed in Kamchatka. In 1999 the unique pilot power 
plant, Verkhne-Mutnovsky GeoPP (V-MGeoPP), of 12 (3x4) MWe was constructed (Figure 2). 

 

 

 

 

 

 

 

 

 

Figure 2: Verkhne-Mutnovsky GeoPP.  First ecologically clean GeoPP( Photo by  Svalova V.). 

It has been operating in extremely severe climatic conditions on the site located about 1000 m above 
sea level. High levels of environmental protection are provided by isolating the geothermal fluid from 
the environment by using air condensers and re-injecting 100 percent of the waste geothermal fluid 
back into reservoir. The problem of protecting the GeoPP equipment from corrosion and salt 
depositions was solved by using a special technology of film-forming amine additives. Over the last 
years, the V-MGeoPP has reliably sustained generation of reasonably priced electricity of about 1.5 
cents/kWh (Nikolski, Parshin, and Bezotechestvo, 2003). The experience gained while constructing 
and operating the V-MGeoPP was used while constructing the 50 MW Mutnovsky GeoPP – a 
completely automated power plant with a satellite-based communication and control system (Figure 
3).  

 

 

 

 

 

 

 

 

Figure3: Mutnovsky GeoPP ( Photo by  Svalova V.). 
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The economic impact from geothermal power plants is especially high in remote locations. As there 
are practically no detrimental gases emissions, modern GeoPPs can be considered as environmentally 
friendly (Tomarov, Bubon, and Martynova, 2003). 

 

3. THERMAL WATERS COMPLEX USE 

Thermal waters are used for many purposes - for the development of electric power, for central 
heating and cooling, for hot water supplies, in agriculture, animal industries, fish culture, in food, the 
chemical and oil-extracting industry, in balneology and spa, and for recreation. 

Thermal waters, especially chloride brines, contain in their structures a huge complex of metallic and 
nonmetallic microcomponents. The saturation of brine microcomponents is closely depends on the 
genetic essence of brines and on the lithological-structures and geothermal features of containing 
rocks.  

Interest in geothermal waters and brines as sources of minerals is connected to a number of advantages 
of these kinds of raw materials in comparison with rock-based sources of rare elements, metals and 
mineral salts. 

Industrial underground waters are characterized by wide regional distribution and big geological and 
exploitation stocks. They are polycomponental raw materials and simultaneously can be used in 
balneology and power systems. Extracting such raw materials demands mechanical understanding. 
Such projects are undertaken by drilling boreholes, allowing the extraction of brines from great depths. 

Geothermal waters and brines are characterized by large varieties of mineralization, chemical 
compounds, the components and their quantitative ratios, and gas structure and temperatures. The 
most widespread types of hydro-mineral raw materials are: thermal brines from intercontinental rift 
zones; thermal waters and brines from island arcs and areas of Alpine folds; brines from artesian 
pools; brines from modern evaporative pools of sea water and continental lakes; and sea waters (Table 
1). 

 

Table 1. The main types of hydromineral raw material 

TYPE VALUABLE ELEMENTS EXAMPLES 

Thermal brines  of intercontinental 
rift zones 

CaCl2, CO2, (NaCl, Zn, Pb, Cu, Fe, 
Ag, Li, Br) 

Atlantis-II (Red Sea) 

Salton Sea (California, USA) 

Thermal waters and brines of island 
arches and areas of Alpine folds  

B, NH4, CO2, (Li, Cs, As, Ge, W) Japan, Iceland, New Zealand, 
Toscana (Italy), Russia 

Waters and brines of artesian pools  NaCl, KCl, CH4, Mg, Br, I, Rb, 
CsO 

San-Kristobal  (Mexico), Danison-
Trof  (Australia), 

Michigan (USA), Niigata (Japan), 
Russia 

Brines of modern evaporate pools  

 

NaCl, Na2CO3, K, Li, Br, B, (W, 
Rb) 

NaCl, KCl, K2SO4, Na2SO4, Mg, 
Br,  Li, B 

NaCl, CaCl2, Mg, K, Li, (Sr, Rb) 

Searles Lake, Great Salt Lake 
(USA), Kara-Bogas-Gol 
(Turkmenistan) 
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Sea waters 

 

NaCl, CaSO4, Mg, Br, K, (U, Li, B, 
D2O) 

USA, Japan, Germany 

Man-caused waters: 

I-Br plants 

Oil-gas fields 

Heat-and-power engineering 

 

Salt-mines and K-plants 

Water-desalinating plants 

 

NaCl, Br, Sr 

Br, I 

CaCl2, (NaCl, Zn, Pb, Fe, Ag, Li, 
B, As) 

NaCl, Br 

NaCl 

 

Russia 

USA (Oklahoma), Japan 

Salton Sea (USA), 

B. Pauzhetka (Russia) 

Germany, France, Russia, Japan 

Poland, Russia  

 

The profitability of industrial extraction of those or other components from hydro-mineral raw 
materials is determined not only by their concentrations, but also by the depths of underground waters, 
the filtration properties of rocks, the flow rates of operational stocks, etc.  

Proceeding from the general conditions and laws of distribution of underground geothermal waters 
and the brines containing rare elements, and also in view of experiences from using such waters as 
hydro-mineral raw materials in Russia and abroad, the following limits of concentration of elements at 
which waters represent industrial interest are established (mg / l): iodine - 10, lithium - 10, cesium - 
0.5, germanium - 0.5, bromine - 200, rubidium - 3, strontium - 300. (Bondarenko, 1999). 

Even before World War II, other countries—in particular the USA—developed the technology of 
extracting from hydro-minerals one of its components - lithium. In 70 years, about 85 percent of the 
world extraction of this metal was carried out in such a way. (Kogan and Nazvanova, 1974). 

In Japan I, Br, B, Li, As, Ge, W and a number of mineral salts are commercially extracted from 
underground brines. In Israel carnallite, bromine, chlorides of magnesium and calcium, and raw 
materials for manufacturing medical products and perfumes are extracted and produced from Dead 
Sea brines.  

In 80 years it was  received 30% of the world extraction of lithium, 31% - cesium, 8% - boron, 5% - 
rubidium, and also in significant scales Ca, Mg, Na, K, S, Cl, U, Ra, Cu from hydro-mineral raw 
material. (Bondarenko, 1999). (Table 2, 3). 

 

Table 2. Extraction of rare elements and mineral salts from hydromineral raw material (during a year) 

PRODUCTION COMMON (thousand tons) FROM HYDROMINERAL RAW 
MATERIAL/ 
% - part of common 

NaCl 

KCl 

soda 

Na2SO4 

CaCl2 

B2O3 

Br 

120000 

16000 

35000 

4600 

2700 

1000 

350 

36000/30 

1400/9 

3500/10 

1400/30 

600/22 

250/25 

320/90 
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Mg 

Li 

I 

200 

40 

15 

50/25 

17/30 

13/85 

 
Table 3. The elements under development by industry for extraction from hydromineral raw material 

 COMMON EXTRACTION (tons) FROM HYDROMINERAL RAW 
MATERIAL 

Fe 

Cu 

Zn 

Pb 

U 

W 

Sr 

Ag 

Hg 

Ge 

Cs 

Rb 

D2O 

4.1x108 

6.0x106 

5.0x106 

2.3x106 

3.8x104 

4.3x104 

5.8x104 

1.0x104 

4.3x103 

1.0x102 

n x 10 

n x 10 

- 

+ 

++ 

++ 

+ 

++ 

++ 

+ 

++ 

+ Technological testing 

++ Projects of extractions 

 

Huge stocks of rare-metal raw materials remain in geothermal underground waters in the territories of 
Russia and the former USSR. They contain over 55% of the common  stocks of lithium, 40% of 
rubidium and 35% of cesium (Kremenetsky et al., 1999). 

Thermal waters with high mineralization are located in the greater territory of Russia and the former 
USSR. They are known in almost all areas. Brines with mineralization higher than 200 g/l are known 
in Perm and Kujbishev areas, Tatarstan, Moscow, Ryazan and other central areas. In Moscow, for 
example, at a depth of 1650 m we find chloride brines with mineralizations of 274 g/l. In Western and 
Eastern Siberia, there are large deposits of brines with high temperatures. Some deposits have 
mineralizations of 400-600 g/l. There are many thermal brines in Central Asia, Kazakhstan, the 
Ukraine, Kamchatka, Kuriles, and Sakhalin. (Shcherbakov, 1985; Resources …, 1985; Kurbanov, 
2001). 

There are chemical elements which can only be taken from underground waters. So iodine is extracted 
from brines since iodine dissolves well and iodine does not collect in rocks. Iodine concentrates in 
seaweed but to extract this seaweed as industrial raw material is effectively only in large amounts. 
Bromine can be extracted from some salts and seaweed, but bromine also is extracted from super-
strong chloride brines (Antipov et al., 1998). (Table 4). 
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Table 4. The limits of minimal industrial concentrations of I and Br(mg/l)for mineral water deposits in 
Russia 

TYPE I Br 

I 

Br 

I+Br 

16-44 

- 

10-40 

- 

492-4700 

350-1650 

 

The significant part of deposits of thermal waters represents the brines containing from 35 up to 400 
and more g/l of salts. They are mineral raw material on many chemical elements. Many brines which 
are taking place on the big depth, can become deposits of the most valuable chemical elements: 
cesium, boron, strontium, tantalum, magnesium, calcium, tungsten etc. (Table 5,6,7). 

 

Table 5. Concentrations of some rare elements in brines of Russian platform (mg/l) 

WATER TYPE MINERALIZATION 
(g/l) 

Cs Rb Sr B 

Cl-Ca-Na 

 

Cl-Na-Ca 

35-75 

75-150 

150-340 

340-430 

0.1-0.4 

0.2-0.4 

0.2-1.0 

1.0-2.0 

0.1-0.5 

0.3-1.5 

1.0-3.0 

3.0-20.0 

50-150 

100-400 

100-300 

900-3000 

5-30 

10-40 

5-30 

90-100 

 

Table 6. Middle concentrations of rare elements in water-bearing complexes of Azov-Kuban and 
Eastern Pre-Caucasus basins (mg/l) 

Water-bearing 
complex 

Rare metals I B Br Sr 

Azov-Kuban Basin 

The Jura 

Low Cretaceous 

19 

5 

19 (max 68) 

13 

29 

32 

122 

60 

158 

81 

Eastern Pre-Caucasus Basin 

The Jura 

Low Cretaceous 

43 

30 

12 

14 

5 

91 

54 

173 

500 

33 

 

Table 7. Composition of valuable components in industrial waters of large artesian basins 

Typical basins of underground industrial waters Elements 
Volga-Pre-Caucasus 

Volga-Kama 

Tungus 

I, Br, Sr, Cs, B, Rb 

I, Br, Sr, B, Rb 

Br, Sr, B, Rb, Cs 
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Angara-Lena, Mangishlak-Ustyurt, Pechora, Dnepr-
Donetzk 

Moscow 

Pre-Baltic 

Western-Turkmenistan, Kurinsko-Apsheronsky 

Western-Siberian, Sakhalin 

Br, Sr, B, Rb 

Br, Sr 

Br, Sr 

I, Br, Sr 

I, Br 

 

Under the cheap technological circuit from natural solutions, it is possible to extract iodine, bromine, 
boron, chloride salts of ammonium, potassium, sodium, calcium, magnesium. Extraction of other 
chemical elements is complicated because of the expense of the technology. A possible method is 
using ion-exchange pitches for the selective extraction of certain components from natural waters.  

Work at some Russian scientific institutes allows the creation of processes for chemical processing of 
hydro-mineral raw materials and increase economic applications. Many laboratory and natural tests on 
extracting valuable components from thermal waters confirm the  need and offer opportunities for the 
complex use of this nonconventional raw material. 

Russia plans to recover I, Br, KCl, CaCl, NaCl from brines in Yaroslavl area. New methods of 
mineral- and valuable-elements extraction from industrial solutions are developed on the basis of bio-
sorbent uses. 

 

4. CONCLUSION 
Depending on the structures and properties of thermal waters, it is possible to allocate two basic 
directions of use of geothermal resources: heat power and mineral extraction. 

The heat-power direction is the basis for fresh- and low-mineralized waters when valuable 
components in industrial concentration almost are absent. The general mineralization does not 
interfere with normal operations of the system. When waters with high potentials are characterized by 
the raised mineralization and propensity to scaling, recycling mineral components should be 
considered as the process promoting the effective use of the heat supply. 

The mineral-extraction direction is taken for geothermal waters containing valuable components in 
industrial quantities. Thus the substantiation of industrial concentrations is caused by the level of 
technology. For such waters, the heat is a passing product whose use can raise process efficiency and 
save fuel. 

In designing such systems, the allocation of valuable components should dominate. Calculations show 
the complex use of thermal waters in a mineral-extraction direction is more effective economically 
than for heat power. The choice of a direction for the complex use of thermal waters should be defined 
not only by their structures and properties, but also by the levels of development of complex 
technological processes for extracting and processing hydro-mineral raw materials and by the 
technology used for heat-power processes. But the presence of consumers and their needs for thermal 
water play the main roles. 
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Abstract 
The substantiation of principles of formation of recommended norms of a food of professional 
sportsmen of Uzbekistan in the conditions of a hot climate and a comparative estimation of changes of 
biological value of food allowances after their correction is given. 

The expediency of calculation differentiated on kinds of sports norms of a food by a method of mega 
calories taking into account ultrahigh energy consumption of sportsmen in trainings and competitions 
is shown. Norms of a food of professional sportsmen of Uzbekistan on the basis of use of a local 
foodstuff are recommended. Enrichment of food allowances of sportsmen by local vegetative products 
is established, that, low fat  grades of dairy and meat products has allowed to raise the general 
biological value of food allowances from 72-78 % to 88-90 %; thus there were unattainable 
physiological requirements of some biologically important nutrients (vitamin C, selenium, lysine, 
threonine).  

Key words: energy consumption of sportsmen, biological value of the ration of the nutrition of 
sportsmen: actual necessity.   

 

In works of many foreign and home researchers doubtless communication of achievements in sport 
with high biological value of food allowances of sportsmen  is proved [1, 2, 3]. On the basis of the 
researches spent by us on studying of energy consumption and the analysis of an actual food of 
professional sportsmen [4,5] was a task in view on rationalization of a food by strengthening of 
biological influence to organism of sportsmen at the expense of use of national dishes and local food 
resources. The substantiation of norms of a food of professional sportsmen of Uzbekistan and 
comparative estimation of changes of biological value of food allowances after their correction was 
the purpose of the given stage of researches. 

 

MATERIAL AND METHODS OF RESEARCHES 

Calculation of necessary quantity of food substances in a food allowance of professional sportsmen is 
spent by us a method of mega calories taking into account size of actual energy consumption of 
sportsmen who are engaged in athletics and weightlifting, different kinds of fight, cycling, swimming 
and game kinds of sports. It is known, that biological value of diets characterizes strength of biological 
influence to a live organism and develops of the sum of biological value of fibers, lipids, vitamins, 
biomicrocells and other biologically active substances [7]. Estimation of biological value of diets is 
spent by us on the basis of a settlement method with definition of the absolute maintenance in diets of 
biologically active substances. The general biological value of diets (BVD) counted by methods of  
A.S.Hudayberganov, R.R.Usmanhodzhaev (1992) [6]. 
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RESULTS OF RESEARCHES AND THEIR DISCUSSION. 

As initial material for definition of necessary daily average power value of food allowances of 
sportsmen results of studying of their daily average energy consumption which have shown served, 
that for the period of trainings and competitions in the conditions of a hot climate for sportsmen of 
Uzbekistan are characteristic ultrahigh energy consumption, fluctuating, depending on sports kind, 
from 6300 to 7700 kcal a day, in summer-autumn  season of year. For definition of necessary 
quantities of the basic food substances in food allowance structure at ultrahigh energy consumption, 
the system of mega calories is used. On the given system we establish necessary daily average 
quantities of food substances for various kinds of professional sports. Daily average energy 
consumption of professional sportsmen - volleyball players, basketball players, water polo, a handball, 
have no authentic differences, except as on a floor in this connection daily average norms of a food for 
the given kinds of sports are shown in uniform group (tab. 1). 

Table 1 

Daily average norms of consumption of the basic food substances (g/mega calorie) for professional 
sportsmen, in summer-autumn period M m 

 

Sports kind Kcal Fibers the 
general 

Fats the 
general 

Carbohydrate, 
g 

 Run of 2000 m with lope, 3000 m with lope, 
5000 m, a marathon, sports walking of 5 km, a 
semi marathon 

7800.0±28,0 

7400±32,0 

23,6±2,7 

22,4±2,5 

21,1±2,3 

20,0±1,6 

56,9±4 

54,0±2 

 Run of 100- 200 m, 110 m with barrier; 400 m, 
400 m with barrier; Run of 800 m, 1500 m., 
heptathlon, decathlon 

7500.0±25,0 

6900±23,0 

22,7±2,6 

20,9±1,8 

20,2±1,7 

18,6±1,4 

54,7±3 

50,3±2 

 High jumps, length, a threefold jump, art 
gymnastics, a springboard, acrobatics, tennis, 
shooting from arc and the sports weapon, 
fencing; a throwing of a disk, a hammer, a kernel, 
a spear 

7000.0±25,0 

6700±22,0 

21,2±2,5 

20,3±1,7 

18,9±1,5 

18,1±1,2 

51,0±3 

48,9±2 

Weightlifting, struggle - kurash, free-style 
wrestling, a judo, turon, the Roman struggle, 
karate, sambo-wrestling, boxing and other kinds 
of single combat 

7169,0±20,0 

6844,0±20,0 

21,7±2,4 

20,7±1,8 

19,3±1,6 

18,5±1,3 

52,3±3 

49,9±2 

Cycling 7300,0±22,0 

6800,0±20,0 

22,1±2,5 

20,6±1,7 

19,7±1,8 

18,3±1,3 

53,2±3 

49,6±2 

Football 

 
7100,0±23,0 21,5±2,3 19,1±1,5 51,8±3 

 Other game kinds (volleyball, basketball, water 
polo, a handball) 

7000±22,0 

6700±20,0 

21,2±2,2 

20,3±1,5 

18,9±1,3 

18,1±1,2 

51,0±3 

48,9±2 

The note: in numerator - men; in a denominator - women 

 

By working out of daily average recommended norms of a set of products for separate professional 
and sexual age groups, after an establishment of daily average requirements for energy and food 
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substances, pass to the second stage - to formation of daily average norms of a set of products. One of 
the first requirements shown to structure of a set, is connected by satisfaction of requirements for fiber 
of an animal origin. In connection with their great value for an organism, formation of norms of a set 
of products is necessary for beginning with animal products: meat, dairy products and eggs. 
Considering necessity of restriction for food allowances of sportsmen of animal fats, for norms of a set 
of products by us are chosen low fat grades of dairy production and meat products. The important part 
of definition of a set of products is calculation of necessary quantity of bread and bakeries. The given 
group of products provides the basic share of fibers of a phytogenesis (to 80 %) and is the major 
source of carbohydrates in daily food allowances of sportsmen (to 50 %). With a view of maintenance 
of an organism of sportsmen with high-grade fibers, mineral substances and vitamins in norms of a 
food, except bread and bakeries, us are included also bean, made in Uzbekistan (mung bean, peas, a 
string bean, kidney beans, green peas). Extremely important role in a food of sportsmen is carried out 
by vegetables and fruit. Not bringing the essential contribution to satisfaction of requirements for 
fibers and fats, and providing only small share of requirement for carbohydrates, they are metabolism 
regulators, sources of vitamins, mineral substances and food fibers. In this connection in norms of a 
food of sportsmen we include all regional kinds of vegetables, fruit, greens and melons and gourds. 
Taking into account the specified principles we develop norms of a food and necessary structure of 
foodstuff for professional sportsmen who are presented in standard documents of  the Rep.Uz 
(Sanitary norms and rules №№ 0126-01; 0140-03; 0139-03). In connection with special value of 
biological value of products and dishes for maintenance of adaptable processes in an organism of 
sportsmen and maintenance of their health at high level, we spent an estimation of biological value of 
food allowances of sportsmen before the spent correction. For the comparative characteristic of the 
general changes of a diet on the actual and changed background of a food, as an example, in table 2 
indicators of biological value of food allowances of athletes are presented to the cold period of year. 
The data cited in table 2 testify that change of a background of a food was a little reflected in power 
value of diets, however has allowed to increase authentically in them quantity of fiber, and also variety 
of very important biologically active substances: vitamins A, With, D, In 12, pholasin. The corrected 
diets were enriched macro-and microcells since in them the maintenance of iron has authentically 
increased, selenium, potassium, calcium, phosphorus, magnesium, zinc. The quantity sterins, UFA, 
choline, phospholipids, and also variety of amino acids, fatty tissues  and pectins has authentically 
increased also.  

Table 2 

Comparative estimation of the general biological full value of daily average food allowances of 
athletes, M m 

 

The name of biological active substances On the changed background 
of nutrition* 

On an actual background 
of nutrition* Р 

 Power value (kcal/days)  
7800,0±28,0 

7400±32,0 

7610,0±34,0 

7420,0±33,0 

< 0,05 

> 0,05 

Fibers the general, g 
257,4±12,0 

244,2±11,0 

200,5±12,0 

192,2±10,0 

< 0,01 

< 0,01 

Fibers animals, g 
142,0±10,0 

134,6±8,0 

110,0±10,0 

112,5±9,0 

< 0,05 

> 0,05 

Fats the general, g 
288,6±14,0 

273,8±13,0 

264,1±11,0 

261,1±10,0 

> 0,05 

> 0,05 
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The name of biological active substances On the changed background 
of nutrition* 

On an actual background 
of nutrition* Р 

Fats vegetative, g 
72,5±4,0 

68,8±4,0 

61,4±5,0 

56,7±5,0 

> 0,05 

= 0,05 

Carbohydrates, g 
1068,6±16 

1013,8±15 

1108,7±15 

1075,3±16 

> 0,05 

> 0,05 

Parity P:F:C 
1:1,1:4,1 

1:1,1:4,1 

1:1,2:4,9 

1:1,2:4,9 

 

Vitamin А, мkg/ekv 
125025 

112022 

101022 

92024 

< 0,01 

< 0,01 

Carotinoid, мg 
4,80,06 

4,60,05 

4,40,06 

4,20,05 

< 0,05 

< 0,01 

Vitamin С, мg 
146,06,0 

138,05,0 

131,05,0 

122,04,0 

= 0,05 

< 0,05 

Vitamin Е, мg 
18,00,5 

17,50,5 

17,10,4 

16,10,4 

>  0,05 

> 0,05 

Vitamin Д, мg 
2,50,1 

2,40,1 

2,10,1 

2,00,1 

< 0,05 

< 0,05 

Vitamin В1,мg 
4,40,2 

4,30,2 

4,30,2 

4,20,2 

> 0,05 

> 0,05 

Vitamin В2, мg 
5,40,3 

5,30,3 

5,10,3 

5,00,2 

> 0,05 

> 0,05 

Vitamin В6, мg 
5,40,4 

5,30,4 

4,10,2 

4,00,2 

> 0,05 

> 0,05 

Vitamin В9 (pholasin) 
0,60,04 

0,50,03 

0,20,02 

0,20,03 

< 0,01 

< 0,01 

Niasin, мg/ekv 
51,40,7 

50,60,6 

51,60,5 

51,00,4 

> 0,05 

> 0,05 

Vitamin, В12, мkg 
3,00,1 

3,00,2 

2,20,1 

2,00,2 

< 0,01 

< 0,01 

Iron, mg 

 

16,00,2 

15,50,2 

12,00,2 

11,10,2 

< 0,01 

< 0,01 

Iodine, mg  

 

0,140,02 

0,140,02 

0,110,02 

0,100,02 

> 0,05 

> 0,05 
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The name of biological active substances On the changed background 
of nutrition* 

On an actual background 
of nutrition* Р 

Selenium, mkg 

 

235,03,0 

345,02,5 

200,03,0 

225,02,0 

< 0,01 

< 0,01 

Potassium, мg 
520045 

515035 

410040 

405030 

< 0,01 

< 0,01 

Calcium, mg 

 

112020 

110022 

94022 

91020 

< 0,05 

< 0,01 

Phosphorus, mg 

 

154030 

151025 

122023 

110020 

< 0,01 

< 0,01 

Magnesium, mg 

 

53020 

52025 

41015 

40212 

< 0,01 

< 0,01 

Cytosterin мg 
135,03,0 

132,02,5 

123,02,0 

111,02,0 

< 0,05 

< 0,01 

Zink, мg 
16,00,2 

15,60,3 

15,00,2 

13,40,3 

< 0,05 

< 0,01 

UFA, g 
6,10,2 

6,00,2 

4,00,2 

3,60,2 

< 0,01 

< 0,01 

Choline, мg 
85020 

84421 

64018 

52414 

< 0,01 

< 0,01 

Phospholipids g 
5,10,2 

5,00,2 

4,00,2 

3,30,2 

< 0,05 

< 0,01 

Leucinee, g 
4,70,1 

4,30,1 

4,20,1 

4,10,1 

< 0,05 

   > 
0,05 

Lisine, g 
5,20,1 

5,10,1 

4,00,1 

3,90,1 

< 0,01 

< 0,01 

Isoleucine, g 
4,40,1 

4,30,1 

4,30,1 

4,20,1 

> 0,05 

> 0,05 

Tryptophan, g 
1,20,02 

1,20,02 

1,00,02 

1,10,02 

> 0,05 

> 0,05 

Threonine, g 
2,60,1 

2,50,1 

1,80,1 

1,70,1 

> 0,05 

> 0,05 

Valine, g 
4,60,1 

4,50,2 

4,60,1 

4,40,2 

> 0,05 

> 0,05 
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The name of biological active substances On the changed background 
of nutrition* 

On an actual background 
of nutrition* Р 

Histidine, g 
2,50,06 

2,50,07 

2,00,06 

2,00,07 

< 0,01 

< 0,01 

Methionine, g 

 

4,40,05 

4,20,04 

3,70,05 

3,10,04 

< 0,01 

< 0,01 

Phenilanin, g 
4,60,1 

4,50,2 

4,00,1 

3,60,2 

< 0,01 

< 0,01 

Fatty tissue, г 
33,00,7 

30,00,8 

23,00,6 

21,00,6 

< 0,01 

< 0,01 

Pektine, g 
4,00,1 

3,70,2 

3,00,1 

3,00,2 

< 0,01 

< 0,01 

The general biological value of diets, in %. 
88,71,5 

88,51,3 

72,51,1 

70,81,0 

< 0,01 

< 0,01 

*Note: in numerator - men; in a denominator - women 

 

Equation of food substances on the changed background of a food has reached an optimum level. So, 
if on an actual background of a food equation of food substances made 1:1.2:4.9 in a winter-spring 
season and 1:1.2:5.2 in  summer-autumn season on the changed background the given indicator has 
made 1:1.1:4.1 in all seasons. Relative density of fibers of an animal origin on the changed 
background of a food on the average has increased by 25 % in comparison with an actual background 
of a food, vegetative fats - on 15 %. The general biological value of diets has increased during the 
winter-spring period on 16,2 17,7 %, and during the summer-autumn period - on 14,5 15,9 % (tab. 3). 
The comparative estimation of structural structure of biologically active substances and biological 
value of daily average food allowances of professional sportsmen on actual and changed backgrounds 
of a food by all kinds of sports has shown, that there are bases to speak about efficiency of the spent 
correction of a food of professional sportsmen.  Increase of the general biological value of daily 
average food allowances is reached thanks to increase in diets of sources of vitamins C, A, D, В6, В9, 
В12, irreplaceable amino acids (leucine, lisine, methionine) and iron (at the expense of fish, a liver, 
sour-milk products), fatty tissues, pectin and betakarotidins (at the expense of vegetables, melons and 
gourds, pumpkins, fruit and greens), potassium, calcium, phosphorus and magnesium (at the expense 
of bean, dairy production and dried fruits),sitosterins, choline and phospholipids (at the expense of 
vegetable oils and bean). At the same time, it is necessary to notice, that at the expense of natural 
products the quantity of vitamin C, selenium, amino acids leucinee and threonine (tab. 4), which 
quantity still in 1,3 - 2,2 times below requirements of an organism of sportsmen is not reached 
necessary for an organism of sportsmen. It testifies to necessity of continuation of search of ways of 
perfection of a food of sportsmen. 
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Table 3 

Comparative estimation of the general biological value daily average food allowances of sportsmen by 
various kinds of sports on  actual and changed background of a  food, %, M m  

Sport kinds 

General biological value of diets% 

On the changed 
background of 

nutrition* 

On an actual 
background of 

nutrition* 
Р 

Run of 2000 m with lope, 3000 m with lope, 5000 m, a marathon, 
sports walking of 5 km, a semi marathon 

89,11,0 

88,81,0 

74,61,1 

72,91,1 

<0,01 

<0,01 

Run of 100 200 m, 110 m with barrier; 400 m, 400 m with barrier; 
Run of 800 m, 1500 m., heptathlon, decathlon 

88,71,1 

87,81,0 

74,11,0 

72,21,1 

<0,01 

<0,01 

High jumps, length, a threefold jump, art gymnastics, a springbo-
ard, acrobatics, tennis, shooting from onions and the sports wea-
pon, fencing; a throwing of a disk, a hammer, a kernel, a spear 

89,81,0 

89,11,0 

73,61,0 

72,71,1 

<0,01 

<0,01 

Weightlifting, struggle - kurash, free-style wrestling, a judo, turon, 
the Roman struggle, karate, sambo-wrestling, boxing and other 
kinds of single combat 

89,91,1 

89,21,0 

72,41,2 

71,81,1 

<0,01 

<0,01 

Cycling 
89,61,0 

88,91,0 

74,61,3 

72,91,1 

<0,01 

<0,01 

Football 90,21,2 75,21,1 <0,01 

Other game kinds (volleyball, basketball, water polo, a handball) 
89,11,0 

88,81,0 

74,61,1 

72,91,1 

<0,01 

<0,01 

*Note: in numerator - men; in a denominator - women 

Table 4 

Biologically active substances, which quantity has not reached level of requirements of sportsmen on 
the changed background of a food, M m 

 

Sports kinds 

 

Vit С, мg Selenium, мkg Leucine mg Threonine, мg 

А* Б* А Б А Б А Б 

Run of 2000 m with lope, 
3000 m with lope, 5000 m, a 
marathon, sports walking of 5 
km, a semimarathon 

 

148,0 

142,0 

195,0 

185,0 

238,03,0 

348,02,5 

550 

540 

4,70,1 

4,30,1 

6,8 

6,5 

2,80,1 

2,30,1 

3,8 

3,5 
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Run of 100 200 m, 110 m 
with barrier; 400 m, 400 m 
with barrier; run of 800 m, 
1500 m., heptathlon, 
decathlon 

 

145,0 

140,0 

187,5 

172,5 

230,02,0 

335,02,4 

525 

515 

4,50,1 

4,10,1 

6,5 

6,3 

2,60,1 

2,40,1 

3,5 

3,3 

High jumps, length, a 
threefold jump, art 
gymnastics, a springboard, 
acrobatics, tennis, shooting 
from onions and the sports 
weapon, fencing; a throwing 
of a disk, a hammer, a kernel, 
a spear  

156,0 

152,0 

175,0 

167,5 

230,02,2 

330,02,0 

520 

510 

4,40,1 

4,00,1 

6,4 

6,1 

2,50,1 

2,30,1 

3,5 

3,1 

Weightlifting, struggle - 
kurash, free-style wrestling, a 
judo, turon, the Roman 
struggle, karate, sambo-
wrestling, boxing and other 
kinds of single combat 

158,0 

156,0 

177,5 

170,0 

240,02,0 

345,02,2 

520 

515 

4,50,1 

4,20,1 

6,5 

6,3 

2,60,1 

2,40,1 

3,5 

3,3 

Cycling 

 

156,0 

152,0 

182,5 

170,0 

230,02,0 

335,02,3 

525 

515 

4,70,1 

4,40,1 

6,5 

6,3 

2,60,1 

2,40,1 

3,5 

3,3 

Football 

 
160,0 177,5 235,01,8 520 4,70,1 6,5 2,60,1 3,5 

 Other game kinds 
(volleyball, basketball, water 
polo, a handball) 

 

158,0 

154,0 

175,0 

167,5 

237,02,2 

318,02,0 

520 

510 

4,70,1 

4,30,1 

6,4 

6,1 

2,50,1 

2,30,1 

3,5 

3,1 

*А- state-of-the-art level in diets, B-daily average requirement; in numerator - men, in a denominator - 
women. 

 

CONCLUSIONS: 
1. Taking into account that for professional sportsmen of Uzbekistan in competitions and trainings in 
conditions of a hot climate are characteristic ultrahigh energy consumption, calculation of 
physiological norms of their food is expedient for spending a method of mega calories. 

2. The size energy consumption professional sportsmen fluctuates in wide limits (from 6300 to 7700 
kcal) depending on a kind of sports, a floor and level of professional skill in this connection 
physiological norms of a food of sportsmen should be differentiated by sports kinds 

3. Inclusion in structure of physiological norms of a food and, accordingly, - in a food allowance of 
sportsmen of vegetative products of local manufacture, low fat grades of dairy and meat products has 
allowed to raise essentially the maintenance in a food of sportsmen biologically valuable nutrients; the 
general biological value of food allowances has increased from 72-78 % to 88-90 %. 

4. Despite the general improvement of quality of a food of professional sportsmen at the expense of 
diet enrichment by local products, remains unattainable necessary level of a number nutrients (vitamin 
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C, selenium, leucine, threonine), that is dictated by necessity of the further search of natural sources of 
biologically valuable food substances for increase of full value of a food of professional sportsmen 
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Abstract 
The experiment was carried out in 2009-2010 in the biological farm at the Agroecological Centre at 
the Agricultural University - Plovdiv. The research included pepper of the variety “Kurtovska Kapia 
1619”, as the following biofertilizers were tested: Bio Оne and Baikal EM-1Y, applied on two 
backgrounds, namely: Boneprot (Arkobaleno) and Lumbrical (Biohumus), approved by the Certifying 
Body”Balkan Biocert” LTD. The aim of the study was to examine the impact of organic manures on 
the productivity of the pepper cultivated under the conditions of biological production. All 
biofertilizers included into the study increased the yield from 20.6% to 54.02 % in comparison with 
the unmanured control. The application of biofertilizers as a background and as feed lead to the 
decrease in the non-standard yield by an average of 3.4%.  

Key words: Capsicum annuum, organic agriculture, biofertilizers, yield, quality 

 

1. INTRODUCTION 

Organic farming is an approach to agriculture in which the aim is to create integrated, environmentally 
and economically sustainable agricultural production systems (Stacey, 2003). Baswana and Rana 
(2007) reported that organic farming promotes and enhances agro-ecosystem health including 
biodiversity, biological cycle and soil biological activities. It is important that organically raised crops 
are highly nutritional, possessing better sensory taste and high in functional property.  

In organic farming systems, the use of organic fertilizer and microbial inoculants of biofertiliser 
represents a sustainable alternative to high inputs of chemical fertilizers used in the conventional 
production systems Constantino at al. (2008). So, there is a need to conserve the soil through organic 
farming as an alternative to the present agricultural strategy. Farmers committed to organic farming do 
not use synthetic fertilizers and pesticides and aim at keeping a closed nutrient cycle (Srivastava et al. 
(2007). 

Scientific works define organic agriculture as one of the fastest growing fields of agriculture 
worldwide in recent decades (Djhabarova, 2004; Panajotov et al. 2007; Svobodkov, 2002).  

The demand for organic products is growing on a worldwide scale, thus providing Bulgarian farmers 
with the opportunity to supply the EU and external markets with high quality organic products for 
reasons of biodiversity and little human intervention in the fields with harmful techniques. (Karova, 
2010) 

Кarov et al., (1997) specify that organic agriculture is a new and perspective field for Bulgaria. Its 
main objective is the production of high quality products under conditions minimizing the harmful 
environmental impact and damages. The care for environmental protection and the protection of the 
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consumption of food safe for human health are the basic factors for expanding biological production 
on a worldwide scale (Bencheva and Djabarova, 2006). 

Dincheva at al., (2008 a) state that vegetable production must be directed not only towards obtaining 
maximum yield, but also towards the optimization of the fertilization systems in order to ensure the 
stable ecological environment, economic production and ecologically clean products. In recent three 
decades, the interest in organic fertilization in countries with developed agriculture has increased and 
become especially topical (Rankov et al., 1992; Blagova, 2003). The use of bio products for plant 
protection is an alternative to the application of chemicals in agriculture (Lecheva and Karova, 2009) 
and fertilization (Dincheva et al., 2008 a; Tringovska, 2004; Todorova and Petkova, 2007; Wu, et al., 
2004).  

Tringovska, (2005) points out that biofertilizers are an environmentally friendly solution for 
establishing a suitable nutritional regime of vegetable cultures when cultivated under the conditions of 
organic agriculture. These fertilizers have been created for the purpose of being useful within an 
agroecosystem, but also for the purpose of protecting the environment for the future generations. 
Berova and Karanatsidis, (2008) reported that a number of authors consider that organic production 
gives lower yield when we have aubergine, carrots and potatoes, as at the same time the harvest is 
characterized by better taste qualities compared to the one obtained through conventional production.  

Biofertilizers, in combination with organic manures, are found as effective component in organic 
farming for reliable and cheap supply of nutrients. These combinations were ecologically safe and 
improve soil fertility by improving the soil physical, chemical, and biological condition (Kalidasu et 
al.,2008). Baqual and Das (2006) report that biofertilizers enriched with bacteria and fungi have 
proven to be of importance for the improvement of the yield and quality of various agricultural crops. 
Ghoname and Shafeek (2005) publish that many authors have investigated that biofertilizer affected 
plant growth and the total yield of potato plants.  

Dimitrov (2001) states that the biofertilizer from the Californian red worms (Eisenia foetida and 
Lubricus rubellus) increases the potato yield by 40-70%, the yield of vegetables - by 30%, the corn 
yield - by 30 to 50%, and the wheat yield - by 30%. Under the conditions of organic agriculture, the 
use of Lumbrical obtained from the Californian earthworm (Lumbricus rubellus) increases the yield of 
pepper of the variety of Buketen 50 (Berova and Karanatsidis, 2008). 

Dincheva et al. (2008 b ) have examined the effect of influence of biofertilizers for two variety types 
of green pepper, namely: Kurtovska Kapia 1619 and Zlaten Medal 7, and have discovered that the 
yield of both variety types is the highest after fertilization with Humustim by an average of 35%, 
followed by a variant of introducing Biohumus by an average of 29%. The introduction of the 
Biohumus on a nest principle upon plantation by 200ml/plant results in the formation of a higher yield 
comparing to greenhouse tomatoes compared to the control (Tringovska and Kanazirska, 2003). 
Szafirowska and Elkner (2008) reported that emphasize on the positive influence of organic fertilizers 
on pepper and tomato yield. The same authors indicate that according to Buczkowska (2005) organic 
fertilization may increase the yield of sweet pepper by 30-40%. 

Pepper is recognized as one of the best vegetable sources for human health beneficial components. 
The composition and concentration of them may vary in dependence on weather and growing 
conditions, such as the way of fertilization, nutrient accessibility, soil complex and human content etc. 
(Szafirowska and Elkner (2008). Salami (2002) and Narayan et al. (2009) reported that pepper contain 
a number of nutritionally important compounds like vitamin C and other mineral nutrients.   

There is a constantly growing demand for vegetables of high ecological value. In our country sweet 
pepper is one of the most competitive vegetables intended for fresh consumption (Cholakov at al., 
1996), as it is the second most important vegetable culture with respect to the production volume and 
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covered area. That’s why it is necessary to make more detailed and purposeful studies on the effect of 
influence of biofertilizers on the quality of the obtained yield. 

PURPOSE 

The purpose of this study is to establish the influence of biofertilizers on the productivity and quality 
of pepper, variety of Kurtovska Kapia 1619. 

 

2. MATERIALS AND METHODS 

The experiment was carried out in 2009-2010 in the biological farm at the Agroecological Centre at 
the Agricultural University- Plovdiv, on alluvial-meadow soil. 

In order to establish the effect of biofertilizers on the yield and quality of the pepper products, the 
following variants were included into the study: 

Variants: 
i. Control- (unmanured) 

ii. Boneprot Background - (optimum concentration) 
iii. Boneprot Background - (50 %) + soil processed with Baikal EM-1Y 
iv. Boneprot Background - (50 %) + soil processed with BioОne 
v. Lumbrical Background - (optimum concentration) 

vi. Lumbrical Background - (50 %) + soil processed with Baikal EM-1Y 
vii. Lumbrical Background - (50 %) + soil processed with BioОne  

Two backgrounds were used, namely: Boneprot and Lumbrical, imported into the soil via 
incorporation before planting the plants, in two concentrations – optimum and reduced by fifty 
percent. The optimum concentration for the Boneprot background corresponded to 70 kg/da, and the 
optimum concentration for the Lumbrical background was 400 l/da. 

During the vegetation, biofertilizers were introduced as soil feed into the following concentrations: 
Baikal EM-1Y in concentration of 1:1000, and Bio Оne - 165 ml/da at the flowed bud stage. 

2.1. Characteristics of the biofertilizers included into the study 
The following biofertilizers were tested: BioОne and Baikal EM-1Y, applied on two backgrounds, 
namely: Boneprot (Arkobaleno) and Lumbrical (Biohumus), approved by the Certifying Body”Balkan 
Biocert” LTD. 

The tested biofertilizers were included into the List of bioproducts allowed by the Certifying Body for 
application in organic agriculture. 

Boneprot (Arkobaleno) (Italy) is pellet organic fertilizers, and has the composition (organic nitrogen 
(N)-4 5 %; phosphorus anhydride (P2 O5) total-3.5 %; potassium (K2O)- 3.5 %; calcium (CaO)-5-8 %; 
Magnesium (MgO)- 0.8-1 %; Organic carbon (C) of biological origin- 30 %; Humification rate (HR)-
10-13 %; Degree of humification (DH)- 40-42 %; Humification Index (HI)-1.3-1.4 %; Humidity-13-
15%; рН in water- 6-8. Boneprot is an entirely organic fertilizer consisting exclusively of Cattle 
manure. These materials are collected from farms which do not use antibiotics and are subject to 
controlled fermentation for a period of about one year. He is formed in the pelleted shape.  

Lumbrical (Biohumus) (Bulgaria) is a product obtained from the processing of natural fertilizer and 
other organic waste of the Californian red worms  (Lubricus rubellus and Eisenia foetida) and consists 
of their excrements. The commercial product has humidity of 45-55% and organic substance content 
of 45-50%. Ammonium nitrogen (NH4N)-33.0 ppm; nitrate nitrogen (NO3-N)-30.5 ppm; P2O5 and 
K2O- respectively 1410 ppm and 1910 ppm, MgO- 1.8%. It contains useful microflora 2.1012 pce/g, 
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humic and fulvic acids, nutritional substances and soil microflora up to 2х1012 pce/g. The product has 
acidity of 6.5-7.0 (pH in H2O).  

Bio One (USA) consists of living organisms and is 100% natural liquid concentrated microbiological 
product. Bacterial inoculation that includes two types of microorganisms - aerobic (Azotobacter 
vinelandii), and anaerobic (Clostridium pasteurianum). It is recommended for increasing the nitrogen 
fixation in the soil. It is applied in the soil. 

Baikal ЕМ 1-Y (Ukraine) includes the following: effective microorganisms, mixed cultures of useful 
microorganisms, which are antagonists with respect to the pathogenic and conditionally pathogenic 
microflora. This is a large group of microorganisms living under a regime of activity upon interaction 
with the nutritional environment, etc. Bacterial inoculation that includes Lactobacillus casei, 
Lactobacillus lactis, Phodopseudomonas palistris, and Sаccharomices cerevisiae. It is used for the 
activation of microbiological processes in the soil and for increasing of yields. 

2.2. Agrotechnology 

The variety included into the study was cultivated according to the technology for average early field 
production, in conformity with the principles of organic agriculture. 

Pepper is a very exacting culture regarding the predecessor. Very suitable predecessors for the pepper 
are the vegetable varieties from the Family Fabaceae and the Family Cucurbitaceae (Panajotov at al, 
2007). The requirement for the predecessor to be beans during the two vegetation years was observed.  

The alluvial-meadow soil has relatively soft and mechanical composition, as it is clay and sandy, 
containing 2.0% of humus (according to Turin), mineral nitrogen (NH4–N + NO3–N), determined via 
distillation – 1.8 mg/100 g of soil; mobile Р2О5 – 18.2 mg/100 g, and mobile К2О – 16.4 mg/100 g 
of soil (determined according to Egner-Ream), and soil reaction of pН/Н2О/-7.5- potenciometrically. 

The plants were cultivated from seedlings in a polyethylene greenhouse. The seedlings were planted at 
a permanent place during the third ten days of May, on a high and level seed bed, according to the 
scheme 100+60x15 cm. The experiment was worked out according to the method of long plots, into 
four repetitions, with a size of the test plot of 9.6 m2. 

Irrigation was carried out via a drop irrigation installation. 

2.3. Study Indicators 

2.3.1. Yield – standard, non-standard and total yield - kg/da. 

2.3.2. Production quality – biochemical analysis was carried out on an average sample of 20 fruits 
from each variant on the following: dry substance (weight), Vitamin C (according to Muri) and total 
sugars (according to Schoorl - Regenbogen) (Genadiev et al. 1969). 

2.4. Mathematical data processing - (Duncan, 1955)  

 

3. RESULTS AND DISCUSSION 

3.1. Yield 
For the period of the study the increase in the standard yield on the Boneprot background varied at an 
average rate from 20.6 % to 54.02 % (Fig. 1). It reached its lowest point during the independent 
fertilization on Boneprot - 1190.3 kg/da, as there was an increase by 20.6 % marked comparing to 
unmanured plants.  

The feed during the vegetation period lead to the additional increase in the yield, as it reached its 
highest point upon the fertilization with Baikal EM-1Y- 1520.7 kg/da, as the increase comparing to the 
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control was by 54.02 %.  The next biofertilizer according to its effect of influence was Bio Оne, where 
the yield was 1420.3 kg/da, which was 43.9 % higher than the control. These differences were 
statistically proven. The application of biofertilizers as a background and as feed lead to the decrease 
in the non-standard yield by an average of 3.4%. 

There were analogue results obtained upon the cultivation of plants on the Lumbrical background, 
where the additional feed with Baikal EM-1Y had the highest effect on the standard yield – 1480.7 
kg/da, followed by the variant fertilized with Bio Оne - 1363.7 kg/da, as the increase comparing to the 
unmanured plants was respectively by 49.9% and by 38.1%. The application of biofertilizers as a 
background and as feed lead to the increase in the non-standard yield by an average of 3.1%. 

 

Figure 1. Standard and Non-standard Yield 

 
a,b,c,d – Duncan’s Multiply Range Test, P<0.05 

 

The summarized results for the average standard yield from the two testing years showed that all 
biofertilizers included into the study increased the yield from 20.6% to 54.02 % comparing to the 
unmanured control. The independent application of the selected backgrounds lead to an increase in the 
standard yield, as the higher values of this specific indicator were established when using Lumbrical. 
The increase was by 28.5% in comparison with the control. 

In order to establish the influence of the backgrounds covered by the study, variants were included 
into the study, as the fertilizer norm of the backgrounds was in the optimum and reduced concentration 
with additional feed with biofertilizers. The highest values of the standard yield were reported for the 
variants with vegetation feed with Baikal EM-1Y applied on both backgrounds, as the increase 
comparing to the unmanured control was respectively by 49.9 % and 54.02%. The differences in the 
yields between these variants were insignificants and were not statistically proven. 

The results from the study carried out reported that the highest standard yields were obtained upon the 
combination of both backgrounds in reduced optimum fertilizer norms and added with vegetation feed 
for the biofertilizer Baikal EM-1Y.  
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We may draw the general conclusion that the one-way positive effect of influence on the quantity of 
the standard yield was due namely to the appropriate combination between the backgrounds and the 
biofertilizer applied, as there was a maximum established upon comparing both combinations, as this 
maximum was upon the application of the Boneprot background attributed to the richer content of the 
background. 

The highest value of the standard yield was reported upon cultivation the plants on the Boneprot 
background (50%) in combination with the vegetation feed with the biofertilizer Baikal EM-1Y- 
1520.7 kg/da, as the increase comparing to the control was by 54.02 %. 

We may draw the general conclusion that in case of a combination of a reduced fertilizer norm of the 
Boneprot background and biofertilizers, the standard yield was higher comparing to the one obtained 
upon the optimum introduction of a background. 

3.2. Yield Quality 
As a result of the chemical analysis it was established that the content of dry substance in the pepper 
fruits varied from 8.7 % to 10.6 %. (Fig. 2). Upon comparing both backgrounds, the higher values of 
this specific indicator were reported for those variants of the Boneprot background where they varied 
from 9.7 % to 10.6%. The highest one was the content of dry substance into the fruits of those plants 
fed with Baikal EM-1Y– 10.6 %, as the increase in the yield was the highest as well.  

Regarding the second background included into the study, the differences in the content of the dry 
substance between the different variants were insignificant, as no specific tendency was established.  

 

Figure 2. Biochemical Analysis of the Fruits 

 
The content of total sugars in the pepper fruits varied from 5.4 % to 6.2 %. Upon comparing both 
backgrounds, the highest values of this indicator were established for those plants fertilized with 
Boneprot, both upon its combined and independent introduction. The highest content was established 
for the variant fertilized with Boneprot (50%) in combination with the biofertilizer Baikal EM-1Y- 6.2 
%. The same tendency was also established on the Lumbrical background. The values of the indicator 
of total sugars remained stable with some slight variations, which proved that the biofertilizers 
covered by the study did not have any impact whatsoever on this specific indicator.  
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The biological value of the fruits of the variety of Kurtovska Kapia 1619 was determined to a great 
extent by the content of Vitamin C, as its values were within the interval from 165.1 % to 187.7%. The 
results were analogue to the results obtained regarding the content of dry substance. The values of 
Vitamin C in the fruits were higher in the cases of cultivating plants on the Boneprot background 
introduced in combination with Baikal EM-1Y and BioОne, as well as applied independently. 

 

CONCLUSIONS 

1. All biofertilizers included into the study increased the yield from 20.6% to 54.02 % in 
comparison with the unmanured control.  

2. The highest values of the standard yield were reported for those variants with vegetation feed 
with Baikal EM-1Y applied on both bakgrounds, as the increase comparing to the unmanured 
control was respectively by 49.9 % and by 54.02%. The differences in the yields between 
these variants were insignificant and were not statistically proven. 

3. The application of Baikal EM-1Y on both backgrounds included into the study had positive 
influence on the content of dry substance and Vitamin C in the pepper fruits, which was 
expressed better on the Boneprot background.  
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Abstract 
The experiment was carried out in 2009 in the biological farm at the Agroecological Centre at the 
Agricultural University- Plovdiv. The study included pepper of the variety “Kurtovska Kapia 1619”, 
as the following biofertilizers were tested: Boneprot (Arkobaleno), Lumbrical (Biohumus), Bio Оne 
and Baikal EM-1Y, approved by the Certifying Body”Balkan Biocert” LTD. The aim of this study was 
to establish the impact of the selected biofertilizers on the changes in the physiological indicators of 
pepper. The physiological researches were carried out on the last normally developed leaves of the 
test cultures with the help of the photosynthetic system LCA-4 (ADC, England), as the following were 
determined: rate of the net photosynthesis, intensity of the transpiration and stomatal conductance. All 
results obtained give grounds to make the conclusion that when the fertilizer rate is reduced by 50% 
and plants are additionally fed with biofertilizers, then the effect of influence on the leaf gas-exchange 
will be better comparing to the independent application of backgrounds only.                                      

Key words: pepper, organic agriculture, biofertilizers, photosynthesis, leaf gas-exchange 

 

1. INTRODUCTION 

The development of organic agriculture in many countries has been provoked by the increasing 
worldwide demand for clear products (Yancheva and Manolov, 2003). Organic farming is one of the 
most important elements in the Common Agricultural Policy of the European Union (Karova et al., 
2010). Organic agriculture as a new trend established in the 90’s of the XX c. has been deemed the 
alternative to conventional agriculture (Karov, 1998). 

The application of environmentally friendly technologies for the purpose of maintaining soil fertility 
requires the use of a new and different form of fertilization that is a “more natural” one (Tringovska, 
2005). Biofertilizers, more commonly known as microbial inoculants, include bacteria (Azotobacter), 
algae (Blue-green algae) and mycorrhizal fungi; they are natural, beneficial and ecological, and they 
provide nutrients for the plants and maintain soil structure (Saadatnia and Riahi, 2009). The use of 
biofertilizers, in combination with organic manures, offers a great opportunity for increasing the 
production of agricultural crops, as it also achieves sustainability. Biofertilizers are cheap, eco-
friendly, improve soil fertility and plant nutrition within a short period of time, and are effective 
components in organic farming. In recent years, biofertilizers have emerged as a promising component 
of integrating nutrient supply system in agriculture (Kalidasu at al., 2008; Shehata and El-Khawas, 
2003; Vermany, 2007).  

Photosynthesis and productivity of plants, which have influence on plant growth and development, are 
closely connected and dependent on various factors, including on fertilization. The photosynthetic 
device efficiency and plant yield are some of the basic assessment criteria for applied fertilization 
(Tringovska et al., 2005). 
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Regardless of the constantly increasing relative share of organic agriculture, scientific researches on 
the physiological reaction are limited. The main studies focus mostly on plant growth and 
development, and on the yield and quality of plant production (Altieri and Nicholls, 2003; Weiner, 
2003). Photosynthesis is the basic assimilation process in plants, thus necessitating its research under 
the conditions of organic agriculture. It has been established that at their early stages of growth and 
development, plants cultivated according to the biological method are characterized with lower rate of 
photosynthesis and transpiration comparing to those related to conventional agriculture. At the later 
stages of growth and development, however, photosynthesis and transpiration of plants from the 
organic agriculture significantly increase those in plants from conventional agriculture (Astaraei and 
Ivani, 2008). One explanation for this is the slower and continuous release of nutritional substances 
from organic fertilizers, and on the other hand - the development of rich rhizosphere microflora, which 
contributes to the release of mineral elements from the solid phase of the soil (Maggio et al., 2008; 
Kirchmann and Bergström, 2008).  

Berova and Karanatsidis (2008) have carried out studies under the conditions of organic agriculture 
and the influence of biofertilizer produced by the Californian earthworm (Lumbricus rubellus) on the 
functional activity of the photosynthetic device for two varieties of grinding pepper, and have 
established the greater rate of the new photosynthesis upon introducing 50 ml/plant (for the Bouquet 
variety), as the rate as a whole of the net photosynthesis is 33% higher comparing to the rate of 
controlled plants. These authors have managed to prove that the rate of net photosynthesis 
significantly increases when the organic –N fertilizer Emosan has been introduced into the soil. This 
same tendency has been also established by these authors in the intensity of transpiration (Karanatsidis 
and Berova, 2009). 

PURPOSE 

The purpose of the study is to establish the influence of biofertilizers on changes in physiological 
indicators upon the biological production of pepper. 

 

2. MATERIALS AND METHODS 

The experiment was carried out in 2009 in the biological farm at the Agroecological Centre at the 
Agricultural University- Plovdiv, on alluvial-meadow soil. 

In order to establish the effect of biofertilizers on the yield and quality of the pepper products, the 
following variants were included into the study: 

Variants: 
viii. Control - (unmanured) 

ix. Boneprot Background - (optimum concentration) 

x. Boneprot Background - (50 %) + soil processed with Baikal EM-1Y 

xi. Boneprot Background - (50 %) + soil processed with Bio Оne 

xii. Lumbrical Background - (optimum concentration) 

xiii. Lumbrical Background - (50 %) + soil processed with Baikal EM-1Y 

xiv. Lumbrical Background - (50 %) + soil processed with Bio Оne  

Two backgrounds were used, namely: Boneprot and Lumbrical, imported into the soil via 
incorporation before planting the plants, in two concentrations - optimum and reduced by fifty percent. 
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The optimum concentration for the Boneprot background corresponded to 70 kg/da, and the optimum 
concentration for the Lumbrical background was 400 l/da. 

During the vegetation, biofertilizers were introduced as soil feed into the following concentrations: 
Baikal EM-1Y in concentration of 1:1000, and BioОne - 165 ml/da at the flower bud stage. 

2.1. Materials 

Vegetable 

Pepper is an annual and belongs to the Genus Capsicum of Family Solanaceae. According to 
Cholakov and Todorov (2007) green pepper is the second most important vegetable culture in Bulgaria 
from an economic point of view.  

The research included pepper of the variety “Kurtovska Kapia 1619” used for average early and late 
field production. 

2.2. Characteristics of the biofertilizers included into the study 
The following biofertilizers were tested: Bio Оne and Baikal EM-1Y, applied on two backgrounds, 
namely: Boneprot (Arkobaleno) and Lumbrical (Biohumus), approved by the Certifying Body ”Balkan 
Biocert” LTD. 

The tested biofertilizers were included into the List of bioproducts allowed by the Certifying Body for 
application in organic agriculture. 

Boneprot (Arkobaleno) (Italy) is pellet organic fertilizers, and has the composition (organic nitrogen 
(N)-4 5 %; phosphorus anhydride (P2 O5) total-3.5 %; potassium (K2O)- 3.5 %; calcium (CaO)-5-8 %; 
Magnesium (MgO)- 0.8-1 %; Organic carbon (C) of biological origin- 30 %; Humification rate (HR)-
10-13 %; Degree of humification (DH)- 40-42 %; Humification Index (HI)-1.3-1.4 %; Humidity-13-
15%; рН in water- 6-8. Boneprot is an entirely organic fertilizer consisting exclusively of Cattle 
manure. These materials are collected from farms which do not use antibiotics and are subject to 
controlled fermentation for a period of about one year. He is formed in the pelleted shape.  

Lumbrical (Biohumus) (Bulgaria) is a product obtained from the processing of natural fertilizer and 
other organic waste of the Californian red worms (Lubricus rubellus and Eisenia foetida) and consists 
of their excrements. The commercial product has humidity of 45-55% and organic substance content 
of 45-50%. Ammonium nitrogen (NH4N)-33.0 ppm; nitrate nitrogen (NO3-N)-30.5 ppm; P2O5 and 
K2O- respectively 1410 ppm and 1910 ppm, MgO- 1.8%. It contains useful microflora 2.1012 pce/g, 
humic and fulvic acids, nutritional substances and soil microflora up to 2х1012 pce/g. The product has 
acidity of 6.5-7.0 (pH in H2O).  

Bio One (USA) consists of living organisms and is 100% natural liquid concentrated microbiological 
product. Bacterial inoculation that includes two types of microorganisms - aerobic (Azotobacter 
vinelandii), and anaerobic (Clostridium pasteurianum). It is recommended for increasing the nitrogen 
fixation in the soil. It is applied in the soil. 

Baikal ЕМ-1Y (Ukraine) includes the following: effective microorganisms, mixed cultures of useful 
microorganisms, which are antagonists with respect to the pathogenic and conditionally pathogenic 
microflora. This is a large group of microorganisms living under a regime of activity upon interaction 
with the nutritional environment, etc. Bacterial inoculation that includes Lactobacillus casei, 
Lactobacillus lactis, Phodopseudomonas palistris, and Sаccharomices cerevisiae. It is used for the 
activation of microbiological processes in the soil and for increasing of yields. 
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2.3. Agrotechnology 

The variety used in the study has been cultivated in conformity with the principles of organic 
agriculture, according to a technology for average early field production (Vlahova at al., 2011).  

2.4. Study Indicators 

Leaf gas exchange 
Leaf gas exchange parameters are PN- Net photosynthetic rate (µmol m-2 s-1), E- Intensity of 
transpiration (mmol H2О m-2 s-1) and gs- Stomatal conductance (mol m-2 s-1), using a portable infrared 
gas analyser LCA-4 (Analytical Development Company Ltd., Hoddesdon, England). The system was 
used with the broad leaf chamber PLC4B. Measurements were made under a light intensity of 800 

μmol m−2 s−1 PAR, at a temperature of 24 ± 2 ºC, an external CO2 concentration of 390 μmol mol-1 and 
relative air humidity of 70%. 

Measurements have been taken on normally developed leaves from the central floors of the plants, 
which are representative of each variant. Analyses on the leaf gas-exchange were carried out two 
times, as the first measurement was at the flower bud stage, 15-20 days after importing the 
biofertilizers – Bio Оne and Baikal EM -1Y, as the second one was at the stage of fruitfulness. 
Measurements were made at the moment of mass manifestation at the stage for the different variants. 

2.5. Mathematical processing of the results 

All data have been statistically analyzed. The significance of differences has been determined using 
Student’s t-test.  
 

3. RESULTS AND DISCUSSION 

3.1. Leaf Gas-Exchange Analyses 
The next Figure 1 below shows the summarized results regarding the dynamics of the net 
photosynthesis measured at the flower bud stage. In order to clarify the role of backgrounds - 
Lumbrical and Boneprot, and their impact on the leaf gas-exchange for plants, it is necessary to 
compare their single application in the form of optimum concentration and their reduced introduction, 
but also in combination with additional feed with the biofertilizers Bio Оne and Baikal EM-1Y.  

In order to outline the advantages of the biofertilizers included into the study and their combination 
with the background Lumbrical or the Boneprot background, it is necessary to comment on the results 
by backgrounds. 

Of all variants included into the study, the highest value of the dynamics of the net photosynthesis has 
been reported for plants cultivated on the Boneprot background (50%) and fed through vegetation with 
the biofertilizer Baikal EM-1Y, followed by plants cultivated on the Lumbrical background and fed 
with the biofertilizer Baikal EM-1Y. 

The effect of the impact on the net photosynthesis has been reported as better as a whole upon the 
application of the Boneprot background. It has been outlined that the additional feed with the 
biofertilizers Baikal EM-1Y and Bio Оne has resulted in higher values of the indicator under 
comment, followed by the single optimum import of Boneprot. The data above have given reason for 
establishing that the single import even in optimum concentration has positive impact on the net 
photosynthesis, but the effect of impact is not the best. The study shows that the combination between 
the reduced fertilizer norm and the additional feed with biofertilizers has a better effect of impact. 
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Figure 1. PN- Net photosynthetic rate (µmol m-2 s-1) at flower bud stage 

 
 

The results from the study on the Lumbrical background are similar. Once again we have better effect 
of impact reported in case of combination between a background and a biofertilizer with an expressed 
maximum upon the application of the biofertilizer Baikal EM-1Y.  

Positive effect has been established on the intensity of the net photosynthesis for both backgrounds 
when applied independently, as a higher value has been reported on the Boneprot background.    

Table 1 presents the dynamics of the indicators of intensity of transpiration and stomatal conductance. 
It has been established that the intensity of transpiration has the highest values in the variants with 
additional import of Baikal EM-1Y on both backgrounds, with an expressed maximum on the 
Boneprot background (1.82), followed by the application of the same fertilizer on the Lumbrical 
background (1.71). Then come those variants characterized with the highest intensity of transpiration, 
which include additional feed with the biofertilizer Bio Оne applied on the Boneprot background 
(1.60) and with the optimum application of this same background (1.48). 

There has been very good intensity (1.46) reported on the intensity of transpiration in plants cultivated 
on the Lumbrical background and fed with the biofertilizer Bio Оne, followed by a variant with 
optimum application of the Lumbrical background. The plants from the variants included into the 
study have intensity of transpiraton (E), which is higher than the one of the plants of the control 
variant and that is from 1.39 to 1.82.  

Regarding the indicator Stomatal conductance (gs), there has been an expressed maximum reported of 
the values of plants cultivated on the Boneprot background and additionally fed with the biofertilizer 
Baikal EM-1Y (0.080), followed by the variants with combined import of the Lumbrical background 
with the biofertilizer Baikal EM-1Y (0.067) and the Boneprot background with the biofertilizer Bio 
Оne with a respective value of 0.066. 
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Table 1 
Leaf Gas Exchange at Flower Bud Stage; 

E- Intensity of transpiraton - (mmol H2О m-2 s-1); gs- Stomatal conductance (mol m-2 s-1) 

 

Variants Intensity of transpiraton (E) Stomatal conductance (gs) 

Control - (unmanured) 1.28 ± 0.045 0.030 ± 0.0040 

Boneprot - optimum concentration 1.48 ± 0.037* 0.056 ± 0.0025 ** 

Boneprot - (50 %) + Baikal EM-1Y 1.82 ± 0.018*** 0.080 ± 0.0004 ***  

Boneprot - (50 %) + BioОne 1.60 ± 0.015** 0.066 ± 0.0016 ** 

Lumbrical - optimum concentration 1.39 ± 0.003 0.044 ± 0.0035 

Lumbrical - (50 %) + Baikal EM-1Y 1.71 ± 0.018*** 0.067 ± 0.0025 ** 

Lumbrical - (50 %) + BioОne 1.46 ± 0.010* 0.051 ± 0.0008 

Each date point represents the mean value of five plant samples ± standard error. Values with an asterisk are statistically 
significant from the control at 5.0 % level, values with two asterisks are statistically significant from the control at 1.0 % 
level, and values with three asterisks are statistically significant from the control at 0.1 % level. 

 

Upon comparing both backgrounds introduced into optimum concentration, we have reported that the 
stomatal conductance has a higher value on the Boneprot background (0.056). Comparing to the 
control, there have been higher values of the indicator under comment, namely from 0.044 to 0.080 for 
all variants. 

Figure 2 presents summarized data from the changes of the indicator rate of the net photosynthesis 
carried out at the stage of mass fruitfulness. It is evident that the maximum value has been reported for 
a variant with a combined introduction of the Boneprot background, additionally fed with the 
biofertilizer Baikal EM-1Y (15.86), followed by the variant with the Lumbrical background, fed with 
the biofertilizer Baikal EM-1Y with a value of 14.01. 

The two backgrounds when applied independently have a positive effect on the intensity of the net 
photosynthesis, which has better indicators on the Boneprot background. This is probably due to the 
structural composition of the Boneprot granules, which release themselves slowlier during vegetation 
and thus are being absorbed more fluently by plants.   

Regarding the intensity of transpiration, the highest value reported is with the additional introduction 
of Baikal EM-1Y on the Boneprot background (1.89), followed by a variant with the introduction of 
Baikal EM-1Y on the Lumbrical background (1.64). Similar values have been reported for the variants 
with the additional introduction of the biofertilizer Bio Оne applied on the Boneprot background, 
followed by the variant with the optimum application of the Boneprot background. The plants from the 
variants included into the study have intensity of transpiration (E) that is higher than the one of the 
plants from the control and that is from 1.30 to 1.89.  

Stomatal conductance is characterized with a maximum value for the variant with the application of 
the biofertilizer Baikal EM-1Y on the Boneprot background (0.082). There has been also a very good 
value reported for the variant with the application of the biofertilizer Baikal EM-1Y on the Lumbrical 
background (0.072).  
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Figure 2. PN- Net photosynthetic rate (µmol m-2 s-1) at the stage of mass fruitfulness 

 
Table 2 below presents the results from the dynamics of the indicators of intensity of transpiration and 
stomatal conductance reported at the stage of mass fruitfulness. 

 
When examining the variants on the Boneprot background, it may be also noted that there is a higher 
value of the stomatal conductance for a variant with vegetation feed with the biofertilizer Bio Оne 
(0.071). 

Тable 2 
Leaf Gas Exchange at Mass Fruitfulness Stage; 

E- Intensity of transpiration - (mmol H2О m-2 s-1); gs- Stomatal conductance (mol m-2 s-1) 

 
Variants Intensity of transpiration (E) Stomatal conductance (gs) 

Control- (unmanured) 1.21 ± 0.012  0.038 ± 0.0011     

Boneprot - optimum concentration 1.55 ± 0.011*** 0.051 ± 0.0061 

Boneprot - (50 %) + Baikal EM-1Y 1.89 ± 0.003*** 0.082 ± 0.0004*** 

Boneprot - (50 %) + Bio Оne 1.58 ± 0.020*** 0.071 ± 0.0055** 

Lumbrical - optimum concentration 1.30 ± 0.022* 0.042 ± 0.0066 

Lumbrical - (50 %) + Baikal EM-1Y 1.64 ± 0.014*** 0.072 ± 0.0003*** 

Lumbrical - (50 %) + Bio Оne 1.42 ± 0.009*** 0.061 ± 0.0037** 

 

Each date point represents the mean value of five plant samples ± standard error. Values with an 
asterisk are statistically significant from the control at 5.0 % level, values with two asterisks are 
statistically significant from the control at 1.0 % level, and values with three asterisks are statistically 
significant from the control at 0.1 % level. 
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Regarding the Lumbrical background, the best effect has been reported upon the combined use of the 
background fed with the biofertilizer Baikal ЕМ-1Y (0.072). 

Upon comparing both backgrounds introduced into optimum concentration, we have reported that the 
stomatal conductance has had a higher value on the Boneprot background (0.051). Comparing to the 
control, higher values of the stomatal conductance from 0.042 to 0.082 have been reported for all 
variants. 

We may draw the general conclusion that the additional feed with Baikal EM-1Y and Bio Оne has 
resulted in the increase in the intensity of the indicators under comment, and this is most probably due 
to the more favourable combination between a background and a biofertilizer, comparing to the 
independent application of a background, even in optimum concentration.  

The additional feed ensures a reserve of nutritional substance during the vegetation period, which 
itself gives grounds for recommending the combined use of biofertilizers, which will ensure the more 
fluent release in the soil environment, on the one hand, and the better absorption by plants, on the 
other hand.  

 

CONCLUSION 

All results obtained give grounds to make the conclusion that when the fertilizer rate is reduced by 
50% and plants are additionally fed with biofertilizers, then the effect of influence on the leaf gas-
exchange will be better comparing to the independent application of backgrounds only.  
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Abstract 

The present work aims at studying the local to regional atmospheric pollution transport and 
transformation processes over the Balkan Peninsula and at tracking and characterizing the main 
pathways and processes that lead to atmospheric composition formation in the region.  

The US EPA Models-3 system is chosen as a modelling tool. As the NCEP Global Analysis Data with 
1 degree resolution is used as meteorological background, the MM5 and CMAQ nesting capabilities 
are applied for downscaling the simulations to a 9 km resolution over Balkans. The TNO emission 
inventory is used as emission input. Special pre-processing procedures are created for introducing 
temporal profiles and speciation of the emissions.  

The air pollution pattern is formed as a result of interaction of different processes. Therefore the 
Models-3 “Integrated Process Rate Analysis” option is applied to discriminate the role of different 
dynamic and chemical processes for the pollution from road and ship transport. The processes that 
are considered are: advection, diffusion, mass adjustment, emissions, dry deposition, chemistry, 
aerosol processes and cloud processes/aqueous chemistry. 

Some results from several emission scenarios which make it possible to evaluate the contribution of 
different SNAP categories are demonstrated as well. 

Key words: air pollution modelling, US EPA models-3 system, multi-scale modelling, process 
analysis, emission scenarios 

 

1. INTRODUCTION 

Regional studies of the air pollution over the Balkans, including country-to-country pollution 
exchange, had been carried out for quite a long time - see for example Syrakov et al. (2002), Ganev et 
al. (2003, 2009), Zerefos et al. (200, 2004), Chervenkov et al. (2006), Poupkou et al. (2008), 
Symeonidis et al. (2008), Zanis et al. (2007). These studies were focused on both studying some 
specific air pollution episodes and long-term simulations and produced valuable knowledge and 
experience about the regional to local processes that form the air pollution pattern over Southeast 
Europe. It seems, however, that the impact of the different SNAP categories to the air pollution of the 
Balkan Peninsula as a whole had never been comprehensively studied. Carrying out such a 
comprehensive study with up-to-date modelling tools detailed and reliable input data for long enough 
simulation periods and good resolution is the aim of the present work. 
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The air pollution transport is subject to different scale phenomena, each characterized by specific 
atmospheric dynamics mechanisms, chemical transformations, typical time scales etc. The specifics of 
each transport scale define a set of requirements for appropriate treatment of the pollutants transport 
and transformation processes, respectively for suitable modelling tools, data bases, scenarios and time 
scales for air pollution evaluation. The air pollution pattern is formed as a result of interaction of 
different processes, so knowing the contribution of each for different meteorological conditions and 
given emission spatial configuration and temporal behaviour is by all means important That is why the 
present study attempts to make some evaluations of the contribution of different processes to the local 
to regional pollution over the Balkans.  

It should be noted that the Balkan Peninsula is a region with complex topography, which causes 
significant disturbances of the air flows. These mesoscale disturbances may have a great influence not 
only on the local pollution transport and hence on the detailed pollution pattern, but also on the trans-
boundary transport of harmful substances (see for example Rappenglück, B. et al., 2003, Melas, D. et 
al., 2000, Ganev et al., 2009). 

The results given in the present paper are achieved in the framework of a big project, which aims at 
using the Grid environment to produce an integrated, multi-scale Balkan region oriented modelling 
system, able to interface the scales of the problem from emissions on the urban scale to their transport 
and transformation on the local and regional scales.  

This system should be able  

- to study the atmospheric pollution transport and transformation processes (accounting also for 
heterogeneous chemistry and the importance of aerosols for air quality and climate) from urban to 
local to regional (Balkan) scales,  

- to track and characterize the main pathways and processes that lead to atmospheric composition 
formation in different scales,  

- to account for the biosphere-atmosphere exchange as a source and receptor of atmospheric chemical 
species, and  

- to provide high quality scientifically robust assessments of the air quality and its origin.  

 

2. APPROACHES, TOOLS, DATA, DOMAINS AND NESTING 
2.1. Modeling tools 

2.1.1. Basic models 

All the simulations are based on the US EPA Model-3 system, which was chosen as a modelling tool 
because it appears to be one of the most widely used models with proved simulation abilities. In the 
same time, this is a modelling tool of large flexibility with a range of options and possibilities to be 
used for different applications/purposes. Many research groups in Europe already use the Model-3 
system or some of its elements and this number is going to increase rapidly.  

The system consists of three components:  

 MM5 - the 5th generation PSU/NCAR Meso-meteorological Model MM5 (Dudhia, 1993, 
Grell et al., 1994) used as meteorological pre-processor;  

 CMAQ - the Community Multiscale Air Quality System (Byun et al., 1998, Byun and Ching, 
1999), being the Chemical Transport Model (CTM) of the system, and 

 SMOKE - the Sparse Matrix Operator Kernel Emissions Modelling System (CEP, 2003) – the 
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emission pre-processor of Models-3 system. 

Each of these models consists of number of programs that can be run in different schedules depending 
of the task to be solved. The output of one module is input to others. Taking into account that they had 
to be run for multiple days it occurred that very complicated LINUX scripts were necessary to be 
created. The obtained results has been visualized by several graphical packages – GRAPH, GRADS, 
PAVE, SURFER – supplemented by meta-languages for automation of drawing. All this presumes 
high experience in Linux and other programming languages.  

2.1.2. Integrated process rate analysis 

The Models-3 “Integrated Process Rate Analysis” option is applied to discriminate the role of different 
dynamic and chemical processes for the air pollution pattern formation. The processes that are 
considered are: advection, diffusion, mass adjustment, emissions, dry deposition, chemistry, aerosol 
processes and cloud processes/aqueous chemistry.  

2.2. Input data 

2.2.1. Meteorological data  

The large scale (background) meteorological used by the application is the NCEP Global Analysis 
Data with 1º1º resolution. At the moment the created database contains all the necessary information 
since year 2000.  

2.2.1. Emission data 

The TNO high resolution inventory (A. Visschedijk et all. ,2007) is exploited. The inventory is 
produced by proper disaggregation of the EMEP 50-km inventory data base (Vestreng, 2001, Vestreng 
et al. 2005). The TNO inventory resolution is 0.250.125 longitude-latitude, that is on average about 
2015 km. GIS technology is applied as to produce area and large point source input from this data 
base. It must be mentioned that the TNO emissions are distributed over 10 SNAPs (Selected 
Nomenclature for Air Pollution) classifying pollution sources according the processes leading to 
harmful material release to the atmosphere. The inventory contains 8 pollutants: CH4, CO, NH3, 
NMVOC (VOC), NOx, SOx, PM10 and PM2.5.  

The biogenic emissions, which depend on the vegetation type and the meteorological conditions are 
calculated by the SMOKE model.  

2.3. Emission temporal profiles and speciation  

CMAQ demands its emission input in specific format reflecting the time evolution of all polluters 
accounted for the used chemical mechanism. The emission inventory usually is made on annual basis 
and many pollutants are estimated as groups like VOC and PM2.5. In preparing CMAQ emission file, 
a number of specific estimates must be done. First, all this information must be gridded. Secondly, 
time variation profiles must be over-posed on these annual values to account for seasonal, weekly and 
daily variations. Finally, VOC and PM2.5 emission estimates must be split into more defined 
compounds in order to be properly modeled for chemical transformations and deposition 
(“speciation”).  

The temporal allocation is made on the base of daily, weekly and monthly profiles, provided by 
(Builtjes et al., 2003). The temporal profiles are country-, pollutant- and SNAP-specific. The 
speciation procedure is dependent on the Chemical Mechanism (CM) used. CMAQ supports different 
CMs. Here, the Carbon Bond, v.4 (CB4) is exploited (Gery et al., 1989). In the used Version 4.6 of 
CMAQ the CB4 is upgraded with the Version 1.7 of ISORROPIA aerosol model (Nenes et al., 1998). 
It requires splitting of VOC to 10 lump pollutants (ISOP, OLE, PAR, ALD2, TERPB, XYL, ETH, 
NR, FORM, TOL) and PM2.5 to 5 groups of aerosol (PSO4, PNO3, POA, PEC, PMFINE).  
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A specific approach for obtaining speciation profiles is used here. The USA EPA data base is 
intensively exploited. A Bulgarian emission expert has found coincidence between main Bulgarian 
sources for every SNAP with similar source types from US EPA nomenclature. 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 Bulgarian emission in particular 
SNAP. In such a way VOC and PM2.5 speciation profiles are derived. It must be noticed that the 
choice of source types and their contribution to the respective SNAP emissions are country specific, 
i.e. the obtained speciation profiles are applicable for Bulgarian territory, mainly. 

2.4. Domains and nesting 

As far as the background meteorological data is the NCEP Global Analysis Data with 1º1º resolution, 
it is necessary to use MM5 and CMAQ nesting capabilities as to downscale to 3 km step for the 
innermost domain. The MM5 pre-processing program TERRAIN was used to define three domains 
with 81 (D1), 27 (D2), 9 (D3) and 3 (D4) km horizontal resolution. These four nested domains were 
chosen in such a way that the finest resolution domain contains the whole territory of Bulgaria and the 
domain with a horizontal resolution of 9 km contains the whole Balkan Peninsula.  

The three inner nested domains are demonstrated on Fig. 1 

 
 

Fig. 1. The three inner computational domains produced by TERRAIN. 

 

2.5. Emission scenarios  

Studying the air pollution fields response to emission changes (model sensitivity to emission input) is 
obviously a task of great practical importance, obviously connected with formulating short-term 
(current) pollution mitigating decisions and long-term pollution abatement strategies.  

In this paper the studies of model sensitivity to emission input focus on the D3 domain with resolution 
of 9 km (Balkan Peninsula).  

Let in the chosen domain there are N  countries and the total number of source categories is M  
(generally 12M  if maritime and biogenic emissions are accounted for). Let an arbitrary 
(concentration, deposition, columnar value, process contribution, etc.) pollution characteristic, 
obtained with all the emissions accounted for is denoted by  . Let nm  is the respective characteristic 
obtained when the emissions form source category m  in country n  are reduced by a factor of  . In 
such a case the quantity nm :  
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  (1) 

can be interpreted as the relative (in %) contributions of emission category m  in country n  to the 
formation of the characteristic  .  

It is obvious that more than one SNAP category emissions in more than one country can be reduced by 
a factor of   and so the quantities nLmLmnmn ,...,22,11  ( NnLnn ....,,2,1 , MmLmm ....,,2,1 ) can be 
simulated and the respective estimations nLmLmnmn ,...,22,11  of the joint influence of the L  pairs of chosen 
SNAP categories in chosen countries in the formation of the pollution characteristic   can be 
evaluated. It is possible, in particular, to evaluate the contribution of all the emissions from a chosen 
country, or of the emissions from a chosen SNAP category in the whole domain.  

As some of the chemical reactions are none-linear, there is mutual influence between the pollution 
from different sources. In such a case the question “What is the influence of the emissions from SNAP 
category 1m  located in country 1n  to the air pollution from sources from SNAP category 2m  located 
in country 2n ?” is not meaningless. If the quantities  , 11mn , 22mn  and 22,11 mnmn  are simulated some 
more “sophisticated” properties, like the above mentioned impact of the emissions from SNAP 
category 1m  in country 1n  on the air pollution from sources from SNAP category 2m  in country 2n  
(the ratio 

1122 mnmn  or vice versa - 
2211 mnmn ) can also be defined: 
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(2) 

2.6. About the Grid philosophy and technology 

Multi-scale numerical experiments have to be carried out, which to clarify to some extend different 
scale processes interaction, but also to further specify requirements for input data (emissions, 
boundary conditions, large scale forcing). Model interfaces from synoptic trough meso- to local scale 
have to be tailored (two-way nesting effects have to be checked). Shortly speaking, extensive 
sensitivity studies have to be carried out, tailoring the model set-up and parameters – a possible 
forerunner of single model ensemble forecasts.  

Performing extensive simulations of this kind with up to date highly sophisticated numerical models 
obviously requires computer resources of the order of magnitude of those provided by the so-called 
supercomputers. Using supercomputers, however, is rather expensive and far beyond what most of the 
research groups can afford. Luckily an alternative technology – the grid computing, is recently very 
intensively developing, which makes formulating and solving problems absolutely unthinkable several 
years ago already quite relevant. 

 

3. APPLICATION VALIDATION  

3.1. Comparison of ozone simulations with measurements 

The ozone is a secondary compound and by unanimous opinion quite difficult for modeling. That is 
why the comparison of ozone simulations with measuring data is a good application test and 
demonstration of the application abilities.  
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The number of background stations monitoring the ozone concentration is quite limited in the region. 
These are the Greek stations GR02-Finokalia (35N20, 25E40, altitude 0 m) and GR03-Livadi (40N32, 
23E15, altitude 850 m) and the station HU02-K-puszta (46N58, 19E35, altitude 125 m), located in the 
upper left corner of the 10-km modelling domain, in Hungary.  

Luckily during all the year 2000 two more stations were monitoring the ozone concentrations in 
Bulgaria in the frame of a research project (Donev et al. (1999, 2002)). These stations are BG02 – 
Rojen (41N40, 24E48, altitude 1700 m) and BG03 – Ahtopol (41N58, 27E57, altitude 0 m).  

 

Table 1. Measured and simulated ozone means ( C ), dispersions ( ), bias and Normalised Root 
Mean Square Error (MSE) for the five stations [ppb]. 

Station 
simulatedC  measuredC  simulated  measured  bias MSE 

Bg02 37.658 53.438 4.678 7.507 -15.78 0.345 

Bg03 37.120 43.411 5.164 11.995 -6.291 0.318 

Gr02 45.954 58.432 6.695 9.521 -12.48 0.279 

Gr03 37.310 55.053 5.257 13.001 -17.74 0.383 

HU02 35.466 45.972 7.281 16.333 -10.50 0.356 

 

A generalised and objective assessment of the model behaviour (Ganev et al., 2008) can be made from 
the so called “scatter diagrams” (Fig. 2) and the calculated measured and simulated ozone means ( C ), 
dispersions ( ), bias and Normalised Root Mean Square Error (MSE) – Table 1. From both diagrams 
and table it can be seen that the dispersion of the measured ozone concentrations is larger than for the 
simulated ones. The bias is always negative, obviously due to the fact that no biogenic VOC emissions 
are accounted for in this particular numerical experiment, i.e. the simulations reflect only the 
anthropogenic O3 levels.  

The scatter diagrams show that almost all the points are within the ±50% range of deviation from the 
ideal case of precise agreement of simulated and measured O3 levels, so it can be concluded that, as a 
first attempt, the Models 3 system performed fairly well.   

Generally speaking, CMAQ produces lower concentrations than the measurements almost everywhere 
(the used measurement stations cover almost all the domain) with lower diurnal amplitude. The reason 
for these shortcomings is in the input data, mainly the emission data. Nevertheless, the results of 
calculation contain valuable information about space distribution of surface ozone and can be used for 
solving different tasks.  

3.2. Demonstration of the importance of downscaling 

The main scientific challenge of local to regional atmospheric composition pattern modeling probably 
is the accounting for the strong dependence of concentrations on fluctuations of local and regional 
meteorological conditions, the complex interaction of transport scales (different life times of the 
pollutants make it even more complex), uncertainties and responses to emission forcing and boundary 
conditions, both introducing information noise.  

That is why downscaling the problem to finer resolutions does not lead just to more detailed pattern of 
the simulated fields. The higher resolution means that:  

- Dynamic processes with some characteristic horizontal scales which are filtered by the more coarse 
resolution simulations are accounted for by the finer resolution simulations; 
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Fig. 2. Scatter diagrams for CMAQ Ozone calculations vs. Measurements for stations Ahtopol, 

Finokalia, Livadi and K-puszta 

 

- Some of the chemical reactions are none-linear, which means that the concentration field patterns can 
have significant impact on the processes, thus the spatial resolution has direct influence on the 
chemical transformation processes.    

These to effects are the reason why the models different spatial resolution can lead to qualitative 
differences in the pollution fields.  

A fairly good demonstration of these effects is given on Fig. 3, where the surface sulfate 
concentrations over Bulgaria, simulated in the three consecutive nested domains D2, D3 and D4 are 
shown. The patterns for D3 and D4 are quite similar, though with big quantitative differences, but the 
difference from D2 is qualitative indeed.  

The effect of nesting can be also followed in the fields produced by the Models-3 “Integrated Process 
Rate Analysis” option. This fields display the role (in the terms of concentration change per hour) of 
the different dynamic and chemical processes in the air pollution pattern formation.  

For example the hourly contribution of aerosol processes to the PM2.5 concentration formation for 
domains D2, D3 and D4 are shown on Fig. 4.  
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a 

b c 

   
 

Fig. 3. Fields of surface sulfate [ppb] calculated by the second D2 (a), D3 (b) and D4 (c) nesting steps, 
01.01.2000, 11:00 UTC 

 

a b c 

   
 

Fig. 4. Fields of the hourly contribution of aerosol processes to the PM2.5 formation [g/(m3.hour)] 
calculated by the second D2 (a), D3 (b) and D4 (c) nesting steps, 01.01.2000, 11:00 UTC 

 

4. SOME EXAMPLES FROM THE NUMERICAL EXPERIMENTS 

The nesting effects demonstrated above show that a resolution of 9 km is probably good enough for 
describing regional scale processes, so all the results given below are obtained with this resolution.  

Following the methodology described above, MM5 and CMAQ simulations carried out for the years 
2003- 2009 and the respective pollution characteristics for each day for all the period were calculated. 
Averaging the daily fields over the whole ensemble of results for the respective month produces a 
diurnal behavior of given pollution characteristic, which can be interpreted as “typical” for the month 
(respectively season).  

 

 

 



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
232 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

NO2 – overall surface concentration NO2 – relative contr. of SNAP 1 sources NO2 – relative contr. of SNAP 7 sources 
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O3 – overall surface concentration O3 – relative contr. of SNAP 1 sources O3 – relative contr. of SNAP 7 sources 

t=
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h 

   

Fig. 5. Plots of surface concentrations [g/m3] and relative contributions of SNAP 1 and 7 sources for 
NO2 and O3 for 06 and 16 UTC, “typical” day in July. 
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4.1. Some examples of the SNAP category contribution simulations 

The SNAP categories considered are 1 – combustion in energy and 7 – road transport. Averaging the 
fields over the whole ensemble of results for the respective month produces a diurnal behaviour of 
given pollution characteristic, which can be interpreted as “typical” for the month (respectively 
season). The characteristic, which will be demonstrated and discussed as an example further in this 
paper is the surface concentration c for months January and July. Analysing the results one should 
keep in mind that the contribution of a SNAP category in a given point (or sub-domain) reflects the 
respective SNAP sources in the whole integration domain.  
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Fig. 6. Plots of the diurnal course of surface concentrations [g/m3] from all the sources and from the 
sources from SNAP 1 and 7 sources for NO2, O3, PM2.5 and PM-coarse for a “typical” day in 
January. 

 

Plots of surface concentrations of O3 and NO2, typical for July, for 06 and 16 UTC are shown in 
Figure 5, together with the relative contribution of the emissions from SNAP categories 1 and 7. One 
can not help, but notice how the big industrial sites, big cities, roads are manifested as sources in the 
NO2 plots and as sinks in the O3 plots. The plot of the SNAP 7 relative contribution to NO2 pollution 
for 16 UTC can almost be used as a map of the roads in the region.  

Plots of this kind are rather spectacular and can give a good qualitative impression of the spatial 
complexity of the different SNAP categories contribution. In order to demonstrate the pollution and 
SNAP code contribution behaviour in a more simple and easy to comprehend way, the respective 
fields can be averaged over some domain (in this case the territory of Bulgaria), which makes it 
possible to jointly follow and compare the diurnal behaviour of the overall pollution and the pollution 
from the respective SNAP categories (obtained by multiplying the relative contribution (1) by the 
concentration from all the sources).  

Such plots for some of the compounds are given in Figures 6 and 7 for January and July respectively. 
There are several things in these plots which should be mentioned. First of all the contribution of both 
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SNAP categories to the NO2, PM2.5 and PM-coarse is quite significant for both January and July (the 
SNAP 7 contribution for NO2 is definitely bigger than the SNAP 1 one). The diurnal courses of the 
PM2.5 and PM-coarse overall concentrations, as well as the concentrations from Snap categories 1 and 
7 for January and July are very similar.  
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Fig. 7. Plots of the diurnal course of surface concentrations [g/m3] from all the sources and from the 
sources from SNAP 1 and 7 sources for NO2, O3, PM2.5 and PM-coarse for a “typical” day in July. 

 

 

The overall surface concentrations of NO2, PM2.5 and PM-coarse have similar specifics for the overall 
concentration and the part of the concentration due to SNAP 7 emissions – peaks in the morning and 
late afternoon, early evening hours and a minimum around noon. This obviously is due partially to the 
specific diurnal course of the road transport (SNAP 7) emissions, but probably also to the 
meteorological conditions – a tendency for predominant unstable conditions during the day, which 
causes more intensive vertical mixing, thus transporting some of the surface pollution aloft. The last 
effect can be followed also in the diurnal course of the concentrations due to SNAP 1 emissions 
(elevated sources) – slight peaks around noon can be observed for NO2, PM2.5 and PM-coarse in July.  

The O3 diurnal course manifests the expected maximum in daytime. Surprisingly the contribution of 
both SNAP categories to the overall O3 concentration is small. This probably means that the O3 in 
Bulgaria is mostly “imported”, while the Bulgarian sources cause O3 formation somewhere else. This 
is not so revolutionary conclusion, having in mind that the O3 is a secondary pollutant and can be 
formed away from the O3 precursor sources. 
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Chemical processes, January Cloud processes, January Dry deposition, January Vertical diffusion, January 

Chemical processes, July Cloud processes, July Dry deposition, July Vertical diffusion, July 

 

Fig. 8. Plots of the contribution [g/m3] of Chemical, Cloud, Dry deposition and Vertical diffusion 
processes to the formation of O3 at 16h of a “typical” day in January and July. 

 

4.2. Some examples of process analyzis simulations 

The characteristic, which will be demonstrated and discussed as an example further in this paper are 
the surface process contributions ic  and the resulting hourly surface concentration changes c  for 
months January and July.  

Plots of the horizontal fields of some of the processes which determine the concentration change of O3 
and PM2.5 for January and July are shown in Fig. 8. The pattern is indeed very complex. Some typical 
effects can be followed however. For example the roads, big cities and agglomerations appear as big 
sinks in the O3 chemical transformation plot and as big sources in the PM2.5 aerosol processes plot.  

Plots of this kind can give a good qualitative impression of the spatial complexity of the different 
processes contribution. Again, In order to demonstrate the process contribution behaviour and the 
process interaction in a more simple and easy to comprehend way, the respective fields can be 
averaged over some domain (in this case the territory of Bulgaria), which makes it possible to jointly 
follow and compare the diurnal behaviour of the different processes contribution and their resultant 
hourly surface concentration c .  

Such plots for NOx, SO2, PM2.5 and PM10 are given in Figures 9, 10 for January and July 
respectively.  

 

 

 
NOx SO2 
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PM2.5 PM10 

 

Fig. 9. Plots of the diurnal course of the contributions [g/m3 and ppmV] of the different processes to 
the formation of NOx, SO2, PM2.5 and PM10 and the resulting hourly concentration change ∆c for a 

“typical” day in January. 

 

A detailed description even of these much simpler images will take a lot of space and probably is not 
necessary. Some more general features could be mentioned, however:  

- First of all the hourly surface concentration c  is determined mainly by a small number of most 
important the processes (which could be different for different compounds), while the role of the 
others is minor; 

- The temporal behaviour of the processes is also complex; 

- For some processes the contribution sign is obvious (like emissions or dry deposition), but some can 
change their sign during the day; 

- For all of the compounds some of the advection/diffusion process have a major role.  

As can be seen from Figs. 6, 7 the road transport is a major source for NO2 and so the resulting surface 
concentration ∆c (empty circles) follows the course of the emissions (empty squares). The SO2 on the 
other hand is to large extend due to elevated sources (power plants, etc.). That is why the surface 
concentration change follows the vertical transport (black triangles). It could be also noted that the 
horizontal advection (black squares) acts oppositely to the vertical advection. That is quite easy to 
comprehend, having in mind the continuity law. The major SO2 sink appears to be the dry deposition, 
while for the NO2 it is the vertical diffusion which transports the near surface generated NO2 aloft.  
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Fig. 10. Plots of the diurnal course of the contributions [g/m3] of the different processes to the 
formation of NOx, SO2, PM2.5 and PM10 and the resulting hourly concentration change ∆c for a 

“typical” day in July. 

 

5. CONCLUSIONS 

The numerical experiments performed produced a huge volume of information, which have to be 
carefully analyzed and generalized so that some final conclusions could be made. The obtained 
ensemble of numerical simulation results is extensive enough to allow statistical treatment – 
calculating not only the mean concentrations and different SNAP categories contribution mean fields, 
but also standard deviations, skewness, etc. with their dominant temporal modes (seasonal and/or 
diurnal variations). 

The results produced by the CMAQ “Integrated Process Rate Analysis” demonstrate the very complex 
behaviour and interaction of the different processes – process contributions change very quickly with 
time and these changes for the different points on the plane hardly correlate at all. The analysis of the 
behaviour of different processes does not give simple answer of the question how the air pollution in a 
given point or region is formed. 
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Abstract 

Some of the key actions to address the problem of invasive alien species (IAS), identified in the 
European Strategy on IAS are collecting, managing and sharing of information, prevention, as well as 
early warning and rapid response. Geographical Information Systems (GIS) are powerful tools in the 
area of invasive species assessment and management. The goal of our study was to develop an online 
interactive map of current invasions of zebra and quagga mussels (Dreissena spp.) in Bulgarian lakes 
and reservoirs using GIS. The data were collected through field survey, literature and existing 
databases.  Afterwards they were integrated into GIS database and uploaded to an informational web 
portal, available at www.dreissena.info in the form of an interactive map of zebra and quagga mussel 
native and invasive distribution in Bulgaria. The interactive map provides hydrographic data (rivers, 
lakes, reservoirs, catchments, watersheds), data on reservoir management and use, as well as data on 
Dreissena distribution and infestations, population density, year of first record, etc. Thus elaborated 
the online GIS application is easily accessible and user-friendly, addressing the information provision 
in a readable and understandable way. The interactive map and GIS database will be further 
developed and used as fundament for data dissemination and analysis, visualization and elaboration 
of thematic maps, early warning and rapid response, as well as for risk assessment and management 
purposes. 

Key words: Internet, GIS database, zebra and quagga mussels, distribution, reservoirs 

 

1. INTRODUCTION 

The invasive alien species (IAS) are recognized as a major and growing driver of the biodiversity loss 
together with habitat change, climate change, over-exploitation, and pollution. The harmful impact of 
invasive species on biodiversity is considered second only to that caused by habitat loss and 
fragmentation. The costs of preventing and controlling IAS and the environmental and economic 
damages are significant. Some of the key actions to address the problem of IAS, identified in the 
European Strategy on IAS are collecting, managing and sharing of information, prevention, as well as 
early warning and rapid response (Genovesi & Shine, 2004). 

Two of the most invasive aquatic species worldwide with strong ecological and socio-economic 
impact, the bivalve mollusc species zebra mussel, Dreissena polymorpha and quagga mussel, 
Dreissena bugensis are widely spread recently in the inland waters of Bulgaria (Hubenov, 2005, 
Hubenov & Trichkova, 2007, Trichkova et al., 2008, 2009). The zebra mussel is considered an 
invasive native species, whose native range included the Danube River and the Black Sea coastal lakes 
and rivers (Hubenov, 2005); while the quagga mussel is an alien invasive species expanding its range 
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through the Danube River (Hubenov & Trichkova, 2007). Our previous results showed that about 64% 
of the territory of the North West Bulgaria was classified with high zebra mussel infestation potential 
(Trichkova et al., 2007). Although most of the potential dispersal mechanisms identified were 
connected with human activities, often the local authorities, reservoir managers and fishermen were 
not informed about this problem. This necessitated a communication with wider public through a 
construction of a specialized web-portal to systematize and disseminate the information about 
Dreissena invasions in Bulgaria.  

Geographical Information Systems (GIS) are powerful tools in the field of invasive species 
management. GIS can be used to create potential distribution maps for all taxa of invasive species, as 
well as for early detection and rapid assessment of invasive species (Holcombe et al., 2007). 

The goal of our study was to develop an online interactive map of current invasions of zebra and 
quagga mussels in Bulgarian lakes and reservoirs using GIS. This is a part of the development of 
national information and early warning system and risk management plan. 

 

2. DATA SOURCES 
Data about Dreissena infestations were collected mainly through field survey. Reservoirs of different 
size and in different water drainage basins (Danube River, Black Sea, Aegean Sea) were monitored for 
the occurrence and quantitative characteristics of zebra and quagga mussels. The distribution of native 
zebra mussel populations in the natural lakes and rivers along the Black Sea coast was monitored as 
well. Data about zebra mussel native range in Bulgaria were derived from literature. 

Morphometric data on reservoirs and information about reservoir management and use were collected 
from existing databases of the Ministry of Environment and Waters of Bulgaria, Ministry of 
Agriculture and Food, National Electric Company, different governmental agencies, etc. 

GIS data collected and developed within the project “Study on integrated water management in the 
Republic of Bulgaria”, supported by the Japan International Cooperation Agency with counterpart - 
Bulgarian Ministry of Environment and Water and beneficiary East Aegean River Basin Directorate 
and West Aegean River Basin Directorate6 were used. 

 

3. GIS DATABASE DEVELOPMENT 
All data collected from various sources have afterwards been integrated within a geographical 
information system. The geographic information is projected in plain through the Universal 
Transverse Mercator projection, enabling field samples collected with GPS to instantly be integrated 
within the database. The database itself consists of the following layers of spatially referenced 
information: reservoirs, lakes, river segments, catchments, watersheds, road infrastructures, 
settlements, administrative boundary data, shaded digital elevation model (DEM). The reference scale 
of data collected is equivalent to 1:100 000 and above. 

Free and open source technology has been used for the creation of the geographical database, as well 
as its server storage and maintenance and web mapping front end. Advantages of the chosen approach 
are in minimization of the budget for GIS creation, as well as in providing content to the interested 
individuals and institutions in an interoperable manner, fully compliant with the WMS (web mapping 
service 1.1.0) specifications, as defined by the Open Geospatial Consortium7. Another benefit from the 

                                                   
6 For further information see: www.bd-ibr.org 
7 See: www.opengeospatial.org/standards/wms 
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use of open source products is in the excellent integration of all possible open products (web, database, 
desktop and mobile GIS), which creates a sophisticated geospatial IT infrastructure. All geographic, 
hydrographic, administrative and environmental data are integrated into a PostgreSQL relational 
database, which is spatially enabled, thus allowing geospatial processing and server side spatial 
analyses through the PostGIS extension8. After being loaded into PostgreSQL/PostGIS, the integrated 
data are served through the University of Minnesota Mapserver, and the pMapper 4 PHP/MapScript 
framework9. Edits of the created database are done through Quantum GIS; however, it is possible to 
use a broad range of open source products as external clients for visualization and data creation (uDig, 
gvSIG, GRASS GIS, etc.). Commercial products, such as ArcGIS 10 Desktop, at present, support only 
visualization of PostgreSQL/PostGIS data. The reasons are probably due to the unwillingness to 
support even indirectly any developments in open source technology. The chart below provides an 
extensive overview of the technological integration, which has enabled us to create a sophisticated 
geographic information system with a modest budget: 

 

 
 

Figure 2. Overview of technology used for the GIS database creation and maintenance 

 

                                                   
8 Produced by Refractions Inc., www.postgis.refractions.net 
9 Product of DM Solutions, Source: www.pmapper.net 
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Figures 3a,b. Interface of the interactive map of Dreissena distribution in Bulgaria, as an extension to 

the created geographic information system 

 

4. INTERACTIVE MAPPING BASED ON THE CREATED GIS DATABASE 

The results of this integration of readily available open source technology are available at 
www.dreissena.info/gis in the form of an interactive map of zebra and quagga mussel native and 
invasive distribution in Bulgaria. Functionalities of the map enable users to interactively browse all 
content, as well as to identify and search attributive information on Dreissena infestations (Figures 
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2a,b). Additional functionality allows the export of cartographic products and georeferenced imagery, 
as well as plain tables, containing information about the visited reservoirs and lakes in industry 
standard file formats.  

Another aspect of the dissemination of information concerning Dreissena distribution and invasions is 
the elaborated interactive web-portal, which has utilized the technological functionalities of the 
Joomla content management system and dynamic portal engine10. The system is bilingual and is 
served on a dedicated Linux server, allowing flexibility and high productivity in delivering the desired 
content. 

The system has the following functional characteristics: 

1. Fully functional online geographical information system, maintaining the available data in the 
internet by specialized interactive software; 

2. A system for data managing in the internet with the ability to publish geographical data; 

3. The ability to have updated data in real time with the aid of a free GIS add-on (statistical 
information, layers with geographical data, aerial and satellite imagery, etc.); 

The online geographical information system for the analysis of Dreissena invasions also has all the 
functional capabilities of modern GIS: 1) Interactive visualization; 2) Display of data layers; 3) Search 
by key words; 4) Measuring of distances, surface areas, etc.; 5) Attributive queries; 6) Printing of high 
quality maps with an appropriate resolution; 7) Downloading of georeferenced raster images; 8) Data 
interoperability through the widely used WMS service. 

 

5. APPLICATION OF THE INTERACTIVE MAP 

The interactive map presents data on the following: 

1. Hydrography - rivers, lakes, reservoirs, catchments, watersheds, irrigation channels 
2. Relief  
3. Administrative data – settlements, administrative boundaries, reservoir management and 

use  
4. Transportation – road infrastructure 
5. Environmental data - information on Dreissena distribution and infestations, population 

density, year of first record, references, risk categorization of the water body. 

Currently the database offers hydrographic data about 192 lakes, 11 marshes, and 124 reservoirs, with 
surface area from about 1500 to 32 976 000 sq. meters and at altitudes from 0 to 2709 m a.s.l. It 
presents data about reservoir management and use for 86 reservoirs. The database includes historical 
and present data about Dreissena occurrence in 44 lakes and reservoirs. Data about findings of D. 
polymorpha and D. bugensis (live adults, larvae or shells) and population density in 24 reservoirs are 
included as well. The exhaustive spatial database will be further developed and updated regularly by 
including additional hydrographic and administrative data, data about water physicochemical 
parameters, as well as data about Dreissena occurrence and infestations, as data become available in 
the future. 

The interactive map is available at www.dreissena.info/gis and open to the general public and 
interested parties. It is easily accessible and user-friendly, addressing the information provision in a 
readable and understandable way. Thus the interactive map provides information about Dreissena 
invasions in Bulgarian water bodies which can be used by interested governmental and non-

                                                   
10 See: www.joomla.org 
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governmental institutions, by reservoir managers, by fishermen, tourists, etc. It also provides a forum 
for data sharing and analysis that is an invaluable service to the invasive species scientific community. 
One of the most significant issues in the analysis of aquatic invasive species in Bulgaria is the 
information about their spatial distribution, the pathways of introduction, as well as the suitability of 
the environment. Particular attention must be focused on those environmental characteristics which 
limit or catalyze the distribution of the species. Therefore, the further development of the online GIS 
application should result in increasing the information availability about the invasive mussel 
distribution, the distribution pathways and the characteristics of the environment. 

The online GIS application can be used for visualization and elaboration of thematic maps of 
Dreissena distribution – for the whole country, regional, by catchments, by altitude, by reservoir 
surface area, maximum depth, reservoir management, year of first infestation, etc. The concrete 
visualization outputs (interactive web-based map, static paper and digital maps, 3d model, etc.) 
resulting from the GIS application will be presented and disseminated at different national and 
international forums which will contribute to raising the awareness among scientists, reservoir 
managers and the general public.  

The created interactive map will also perform well in the early warning and rapid response to invasive 
Dreissena species. As soon as the mussels are detected in a new environment, the data will be 
uploaded onto the database and all interested parties will be informed. On the other hand, the website 
www.dreissena.info presents extensive and detailed information about the morphological, biological 
and ecological characteristics of the mussels, as well as information about their negative ecological 
and socio-economic impact. It also provides the possibilities of receiving and exchanging information 
with different users. For instance, when environmentalists, reservoir managers, fishermen, etc., record 
the mussels, they can easily recognize them and can report the findings using the contact information 
on the website. These data will be uploaded onto the database under a special category until 
verification. Thus the continuously updating GIS database is expected to become a basis of national 
early warning system for Dreissena invasions. This system will be accessible by the website and can 
be used for information by all interested individuals and institutions. 

The online GIS database can be successfully used for risk assessment and management purposes. It 
can create an analytical platform to support the informed decision process through development of 
realistic actions and management plans. Based on the available data so far, the water bodies in 
Bulgaria have been classified according to a 6 rank scale of risk of infestation: 

1 – Water bodies with high risk of infestation by D. polymorpha and D. bugensis 

2 – Water bodies with high risk of infestation by D. polymorpha 

3 – Water bodies with moderate risk of infestation by Dreissena  

4 – Water bodies with low risk of infestation by Dreissena 

5 – Unclassified water bodies  

6 – Water bodies with native populations of D. polymorpha. 

Based on this classification, different categories of potential management actions can be considered 
and selected for implementation by decision makers. This will contribute to the realization of 
successful risk-based decision making process and risk management plans for the invasive mussels at 
national and regional level. 

In conclusion, the development of an interactive GIS database can be a useful tool for scientists, 
responsible authorities and reservoir managers in their efforts to prevent, manage and control the 
invasions of zebra and quagga mussels in the inland waters of Bulgaria. 
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Abstract 
The depolymerization of waste polyethyleneterephtalate (PET) scraps with crude glycerol generated 
as side product from the production of biodiesel /CGly/. The depolymerization was carried out under 
microwave irradiation of power of 100 W by varying the exposure time from 6 to 13 min. For 
comparison, glycosates were obtained also from waste PET and ethylene glycol /EG/.Both 
depolymerisates were fractionated to obtain three fractions for each product: A – monomers and 
dimmers, B – oligomers in viscous-liquid state, e.g. dimers, trimers, etc., and C – solid oligomers. The 
degree of crystallinity, thermal characteristics and the chemical bonds in the depolymerisates were 
determined by X-ray diffraction, differential thermal analysis, infrared spectroscopy and nuclear 
magnetic resonance. The stability of the viscous-liquid oligomers was tested by storage for 6 months. 

Key words: waste PET, glycerol, depolymerization, crystallinity  

 

1. INTRODUCTION 

The growing interest towards recycling of plastics results from the improvement of our ecological 
awareness, legislation measures, preservation of natural resources and the search for methods to 
improve the stability of the environment. Polyethyleneterephtalate (PET) is semi-crystalline 
thermoplastic polymer used for production of soft drink bottles, food packing, textile, photographic 
films, etc. The total consumption of this polymer in Europe only reached 2 mln tons in 2007 and 4 mln 
tons in 2010. The waste is comparable to that amount and the volume of the articles gone out of use 
comprises tens of millions of cubic meters. The production of other polymeric materials is used from 
several to several tens of years. PET packaging of food products is usually wasted after a month. This 
makes PET waste one of the main polymeric contaminant in the environment. It is one of the most 
frequent plastics in the depots. Its recycling is a major task for a good number of reasons, e.g. decrease 
of depot places, decrease of petrol and energy consumption, etc. [1]. 

The chemical depolymerization of PET and its transformation into products for the chemical industry 
is one of the most important strategies for the recycling of this material. There are four methods 
known for chemical depolymerization: glycolysis – chemical transesterification between the PET ester 
groups and diols [2,3]; methanolysis – it is carried out under the influence of methanol [4,5]; 
hydrolysis – it is carried out with strong acids or bases [6,7]; aminolysis and amonolysis – it is carried 
out with amines and ammonia salts [8,9]. 

The monomer (and higher oligomers) thus obtained can be used as building blocks to synthesize other 
polymers with higher economical value such as unsaturated polyesters, polyurethane foams, 
polyisocyanurate foams, copolyesters, polyurethane coatings, alkyd resins, low temperature curable 
resins, or UV curable resins, polymer composite and polymer concrete. 
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The basic method of chemical depolymerization of PET is glycolysis. Its main advantage is that it can 
be easily effected. The reaction takes place usually at comparatively mild conditions - 180-260°С and 
atmospheric pressure [10]. The process of glycolysis is slow under conventional heating. It proceeds 
for about 8 hours [11] and it can be accelerated by catalysts – zinc acetate[12], metal acetate [13], 
solid superacids [14] Fe-containing magnetic ionic liquid [15]  ionic liquids[16] etc. The use of 
microwaves in organic synthesis is a new revolutionary technique which is becoming a primary choice 
in chemical studies [17-21]. The research work has shown for glycolysis of PET bottle waste under 
reflux in microwave irradiation that the reaction time decreased down to 35 min as compared to 8 h 
when using conventional heating system. 

The glycolysis of PET is carried out with diols. The most often used glycols are ethylene glycol (EG) 
and diethylene glycol (DEG). The crucial problem of the glycolysates obtained with REG is their high 
crystallinity which is further increasing during storage [22-28].  

Crystallinity is unwanted since it changes the rheological characteristics, thus impeding the 
manufacturing processes and mixing with other ingredients which results in much worse properties of 
the compositions or solidification systems obtained so it becomes difficult to impart the shape wanted. 
Many studies have been devoted to the possibilities to reduce glycosates crystallinity. Most often, it is 
achieved by using diols with longer hydrocarbon chain or a mixture of diols [27,29,30]. Colomines, G. 
Et al. [28] studied the glycolysis of PET with unusual reagents: polyester based oligomers, bisphenol 
A, cycloaliphatic alcohol and aliphatic diols. They compared the thermal characteristics of the 
glycosates obtained with regard to crystallinity to these of glycosates obtained by glycolysis with 
DEG. The authors calculated the degree of crystallinity using X-ray diffraction data and found that the 
crystalline or non crystalline nature of the reactants did not predict the morphology of the final 
glycosates. 

No data have been reported in the available literature on depolymerization of PET with crude glycerol 
and its effect on the crystallinity of the products obtained. The problem with crude glycerol arose in 
connection with the lasting crisis due to the decrease of the amounts of crude oil on worldwide scale 
and the resuming of the production of biodiesel in mid-90-ies of XX century in Europe and USA. 
According to the directives of EU, 5.75% of the diesel fuels offered on the market by 2010 should be 
“bio” and 20% by 2020. Biodiesel is an ecological alternative of the common diesel fuel. It is 
produced from biologic raw materials, fats, vegetable or animal wastes or, generally defined, natural 
renewable sources. It is not toxic and decomposes easily [31] to emit much less hazardous compounds 
in the environment compared to the common petrodiesel.  

The chemical reactions employed for biodiesel production give 0.2 l glycerol per liter biodiesel 
produced. About 90 mln tons of glycerin were generated in the USA in 2006 which is twice as much 
as its annual consumption. Thus the problem arose: what to do with the excess glycerin? 

The present work targets the utilization of the excess amounts of crude glycerol and waste (from 
beverage bottles) PET by its conversion to depolymerizate which can be used further as initial material 
in various fields. The studies on the structure are important for the characterization of the 
depolymerization products.  

 

2. EXPERIMENTAL 

2.1. Materials   
Polyethylene terephtalate was obtained from waste beverage bottles. They were immersed for 1 h in 
1% aqueous solution of sodium hydroxide to remove the surface contamination, washed with water 
and dried at 80C. They were then cut to scraps sized 0.8-1.2 mm. Crude glycerol was supplied by 
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Bioenergy Co., Bulgaria. Ethylene glycol and all other products were supplied by Aldrich. They were 
used as received. 

2.2. Depolymerization of polyethylene terephtalate 

The depolymerization was carried out in a microwave oven DAEWOO KOR 6485. A hole was cut in 
the back panel to mount a condenser as described by N.D. Pingal and S.R.Shukla [32]. For the 
depolymerization with CGly, 4.8 g PET (0.025 mol) and 10.4 g CGly (0.10 mol) were weighted. The 
amount of CGly was calculated assuming glycerin content of 89%. For the depolymerization with EG, 
4.8 g PET (0,025 mol), 9,3 g EG (0,15 mol) and catalyst zinc acetate 0,2 % (w/w) were weighted. 
Heterogeneous mixtures of solid PET and liquid depolymerizing agent were obtained. Each of the 
mixtures was placed in the microwave oven and certain irradiation power was set so that temperature 
of 220C was maintained during depolymerization with CGly or 190C by depolymerization with EG. 
The depolymerization periods were varied from 5 to 12 min. The products obtained were separated in 
fractions.  

2.3. Fractionation 
To the depolymerized product, 20 ml hot distilled water was added. The mixture was thoroughly 
stirred and decanted. The solid residue was placed in a beaker and 40 ml water was added. The 
solution was boiled for 5 min and decanted. Finally, 10 ml boiling water were added and the product 
was hot filtered through sintered glass filter equipped with water pump. Substance which would not 
pass the filter was denoted as “C” – water insoluble fraction. The filtrate was left to cool to room 
temperature. A fraction precipitated to the bottom which is insoluble in cold water. It was also filtered 
and denoted as fraction “B”. The retained filtrate was concentrated and placed in refrigerator for 24 h 
at 4C. The precipitate obtained was filtered and denoted as “A”. For the analyses, all the fractions 
were dried at 80C. 

2.4. Methods 

2.4.1. X-ray Diffraction 

An X-ray diffractometer with Iris-M generator and URD-6 goniometer (2qo) (Germany) were used to 
record the X-ray diffractograms with Ni-filtered Cu radiation (l<a>= 1.5418 Å). The polymer samples 
were deposited on alumina holders without using heating or high pressure technique. Measurements 
were performed at room temperature (25 oC). 

The diffractograms allow determining the degree of crystallinity of the samples studied.  

The integral intensity of the crystalline halo Ic is proportional to the crystalline phase of the polymer 
while the integral intensity of the amorphous halo Iа – to the amorphous phase [32]. 

                        I c = p.Xc                                      /1/ 

    Ia = q.Xa = q.(1 -Xc)                                                           /2/ 

From diffractograms of samples with different contents of crystalline and amorphous phase, the 
dependence: 

       Ia  = f (I c)                                                                              /3/ 

was plotted. 

When working correctly, the dependence should be straight line with slope q/p and the crystalline part 
of each sample studied can be calculated by the formula: 

                                                  Xc =  1 / (1+ p.Ia/q.I c)                                                                /4/ 
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2.4.2. Differential trhermal analysis 

The derivatograms were recorded on a derivatograph „STA – TG-DSC/DTA F3 JUPITER” 
(NETZSTH – Germany) in the temperature interval from 20 to 650ºС in nitrogen atmosphere. The 
melting temperatures of the samples were determined from the DTA curves. The degree of 
crystallinity was calculated by the formula:   

                                                      Хс = ΔНm/ ΔHm
0                                                                     /5/ 

where: ΔHm – enthalpy;   ΔHm
0  - theoretically calculated enthalpy of fully crystalline PET, defined to 

be 140 J/g [33]. 

2.4.3. IR spectral method 
The viscous-liquid samples were prepared as film between KBr glass plates while the solid samples – 
as KBr pellets. The spectra were registered on an IR spectrophotometer FTIR „Tensor 27” in the range 
3996 -399 см-1  at resolution of 2. 

The crystalline and amorphous phases in the semi-crystalline depolymerisates were quantitatively 
determined as follows: In the fully amorphous samples, a band appears at 1370 сm-1

, corresponding to 
the deformation vibrations of СН2 in cis conformation [34]. The light absorption of this band is: 

                                                        А1370 = а1370 Ха..b,                                                                 /6/ 

where: А1370 – absorbance of the band at 1370 см-1;   а1370 – absorption corfficient of the band at 1370 
сm-1; Ха – amorphous phase, mol %; b – sample thickness, cm.  

With the formation of the crystalline phase, the intensity of the band at 1370 сm-1  decreases and the 
intensity of the band at 1343 сm-1  increases. The absorbance of this band was determined by the 
formula:   

                                             А1343=  а1343 Хс b + a 1́343 . Xa.b                                                      /7/ 

where: Хс – crystalline phase, mol %. 

For polycrystalline polymers and oligomers, the quantitative determination of crystalline and 
amorphous phase was performed by calculating the ratio between the two bands: 

                         А1343/ А1370 = [а1343.Хсb + a 1́343 . Xa.b] /а1370 Ха..b = K Хс/1-Хс + Ko                          /8/                                                                 

where: K= а1343/ а1370 = 6,10;  Ko = a 1́343/ а1370=0,93 

2.5.4. NMR 
1H NMR spectra were recorded on BRUKER AC 400 spectrometer with TMS as proton reference. All 
spectra were measured in D2O solutions and the chemical shifts () are given in ppm. 

 

3. RESULT AND DISCUSSION 

The PET de4polymerization was carried out with CGly obtained from the production of biodiesel.. the 
glycerol (Gly) content in CGly was 89% . The impurities found were: organic acids – 4,6 %, biodiesel 
– 2,4 %, glycerides – 2,1 %, sodium phosphates – 1,9 %. The depolymerization was carried out under 
microwave irradiation in an microwave oven according to method described in 2.2. A number of 
experiments were performed to determine the optimal power of the microwave radiation and proper 
ratio of the initial monomers. Table 1 shows some of the results obtained. The ratio between the initial 
reagents was Gly : PET = 4. With the increase of this ratio, the process rate increased and the 
equilibrium shifted to lower molecular weight. The present study had a practical aim – finding the 
optimal conditions for the preparation of depolymerized products which could be used as plasticizers 
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in rubber blends for electric insulation. This ratio turned out to be the optimal one. For comparison, 
depolymerization of PET with EG was also carried out. These glycosates were used as reference for 
comparison. It is well known /27/ that the degree of crystallinity of these glycosates is high (50 %) due 
to the possibility for the molecules to form well arranged structures.  

The depolymerization was carried out at microwave power of 100 W for 5, 6, 7, 8, 9, 10, 11 and 12 
min (Table 1). 

 

Table 1. Ratios between the initial materials, temperature, process duration and fractions yields 
obtained from the depolymerization of PET with CGly and ethylene glycol 

№ Initial materials Process 
temperature, 

°C 

Process 
duration, 

min 

Fraction yield, g 

CGly, 

 g 

Gly:PET, 

mol 

EG:PE, 
mol 

А В С 

1. 10,4 4  220 5 - 0,0 4,8 

2. 10,4 4  220 6 - 0,1 4,6 

3. 10,4 4  220 7 - 0,2 4,5 

4. 10,4 4  220 8 - 0,5 4,1 

5. 10,4 4  220 9 - 1,1 3,4 

6. 10,4 4  220 10 - 2,6 1,2 

7. 10,4 4  220 11 0,1 3,8 - 

8 10,4 4  220 12 0,7 3,1 - 

9   6 190 9 - 0,6 4,0 

10   6 190 12 0,8 3,0 - 

 

The basic process taking place was glycolysis. Glycolysis can be described as a molecular 
depolymerization process by transesterification between PET ester groups and glycerol. It can be 
generally expressed as follows: 

 

Scheme 1. Glycolysis of PET by  CGly 

 

When the process ended, the products obtained were separated into fractions as described in 2.3. Three 
fractions were separated for each run – A, B and C. Fraction C contained oligomers with the highest 
molecular weight and it was obtained at glycolysis duration up to 10 min while fraction A was 
observed at longer depolymerization times – 11 and 12 min. 
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The aggregate state of the individual fractions was different at room temperature. The oligomers in 
fraction C were solid and had the highest molecular weight. Fraction B contained oligomers in 
viscous-liquid state. The lowest molecular weight had the products in fraction A which looked like 
fine paste.  

3.1. Study on fraction C 
The process of depolymerization was carried out under microwave power sufficient to maintain 
temperature of 220C. According to Campanelli /35/, the homogeneous phase forms at 245°C, i.e. 
below 245C there was solid phase scattered in liquid phase. 

With the increase of the degree of depolymerization, the mechanical properties of the solid phase were 
observed to change – it became brittle and crumbly. There are only a few studies on this stage of the 
depolymerization when two phases coexist – liquid phase with more or less crystallized solid phase 
[26,28]. Thus, the change of crystallinity is unknown during the depolymerization.  

We determined quantitatively the degree of crystallinity of fraction C by three different methods: X-
ray diffraction, differential thermal analysis and infrared spectroscopy. 

To determine the degree of crystallinity by X-ray diffraction, the diffractograms of all the solid 
samples described in Table 1 were recorded. (For convenience, further in the text fraction C from 
synthesis №1 in Table 1 is denoted as 1C, the one from synthesis №2 – 2C, etc.). All the samples were 
found to be semi-crystalline. Beside the amorphous halo, the diffractograms showed reflexes 
indicating for the presence of crystalline phase /Fig.1/. Comparing the diffractograms of the products 
obtained from the depolymerization of PET with CGly and EG, they were considered to be analogous. 
Therefore, the glycerol units did not form new crystal lattice when bonding into oligomer molecules. 

An important feature of the diffractograms is that the ratio between the integral intensities of the 
amorphous and crystalline haloes indicates the quantitative ratio between the amorphous and 
crystalline phases in the semi-crystalline oligomers. This allowed determining quantitatively the 
content of crystalline phase at different depolymerization times. The integral intensities Ia and Ic of the 
amorphous and crystalline halo, respectively, in 2θ interval from 10 to 33 and the dependence Iа = f(Iс) 
was plotted  (Fig.2) 

Obviously, the points lied on a straight line and its slope (-0.9406), cut-offs and correlation coefficient 
R were determined. The straight line provides possibility to calculate the degree of crystallinity of the 
semi-crystalline samples obtained by glycolysis of PET with CGly (Table 2).  

As can be seen, the degree of crystallinity is increased with depolymerization time from 5 to 8 min and 
decreased for 9 and 10 minutes.  

This correlates well with the results obtained by differential thermal analysis. The DSC curves of all 
the samples had an endothermic effect (Fig.3).  

The peak maxima correspond to the melting temperatures of the samples. Obviously (Fig.3), the 
samples of fraction C obtained by depolymerization of PET with CGly had melting temperatures from 
249,4 to 235,5 °C. Using the relationship between the molecular weight and the melting poind of 
oligomeric diols[36], the average  molecular weight of the glycolyzed products was estimated to be 
larger than 1000. 

The area of the endothermic peak allows calculating the change of enthalpy by sample melting. The 
degree of crystallinity (Table 4) was calculated by formula (5).   
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 Fig.1. Visualization of the crystalline and amorphous haloes in a semi-crystalline sample of fraction C 

of the products obtained from the depolymerization of PET with CGly 

Fig.2. Dependence Iа = f(Iс) for fractions C obtained by depolymerization of PET with CGly 

 

 

Table 2. Degree of crystallinity of fractions C from table 1, as determined by X-ray diffraction 

Sample 
№ 

Degree of crystallinity determined by Х-ray diffraction 

Ic Ia Xc 

1С 17140 46300 28 

2С 20100 43500 33 

3С 23500 40000 38 

4С 27270 36720 44 

5С 22500 41000 37 

6С 18630 44500 31 

 

y = -0,9406x + 62249
R2 = 0,9975
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Fig.3. DTA – curves of fractions C obtained by depolymerization of PET with CGly  
 

Table 3. Parameters calculated from the DTA curves for fraction C from Table 1  

Sample № Melting temperature 
(°C) ΔHm (J/g) Xс(%) 

1С 249,4 38,01 27 

2С 246,9 44,83 32 

3С 238,4 51,88 37 

4С 240,2 60,48 43  

5С 236,6 50,76 36 

6С 235,5 42,39 30 

 

Beside the shift of the endothermic effect, a change in the endothermic effect area and, respectively, 
the degree of crystallinity, was also observed. The results confirmed that the degree of crystallinity increases with depolymerization time 
from 5 to 8 min, after 8 minutes crystallinity decreasing is observed..  

The crystallinity of the samples of fraction C was studied also by IR spectroscopy. They were based 
on the deformation “rocking” vibrations of the methylene groups of the ethylene terephtalate units. A 
band at 1370 см-1 was observed in the IR spectra of the amorphous samples, corresponding to the 
deformation “rocking” vibration of the methylene groups in cis configuration. By the formation of 
crystalline phase, the intensity of this band decreased and a band appeared at 1343 см-1 corresponding 
to deformation “rocking” vibration of the CH2 group but in trans configuration (Фиг.4). 

 
Fig.4. Visual representation of the arrangement of the CH2 groups in the ethylene terephtalate units in 

cis and trans configuration 
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The intensity of this band increased with the degree of crystallinity. The highest difference between 
the intensities of these bands was observed in the spectrum of sample 4C which was with the highest 
crystallinity (Fig.5). 

 

Fig.5. Change of absorbance of the bands at 1343 and 1370 см-1 for samples 1C (―) and 4C (—) 

 

From the IR spectra of the depolymerisates of fraction C, the absorptions at 1343 and 1370 см-1 were 
read and the degree of crystallinity was calculated  (Table 5). 

 

Table 5. Results for the degree of crystallinity of fractions C from Table 1, obtained by FT IR. 

Sample № А1370 А1343 Хс,% 

1С 0,11 0,36 28 

2С 0,10 0,41 34 

3С 0,09 0,46 41 

4С 0,08 0,52 48 

5С 0,09 0,43 39 

6С 0,10 0,38 32 

 

Comparing the results obtained for the crystalline phase content in the solid samples calculated by 
three different methods, it can be seen that they differed by about 4 % and the difference was 
suggested to be for two reasons. First, the boundary between the crystalline and amorphous zones is 
indistinct rather than definite and second, it depends on the method of determination. With X-ray 
analysis, the diffraction of X-rays is used, with DTA – the sample melting and with IR – the 
configuration state of the methylene groups. Nevertheless, the three methods proved that the 
depolymerisates of fraction C obtained from PET and CGly are semi-crystalline and their degree of 
crystallinity increases with  depolymerization time from 5 to 8 min.  

The increase of the degree of crystallinity is related to the changes in oligomer properties – full loss of 
their plastic properties and significant increase of their brittleness and crumbliness.  

The results indicate that the depolymerization starts in solid phase by glycolysis of the amorphous 
interlamellar chains. During depolymerization, crystallinity grows for the following reasons [25]: 
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- Solubilisation of the amorphous zones 

- Selective chain scission in amorphous zone, leading to shorter chain segments wich become 
sufficienty mobile to enter into the crystalline phase 

3.2. Studies on fraction B 

The internal tensions engendered by this chemical modification cause cracks, delamination and 
mechanical disintegration of the polymer. The transformation into liquid phase is then strongly 
accelerated and the solvolysis of the depolymerization products continues in the liquid phase, up to 
equilibrium. 

It can be seen from Table 1 that when PET was depolymerized with CGly for 11 min, there was no 
fraction C in the products obtained. Almost all (90%) of the depolymerization product was in fraction 
B. It was well soluble in hot water but insoluble in cold water. This is the fraction of practical interest. 
It was obtained aiming to use it as plasticizer in rubber blends for electric insulation. The preliminary 
studies showed that the introduction of fraction B up to 20 mass p. in the blends did not give worse 
physic-mechanical or electric insulation properties.  

The thermal stability of the oligomers of fraction B was studied (Fig.6).  

 

 
 

              Fig.6. ТG curves of PET (―) and fractions 7B(―) and 10B (―)from Table 1  

 

Two steps were observed in the TG curves of fractions 7B and 10B, indicating for weight loss. The 
small loss at 220°C is connected with the incomplete removal of fraction A. The weight loss for 
fraction 7B (about 30%) at 270°C corresponds to thermal decomposition of oligomers – dimers, 
trimers and tetramers. The second weight loss was about 65% and started at about 400°C. It was due to 
the thermal decomposition of PET obtained by the thermal polymerization of the oligomers during the 
thermogravimetric process of analysis [16]. Using the  SEC method, the molecular weights of the 
compounds in fraction B were proved to be from 470 to 980 which correlates well with the results 
from the TG analysis. 

Fig.6 shows also the TG curve of the initial PET and fraction 10B obtained by depolymerization of Pet 
with EG (synthesis №10 in Table 1). It should be noted that the maximal decomposition rate of 
fraction 7B was observed at temperature lower than that for fraction 10B. Probably, the reason for this 
is the lower molecular weight which can be obtained by the polymerization of the oligomers 
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containing Gly units. Therefore, the polymerization of the oligomers in fraction 10B was impeded by 
the presence of Gly units or impurities in it. 

The X-ray diffractograms of the products were recorded to observe only amorphous halo (Fig.7, 
curves (a) and (b)). The DSC curves did not show endothermic effect of sample melting and the IR 
spectra did not contain the crystalline phase indicating band at 1343 см-1. 

The same experiments were carried out after 6 months storage of the depolymerized products at room 
temperature. The results obtained were the same (Fig.7, curves (c) and (d).  

 

 
Fig.7. Diffractograms of fractions 7B and 8B before (a, b) and after (c, d) 6 months storage at room 

temperature. 

  

This can be explained with the glycerol molecular structure which differs from that of the ethylene 
units. Thus, the so called “structural inhomogeneity” occurred to impede the arrangement of the 
segments in the molecules. Furthermore, the presence of lubricants, soaps and biodiesel (which 
contain CGly although in small quantities) increased additionally the defects in the spatial 
arrangement of the molecules. The resulting oligomer molecules could not arrange tp sufficient extent 
and crystalline phase was not formed. In this case, this is a positive effect since the product is storage-
stable oligomers.  

3.3. Studies on fraction A  

It was obtained in very small quantities under the experimental conditions employed. It has ne 
industrial significance but is of certain scientific interest since it had the highest content of Gly units. 
The TG curve of fraction A (Fig.8) showed weight loss at 220°C corresponding to monomers, a small 
step at 250°C resulting from the decomposition of residual dimers and weight loss at 400°C – 
decomposition of PET obtained by thermal polymerization of monomers and dimers during the 
thermogravimetric experiment. As can be seen from the DTG curve, the maximal decomposition rate 
was observed at 444 °C. It should be noted that the DSC curve did not have endothermic peak for 
melting. It confirmed that fraction A obtained by depolymerization of PET with Gly was in amorphous 
state. 
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Fig.8. ТG, DTG and DTA curves for fraction A obtained by depolymerization of PET with CGly  

 

The chemical bonds forming by the depolymerization of PET with CGly were studied by IR 
spectroscopy and 1Н NMR. Both spectra were compared to the corresponding ones for glycosates 
obtained from PET and EG. The following absorption bands were observed in the FT IR spectrum of 
fraction A (Fig.9): multiplet in the interval 3100-3000 cm-1 for the valent vibrations of the C-H bonds 
in the benzene nuclei; bands in the interval 3000-2800 cm-1 for the valent vibrations of the methylene 
groups; band at 1722 cm-1 corresponding to the valent vibrations of carboxyl group in esters; bands at 
1614 and 1578  cm-1 for the valent vibrations of the С=С bond in the benzene nuclei; bands at 1456 
and 1411 cm-1 for the deformation vibrations of the СН2 groups. It should be noted also that a shoulder 
appeared for the band of the valent vibrations of the C-O-C bonds at 1271 cm-1 which means that a 
new kind of ether bond was formed.  A new band appeared at 1102 cm-1 for the valent vibrations of  
С-О which is characteristic for secondary hydroxyl groups. The spectrum in the range of the 
dactyloscopic mark 1300 – 740 cm-1 was also changed.  

 

 
Fig.9. FT IR spectrum of fraction A obtained by depolymerization of PET with CGly 
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The following considerations were drawn from the 1Н NMR spectrum of fraction A obtained from 
depolymerization of PET with CGly (Fig.10): the signal at δ 8.15 ppm indicated the presence of the 
four aromatic protons of the benzene ring; the signals at δ 4.4 and 3.9 are characteristic for the 
methylene protons of COO–CH2 and CH2OH, respectively; the triplet at δ 4.15 ppm was attributed to 
the protons of the hydroxyl group. Besides multiplets at 3,7 and 4,5 ppm for the methyn protons in 
СН-ОН and СН-СОО, respectively, as well as signals at 7,93 and 7,98 ppm indicating for cyclic 
structures forming during the depolymerization. 

 

 
Fig.10.  1Н NMR spectrum of fraction A obtained by depolymerization of PET with CGly 

The results obtained from the spectral methods showed that the secondary hydroxylic groups also take 
part in the process of depolymerization which gives branched structures and cyclic compounds.    

 

4. CONCLUSIONS 
PET was depolymerized with CGly under microwave irradiation and depolymerization time from 5 to 
12 min. The products obtained were separated into three fractions – A, B and C. Valuable data were 
obtained for each fraction.  

Fraction C contained oligomers with average molecular weight higher than 1000. It was semi-
crystalline and its crystallinity increased with depolymerization time from 5 to 8 min. The results 
confirmed the opinion of other authors that the depolymerization starts in the amorphous phase and 
this is why its content decreased. Simultaneously, the ability of the shorter segments to orient 
improves which also leads to increased degree of crystallinity. 

Fraction B was in viscous-liquid state. The molecular weight of the oligomers was in the range 470-
980. The yield of this fraction was the highest for depolymerization times of 11 min. It was amorphous 
and did not crystallize after 6 months storage at room temperature. It was suitable for application in 
various fields of industry, e.g. as plasticizer in rubber blends for electric insulation materials.  

Fraction A had the lowest molecular weight. It was used to determine the chemical bonds in the 
depolymerizaets of PET with Gly. Besides the transesterification processes of Gly with the ester 
groups of PET along scheme 1, it was found that processes of etherification might occur at the expense 
of the secondary hydroxyl group and cyclation.  

The work has certain ecological, scientific, practical and economic significance 
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Abstract 

The question concerning which place Latvia takes in the EU rating of rail transport reliability and 
safety has been studied. Statistical data of annual index of railway track maintenance of 25 European 
countries was used as initial information taken from Directive 2008/110/EC of the European 
Parliament and of the Council of 16 December 2008 amending Directive 2004/49/EC on safety on the 
Community’s railways (Railway Safety Directive) ERADIS – European Railway Agency Database of 
Interoperability and Safety - archive [1]  

The derived values served as a foundation for country clustering – EU member states - into the quite 
homogeneous groups in terms of railroad passenger and freight transportation safety. 

Key words: methods of clustering, statistical data, data filtration, ratings 

 

1. INTRODUCTION 
Railroad transport is, perhaps, the most reliable and the safest mean of transport among the traditional 
types of transportation – air, sea, motor. However, the transportation of passengers and freight is 
connected with the possibility of non-observance of the both-sides negotiated conditions, violation of 
the loading and unloading works requirements, formation of the emergency situations in the result of 
which the passengers or freight can be seriously damaged and estimated as the number of the injured 
people and (or) money equivalent of the expenses necessary for rectification.  

The question concerning which place Latvia takes in the EU rating of rail transport reliability and 
safety has been studied. Statistical data of annual index of railway track maintenance of 25 European 
countries was used as initial information taken from Directive 2008/110/EC of the European 
Parliament and of the Council of 16 December 2008 amending Directive 2004/49/EC on safety on the 
Community’s railways (Railway Safety Directive) ERADIS – European Railway Agency Database of 
Interoperability and Safety  - archive.  

 

2. RETRIEVAL SELECTION FOR EU COUNTRIES CLUSTERING. 

Information about the amount and conditions of passenger and freight transportation, infringements 
that occur as well as the financial expenditures which are necessary to eliminate the infringements are 
given in ERADIS reports. The reports, in particular, contain detailed information about the observed 
railroad infringements which are classified according to their types and countries. All the data was 
processed and undergone cluster analysis. In the process of this analysis the greater part of variables 
presented in the database was filtered. 

Thus, the absolute amount of the injured in the accidents classified into the following groups was of no 
interest for the analysis  
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 Number of Collisions of trains, including collisions with obstacles within the clearance gauge 

 Number of train derailments 

 Number of Level-crossing accidents, including accidents involving pedestrians at level-
crossings 

 Number of Accidents to persons caused by rolling stock in motion, with the exception of 
suicides 

 Number of Fires in rolling stock 

 Number of Other accidents 

 

For the same reason this classification does not allow to eliminate considerable differences between 
the EU member states even if we use relevant values of number of accidents calculating for 1 km* 
train or 1 km* passenger. 

Statistics shows that the bigger part of accidents on the European railroads happens as a result of 
suicides committed by EU residents on the territories located near the railroad bed.  In connection with 
that reason the given to km*trains amount of injured classified according to the given above scheme 
are not of much interest for clustering. 

Besides classification according to the accident types the ERADIS is differentiated according to the 
types of injured 

 

 Relative to "million" passenger kilometres total number of Passengers seriously injured 

 Relative to "million" train kilometres total number of Employees including the staff of 
contractors seriously injured 

 Relative to "million" train kilometres total number of Level-crossing users seriously injured 

 Relative to "million" train kilometres total number of Unauthorised persons seriously injured 

 Relative to "million" train kilometres total number of Other persons seriously injured  

The reports also contain the similar statistics on the amount of people who died in the process of 
railroad transport functioning. 

Besides that the ERADIS data contained information about the railroad technical condition and its 
infrastructure in all EU member states.  

The most interesting, the most complete and the most informative indices were selected out of the data 
(some countries do not present the full scope of information about railroad work) (table 1). 
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Table 1 Railroad technical condition and its infrastructure 

Index Sign Name 

F1 N  General number of accidents 

F2 NS  Number of suicides 

F3 TS General amount of seriously injured people 

F4 TK General number of killed on the railroad and bordering territories 

F4 I  General number of incidents and breakdowns 

F5 C  Cost   of incidents consequences elimination.   

 

F6 T1  Percentage of  rails with the automatic train protection in action 

F7 T2  General number of railroad level-crossings per one kilometre of 
the line 

F8 T3 Percentage of the railroad with automatic or manual protection 

 

All indices besides, of course, T1, T2 and T3 were taken for every country at a rate of 1*km train.  

To remove all influences of considerable difference of the index meaning Fk(C) (C – country) on the 
result of clustering they underwent additional correction. Average meaning of   corresponding indexes 
F0k in all countries were calculated and their relative meanings for every country were figured out 
(table 2). 

 

k
0F

)C(
k

F
)C(kf 

 (1)
 

 

The derived values served as a foundation for country clustering – EU member states - into the quite 
homogeneous groups in terms of railroad passenger and freight transportation safety. 

 

Table 2 Relative meanings for every EU country 

  N NS TS TK I C T1 T2 T3 

AT 0,314 1,046 0,510 0,364 0,025 0,000 1,531 1,874 0,564 

BE 1,213 0,000 1,363 0,335 0,742 0,000 0,160 0,768 1,600 

BG 4,352 1,372 1,652 1,856 0,631 0,138 0,254 0,367 1,126 

CZ 0,389 1,630 1,212 0,372 0,031 0,405 0,004 1,693 0,488 

DK 0,144 0,522 0,167 0,217 1,476 2,024 1,222 0,941 1,086 

EE 1,841 0,246 1,054 1,637 0,226 0,175 0,535 0,353 0,968 

FI 0,260 1,740 0,172 0,584 0,184 5,577 1,776 1,091 0,397 

FR 0,429 0,952 0,214 0,254 0,304 0,000 1,372 1,137 1,436 
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DE 0,161 1,219 0,228 0,233 0,234 0,000 2,076 0,797 1,165 

EL 0,968 0,084 2,090 1,189 2,872 0,729 0,000 0,945 1,422 

HU 0,728 1,815 0,840 1,561 1,232 0,000 0,000 1,278 1,165 

IE 0,155 0,756 0,092 0,269 0,308 0,341 0,115 1,187 0,395 

IT 0,162 0,666 0,158 0,258 0,073 0,000 2,110 0,680 1,649 

LV 1,600 0,821 2,421 2,198 0,130 1,277 0,892 0,310 1,185 

LT 2,202 0,000 1,254 3,742 0,505 0,053 0,577 0,549 1,481 

NO 0,153 0,266 0,033 0,032 0,511 1,047 1,707 2,236 1,975 

PL 2,020 0,199 1,808 2,038 4,143 0,089 0,000 1,137 0,666 

PT 0,895 2,134 1,424 1,488 0,408 8,031 1,183 0,797 0,737 

RO 3,287 0,538 3,696 3,202 6,294 0,113 1,210 0,650 0,580 

SK 2,253 2,095 1,175 1,680 0,320 0,400 0,426 1,430 0,961 

SI 0,917 1,773 3,111 0,663 2,374 0,106 1,545 1,407 0,652 

ES 0,191 1,447 0,135 0,318 0,343 0,000 2,261 0,344 0,697 

SE 0,170 0,916 0,066 0,139 0,780 2,834 1,661 1,616 0,612 

NL 0,096 2,103 0,066 0,213 0,389 0,005 2,283 0,922 1,507 

UK 0,098 0,660 0,058 0,159 0,465 1,658 0,098 0,489 0,486 

 

Single linkage method was used as the methods of clustering (Picture 1). Here the distance between 
two clusters is determined by the nearest objects (the closest neighbours) in different clusters.  

This method allows to select clusters of any complicated shape provided that the different parts of 
those clusters are connected with the chains of elements which are close to each other.[2]  

As the result of this method work clusters are presented as separate elements which happen to be close 
to each other quite accidentally. 

The Complete Linkage Method (Picture 2) is when the distance between clusters is determined by the 
maximum distance between any two objects in different clusters (it means “the most remote 
neighbours”). 

As a distance between two clusters in the Unweighted pair-group average method the average distance 
between all pairs of objects in them is taken.[3] 
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Fig. 1. Single Linkage Method 

 

Tree Diagram for 25 Cases
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Fig. 2. Complete Linkage Method 

 



Journal of International Scientific Publications: 
Ecology & Safety, Volume 5, Part 2 

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

 

 
267 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

 

Tree Diagram for 25 Cases
Unweighted pair-group average
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Fig. 3..  Unweighted pair-group average Method 

 

Ward’s method is illustrated on Picture 4 but Euclidean distance was chosen as a norm. 
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Increase of square sums is used as a distance from objects to the cluster centres which is received in 
the result of their aggregation. Unlike other methods of cluster analysis estimating the distance 
between clusters, here the methods of dispersing analysis are used. At every algorithm step such two 
clusters are united which leads to the minimal increase of the target function that is inner-group sums 
of squares (3). 

Dendrograms got by different methods are presented on pictures 1,2,3,4. We can see there which EU 
countries are more or less close to each other in terms of reliability and safety. 

Ward’s method was chosen for the further study where minimal dispersion is optimized inside the 
clusters. As a result clusters of approximately the same size are formed. 

25 countries presented in the report were divided into clusters in quite expected way. 

 Cluster No.1   Latvia, Lithuania, Estonia, Hungary, Bulgaria, Slovakia formed their own 
cluster where due to some imperfection Belgium found itself; 

 Cluster No. 2 Finland and Portugal took special position; 

 Cluster No. 3 That is the most powerful cluster where the old EU member states such as 
France, Germany, Great Britain, the Netherlands (all together 12 countries) formed a group;  
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 Cluster No.4 Poland, Romania, Slovenia and Greece were distinguished into the separate 
cluster. 

Tree Diagram for 25 Cases
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Fig. 3..  Ward’s method 

Diagram of average meanings of normed indices for every cluster is given on picture 2. 
 

Plot of Means for Each Cluster
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Fig. 4. Average meanings of normed indices of clusters 
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The distinguishing peculiarity of countries which form cluster No. 1 is the high level of accidents N2 
that is two times excessive than the average level in Europe and considerably surpassing the average 
number of death cases at a rate of 1 km*train TK1,86 (picture 3). 
 

 
 

Fig. 5. The average meaning of normed indices for cluster No.1 
 

Rail provision with the automatic train protection is 2,5 times less than generally in Europe T10,4. 
We should mention that the financial funds given for elimination of accidents consequences in cluster 
No. 1 countries are three times less than averagely in the EU: С0,29 

 

CONCLUSIONS 

As the practice shows, the frequency of such accidents in different regions and in different historical 
periods is not the same. It is known that every event has got its reason or is the result of the whole 
range of circumstances and the possibility of it depends on the general situation. The task of the 
analytic is to eliminate the most important indexes or factors from the diversity of events and 
properties of the real world in such a way that they would reflect the existing situation and to explain 
the reason of their appearance. 

The leading experts of the EU have worked out and suggested to use their own system of railroad 
accident classification and have made a list of factors that are visible and can undergo statistical 
analysis and describe the situation in the regional transport systems. Basing on their method, the 
authors unified the rage of basic factors taking into account the extension of the railroad and the 
population of some regions tried to find the connection between the acquired indexes and the accident 
statistics.  

In this article the EU membership countries clustering into groups is made according to passengers 
and freight transportation safety on the railroad.  

The use of the work results and the further analysis of the social-economic indexes of the countries in 
the groups can help to work out the safety measures on the EU railroads.  
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Abstract 

The model of soil erosion and restoration of protective functions of the forest of Baikal lake region is 
developed. The model is based on GIS-technologies and includes digital relief, hydro-meteorological, 
geomorphologic, soil-vegetative and erosive blocks. The model is applied for the description of 
processes of erosion intensity and restoration of protective function of northern Khamar-Daban. 

Key words: Baikal lake forest, GIS-technologies, modeling, soil erosion. 
 

1. INTRODUCTION 

Forest maintains high reservoir and stream channel water quality and prevents soil erosion. These are 
important forest ecological functions, which should be considered in planning forest use activities, 
such as identifying forest areas highly important for environment conservation, establishing recreation 
zones, building road systems, project-related communications, etc. Forests perform these functions 
more effectively than other ecosystems due to high forest soil water permeability and the presence of a 
canopy tree layer that intercepts a part of precipitation and reduces rain drop destructive effect. 

The efficiency of the above forest function performance depends on regional geography, forest 
characteristics, and other factors. Mountain forests have a much greater role in water protection 
compared to plain forests and it varies among altitudinal forest belts. In this regard, high- and middle-
mountain forests have the highest importance, as this is where the major part of surface runoff is 
developed. Soil erosion rate depends on soil properties, topography, and moisture conditions, the latter 
determining surface runoff development. Forest cover disturbances, primarily human-caused living 
ground vegetation disturbances, inducing soil mineralization result in decreasing forest environment 
conservation functions. 

Contrasting geographical conditions characteristic of Khamar-Daban, one of the highest mountain 
chains of southeastern Baikal region, are reflected in distribution of meteorological elements across 
this area. Khamar-Daban elevation above sea level averages 1200-1300m, with some mountain tops as 
high as 1500 m; talus is abundant on hill crests, slopes are dissected by deep and narrow valleys. 

Climate of the area of interest is controlled by Baikal Lake and considerably elevated topography. 
Markedly diverse relief results in an extremely non-uniform precipitation pattern. Annual precipitation 
varies from 250 to 1400mm. Since Baikal basin mountain massifs stretch mainly from southwest to 
northeast and northwest air mass transfer prevails throughout the year, (upwind) northwest-facing 
slopes receive much more precipitation than (downwind) slopes (Afanasyev 1976; Ladeyshchikov 
1982). Distribution of meteorological elements largely controls soil and vegetation patterns. While the 
moister Khamar-Daban macro slope supports mixed fir/Siberian pine communities, south-facing 
(shaded) slopes are covered by light-needled Scots pine/larch stands. 
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2. MATERIAL AND METHODS 

2.1 Studying soil erosion is a challenging task, especially in mountains, because erosion is influenced 
by numerous interacting highly variable factors in mountainous areas. An effective way to accomplish 
these tasks is through modeling. The model described in this paper in based on GIS technologies and 
involves a digital elevation model (DEM), hydro climatic, geomorphologic, soil-vegetation, and 
erosion compartments. 

The model hydro climatic compartment incorporating DEM and empirical models relating 
characteristics of meteorological elements and climate with topography and time-specific weather 
parameters provided by weather stations located on sample sites was based upon in modeling soil 
erosion processes. This model compartment considers general patterns of moisture transfer by air 
masses and the characteristics of these patterns specific to the region of interest. 

The northern Khamar-Daban macro slope, for which spatial and temporal soil erosion patterns were 
modeled, is a “barrier” type of landscapes and is situated perpendicular to the prevailing winds. The 
southern macro slope is a “shaded” landscape as it occurs in precipitation shade due to the regional 
prevailing northwestward moisture transfer. The northern Khamar-Daban slope contains two areas 
differing in moisture conditions and precipitation dependence on elevation (Lebedev et al. 1979). One 
area (1000-1250 m a.s.l.) includes basins of Bolshaya, Manturikha, Mysovka, Pereyemnaya, 
Mishikha, Pokhabikha, and Bezymyannaya rivers. The other area (1200-1500 m a.s.l.) includes basins 
of Khara-Murin, Utulik, and Snezhnaya rivers. This latter area is non-uniform regarding moisture 
conditions and is divided into two subregions – eastern subregion encompassing Khamar-Daban table-
land and western region covering the western edge of Khamar-Daban mountain range receiving much 
precipitation. Three areas differing in precipitation relationship with elevation can thus be identified 
on Khamar-Daban northwest-facing slope. These differences are attributable to topographic diversity 
of this part of the region under study and Khamar-Daban table-land orientation regarding the 
prevailing air mass transfer. 

2.2Spatial precipitation pattern modeling 

For this reason, Burenina (Burenina 1998) proposed models considering characteristics of both 
western and eastern parts of Khamar-Daban. Elevation above sea level, distances from the barrier 
foothills, the “Angara Gate”, and other barrier located on the pass of moisture-carrying air masses 
were taken into account when building the precipitation model (Onuchin 1987; Burenina 1998). 

For the western part of Khamar-Daban north-facing macro slope, the spatial precipitation distribution 
dependence appeared to be: 

lnX = 5.41 – 0.024 L1 + 0.008 L2 + 0.003  + 0.0008 Xt + 0.126 ln H – 

- 0.18 ln L2 + 0.005 lnL1 lnL2 lnH,      (1) 

R2 = 0.64, F = 74.3; 

And that for the eastern part: 

ln X = 6.89 – 1.28 ln L1 + 0.14 lnH lnL2 – 0.0046 Xist / lnL2 + 

+ 0.0018 Xt / lnL2 + 0.0005 Xist lnL2,     (2) 

R2= 0.75, F = 220, 

where H is elevation above sea level, m; L1 is distance from barrier foothills into the mountain system 
in the prevailing wind direction, km; L2 is beeline to the axis line (i.e., the air flow) running through 
the Angara Gate, km;  is slope, degrees; Xt and Xist are annual precipitation amounts recorded at 
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Tankhoy and Istok reference weather stations, mm; R2 is multiple correlation coefficient; and F is 
Fisher criterion. 

 

3. RESULTS 

These two equations were incorporated into the precipitation distribution model built using GIS 
(Borisov, Onuchin & Burenina 2009). The model base was DEM of 100-meter resolution that 
provided high detail of spatial precipitation pattern. Since Equations (1) and (2) are markedly 
different, it was necessary to “stitch” them together along their applicability boundary found where the 
mountain range and Angara Gate axis intersect. The resulting modeled precipitation distribution is 
shown in Fig.1. 

The environmental role of forests covering about 70% of the total Baikal Lake basin are should be 
considered when studying soil erosion processes in this area. Surface runoff, the major factor 
accounting for soil erosion development, is an integral indicator of forest environment protection 
services. 

This model describes general relationships of spatial precipitation distribution with elevation, the 
prevailing air mass transfer direction, and precipitation totals obtained at reference weather stations for 
southeastern Baikal region. 

 

 
 

Fig.1. Spatial precipitation pattern found for the northern Khamar-Daban macro slope. 

 

From the soil-vegetation and geomorphologic compartments of our GIS-based model it is clear that, 
like in other mountainous systems, vegetation distribution across Baikal basin is controlled by 
elevation. The altitudinal vegetation belts that can be found in this region include subgolets-taiga, 
mountain taiga (dark- and light-needled conifers), pseudo taiga larch, sub taiga, and sub taiga-steppe 
(larch and Scots pine) belts (Forest Types… 1980). Soil water permeability, forest litter water 
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capacity, an erosion coefficient values vary widely among these altitudinal belts. Therefore, our 
erosion modeling effort took into account the fact that Khamar-Daban contains two of these belts – the 
subgolets-taiga and mountain dark-coniferous taiga belts. 

Subgolets forests and open woodlands occur as the upper tree line, elevation ranging 1700 to 2600 m. 
Soil water permeability is (1.3 ± 0.3)-(2.0 ± 0.9) mmmin-1, with permafrost thawing depth of 30-60 
cm. Surface runoff does not exceed 1% of the total precipitation, soil erosion coefficient ranges 210-7 
to 810-6, and annual erosion (sediment load) is not more than 0.6 tkm-2 (Krasnoshchekov, Kofman & 
Nazimova 2005). Mountain taiga forests constitute a forest belt (900-1400 m a.s.l) in the moderately 
moist parts of Baikal region. This belt is characterized by very a little surface runoff of not more than 
1.1% of the total precipitation. Sediment load is 0.001-3.2 tkm-2 annually and erosion coefficients are 
as low as 110-5 - 1510-5. Severe environmental conditions characteristic of heavily shaded slopes 
favor larch stands with feather moss/ledum-dominated ground vegetation supported by cryogenic 
soils, as well as typical and podzolized gley soils. These soils have low water permeability ranging 
(0.5 ± 0.1) to (1.2 ± 0.4) mmmin-1. Surface runoff does not exceed 0.3% of the total precipitation in 
the forest (Krasnoshchekov, Kofman & Nazimova 2005). 

Surface runoff under forest canopy is low due to high forest floor moisture capacity and soil water 
filtering capability. Groundwater flow is 90-98%, of which 60% is contributed from lower aquifers 
(Lebedev et al. 1986). While differences in soil type lead to erosion coefficient changes of 2-3 times in 
magnitude, it can be changed 30-100 times in magnitude depending on surface cover differences 
(forest, logging site, plough-land, virgin land). This allows us to conclude that areas disturbed by 
logging or fire are the major contributors to soil erosion. Sediment load does not exceed 200 tkm-2/yr 
on fresh clear cuts on up to 15-degree slopes and where the eroded part of a logging site is less than 
25% of its total area (Krasnoshchekov 2007), while it can increase up to 6000-9000 tkm-2 /yr where 
over 50% of living ground vegetation cover situated on slopes of 15-25 degrees and greater is 
disturbed. As for selective cuts, when 40% of the total standing crop is extracted, a noticeable increase 
in surface runoff occurs only on skidding trails accounting for 10-12% of the total site under logging. 
The following equation can be used to estimate the accumulated sediment load for such sites (Lebedev 
et al. 1979): 

M = i (Аn (1- Sl - Sf) + Al Yl Sl + Af Yf Sf),    (3) 

where i - is slope, degrees; Аn - erosion coefficient for not disturbed by logging and fire areas; Yn - 
surface runoff for such areas; Sl and Sf are areas disturbed by logging and fire, fractions of 1; Al and Af 
are respective erosion coefficients; and Yl and Yf is respective surface runoff for such areas, 
respectively. 

A linear equation provides a good description of changes of Al depending on soil mineralization rate 
within a logging site. For example, these changes can be described for forest stands with feather moss-
dominated ground vegetation as (Lebedev et al. 1979): 

Al = -0.009 + 0.166X,      (4) 

where X is soil mineralization index. 

Our study used a methodology that allowed us to use a single model to describe soil erosion rate, 
which was estimated before using different methods for the watersheds covered by this study ranging 
in size from a micro slope to an elementary watershed. An elementary watershed is a watershed of the 
smallest area having a clearly distinguishable stream channel, which is characterized by a no 
branching hydro-network, uniform topography, soil, and vegetation. Our soil erosion model has a high 
level of generalization due to the use of accumulated-flow slope length as an argument and use of a 
dummy variable reflecting the characteristics of the study methodology (Lvovsky 1988). The model 
describing slope- and elementary watershed-specific soil erosion rate is: 
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ln M = -9.3 + 0.95 ln X – 0.064 N ln L + 0.069 lnX ln m / ln L + 5.03 K + 

+ 1.49 ln I + 0.0162 ln((X-W)/In)  – 0.00026 ln((X-W)/In) 2,    (5) 

R2 = 0.86, F = 221, 

where M is sediment load, tkm-2; N is time since human disturbance (logging or fire), years; X is 
precipitation, mm; I is precipitation intensity, mmmin-1 ; m is soil mineralization rate, %; L is 
accumulated-flow slope length, m; W is forest litter moisture capacity, mm; In is soil water 
permeability, mmmin-1 ;  is slope, degrees; K is indicator reflecting study methodology 
characteristics (it was assumed to equal 1 when using sprinkling small plots with water and 2 when 
conducting in situ soil erosion observations); R2 is multiple determination coefficient; and F is Fisher 
criterion. All these coefficients appeared to be significant at a confidence probability level of 95%. 

 

4. DISCUSSION 

This model shows a monotonous increase in sediment load module with increasing total moisture in an 
area and soil mineralization on burned or harvested sites. This module decreases with increasing forest 
floor moisture capacity and soil water permeability. These sediment load trends, as well as slope-
related changes of soil erosion rate were addressed in previous studies (Gorbatenko & Onuchin 1976; 
Krasnoshekov & Onuchin 1990). 

Soil erosion relationship with time since last human-caused forest disturbance is especially important 
for understanding eroded site regeneration. Logging and burned forest sites recover gradually; they are 
initially occupied by grasses followed by establishment of shrubs and canopy trees. As time since 
disturbance grows longer, soil mineralization decreases, soil structure regenerates back to the pre-
disturbance structure, soil water permeability, forest floor loading and moisture capacity increase on 
successfully recovering logging sites and burns. As a result, newly established forest ecosystems begin 
to perform erosion prevention functions effectively. 

The above results were used to develop a GIS-based soil erosion model. This approach enabled 
estimation of soil erosion rate for a complex-topography area considering spatial precipitation pattern, 
slope, soil water permeability, forest floor moisture capacity, and time since last human disturbance. 
The model output is available in a digital form and as thematic maps that show area specific soil 
erosion rate depending on the factors used as the model inputs. Fig.2 presents soil erosion dependence 
on soil mineralization level for the study area. 

Studying post-human-disturbance recovery of forest water and soil conservation functions is critical 
for ecosystem investigation. Modeling their recovery allows us to quantify soil erosion development 
and extinction processes for a range of initial human disturbance severities, analyze factors controlling 
this recovery, and identify ecological “hot spots”. Our investigations showed that soil erosion 
decreased drastically 1-2 years following disturbance (Lebedev et al. 1979; Onuchin & Burenina 2000; 
Krasnoshchekov 2007). After this period of time, soil erosion was found to slow down gradually 
disregarding the immediate post-disturbance soil mineralization level. Living ground vegetation 
exhibited almost full recovery in smooth sections of skidding trails 5-7 years after logging. 

Soil erosion appeared not to exceed its background under-canopy level on 8-10-year-old logging 
sites. On these old logging sites, soil infiltration characteristics were observed to have almost 
recovered to the pre-disturbance state, as was clear from a comparison with control plots. This was 
due to vegetation regeneration on mineral soil patches, forest floor and organic soil buildup. 
Characteristics of logging sites of different age found in forests with feather moss-dominate ground 
vegetation are shown in Table 1 (Lebedev et al. 1979). 
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Table1. Characteristics of logging sites 

Logging site age, 
years 

Soil mineralization, 

% 

Young regeneration amount, 

Thousands of individuals/ha 

1 17,3 5,1 

3 13,3 0,3 

7 5,0 1,2 

9 - 18,5 

 

The above models (Equations 1, 2, and 5) were related with digital elevation models using GIS 
technologies to result in a highly detailed picture of disturbed area recovery dynamics depending on 
topography, hydro meteorological conditions, soil, vegetation characteristics, and immediate post-
disturbance soil mineralization level. 

These models can be considered as making a separate compartment of GIS “Forests of Baikal 
Region”, which enables soil erosion dynamics estimation and implementation of ecologically and 
economically justified forest use principles. Ecological and economical justification methods are a 
reliable forest management tool and they are nowadays greatly needed for estimating forest resource 
availability and developing forest use guidelines. The proposed approach will help to predict short- 
and long-term ecological and economical effects of different types of forest resource extraction, 
improve the current forest use system, and develop an appropriate socio-economic strategy. This 
approach should be based upon in a scientific analysis of the use of all direct and indirect forest 
services, and in making decisions regarding their intensive restoration, increasing forest productivity 
and environment conservation functions. 
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Fig.2. Soil erosion rates at soil mineralization of 0% (A), 10% (B) and 30% (C) on the north-facing 

Khamar-Daban macro slope. 
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