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Abstract
Mechanochemical hydrolysis of yeast biomass is demonstrated to serve as the basis for the
development of the technology of obtaining prophylactic preparations containing
mannanoligosaccharides in biologically available form. As a result of mechanical activation and
enzymatic hydrolysis of yeast biomass, the concentration of available mannanoligosaccharides in the
final product is 3.8 %, which is 2.9 times higher than that in the initial biomass. Biological tests
showed that the developed mannanoligosaccharide additives have a positive effect on the live weight
and gross liveweight gain of experimental animals. The technology of obtaining
mannanoligosaccharide products based on mechanochemical hydrolysis is characterized by simplicity
in performance and servicing, the use of only ecologically safe biorenewable components in the
technological process, availability and low price of the raw material used. The use of the DDGS as the
raw material containing yeast, and feeding with thus obtained preparation will allow poultry farms to
gain additional profit about 0.7 Euro per each animal.
Key words: mannanoligosaccharides, mechanoenzymatic hydrolysis, yeast, DDGS.
1. INTRODUCTION
Safety of human food is one of the most urgent problems today. In this connection, the requirements to
the quality of agricultural production are increasingly rigid. Special attention should be paid to the
situation with forage antibiotics; until recently, they have been the major means against intestinal
diseases in animal husbandry. During the recent decade, antibiotics have become compulsory
components of growth-stimulating preparations and are used not only against infections but also to
provide stable productivity of animals.
On the basis of numerous investigations confirming the accumulation of forage antibiotics in
agricultural products (meat, milk etc.) and due to an increase in the resistivity of microorganisms, the
countries of European Union prohibited since 2006 the use of synthetic forage antibiotics at their
territories (Brussels 2002). In this situation, replacement of synthetic forage antibiotics by their natural
ecologically safe analogs becomes an urgent problem.
Many pathogenic microorganisms have specific proteins (lectins) on their surface; through these
proteins they get fixed in the gastrointestinal tract (Firon et al. 1982; Gadjeva et al. 2004; Juul-Madsen
et al. 2007). These proteins are specific to the mannose receptors of cells in bowels. Mannose is the
major carbohydrate responsible for recognition and adhesion. It was established in the in vitro studies
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that 80 % of Salmonella typhimurium strains and 67 % of Salmonella enteridis possess lectins
sensitive to mannose, while adhesion of E. coli strains to mannose accounts for more than 65 %
(Speight and Downind 1991; Fairchild et al. 2001; Jacques and Newman 1993). It has also been
demonstrated that the addition of 4 g/day MOS into milk substitute for calves during the first 6 weeks
decreases the amount of E. coli and Cryptosporidium to the admissible standard value. The addition of
MOS into the ration of broiler chickens caused a substantial decrease in colonization of bowels with
Salmonella (Tzipori 1985; Smith et al. 1999; Dawson and Sefton 2006), and improved the general
level of the state of health of experimental animals (Kumao and Fujii 2006; Takao et al. 2006).
Promising antibacterial preparations are partially hydrolyzed yeast cell walls with
mannanoligosaccharides that are available for the sorption of bacteria. The preparations of this kind
are obtained by means of long-term enzymatic hydrolysis of one of cell wall components – β-glucan
(Peppler 1979; Howes and Newman 2000). As a result of hydrolysis, part of β-glucan gets
depolymerized to mono- and oligosaccharides and passes into solution. Mannanoligosaccharides
appear on the surface of the destroyed cell wall; they become more readily available for the sorption of
bacteria.
A promising raw material for obtaining MOS preparations is the waste material from alcohol
production. Dried Distillers Grains with Solubles, (or DDGS) – one of the by-products of ethanol
production (Fig. 1) (Gibreel et al. 2009; Dexi et al. 2010; Liu 2010) containing about 5 % yeast
biomass. Complete fermentation of DDGS, a promising direction during the recent time, allows one to
additionally increase the yield of ethanol and increases the yeast biomass content to 20 %. The major
advantages of this kind of raw material include its cheapness (in comparison with the purified yeast
biomass) and the presence of the residues of substances that are digestible for animals and birds,
which increases the food value of the final product. DDGS contains two major components: residues
of lignocellulose, the mechanoenzymatic hydrolysis of which has been studied and described
(Golyazimova et al. 2009a, 2009b; He et al 2010), and the yeast biomass. Investigation of the
mechanoenzymatic hydrolysis of the latter is the goal of the present work.
So, the goal is to use mechanoenzymatic hydrolysis to hydrolyze the yeast biomass and obtain МОСpreparations; to carry out tests of the obtained preparation with animals and evaluation of the
possibility to use DDGS as the yeast-containing raw material.
2. MATERIALS AND METHODS
2.1. Reagents and materials: D(+)-glucose (99 %, «Acros organics»), D(+)-mannose (99 %, «Acros
organics»); yeast Saccharomyces cerevisiae GOST (State Standard) 171-81 (Novosibirsk Yeast Plant,
Novosibirsk, Russia); enzymatic complex «Cellolux 2000» («JSC Sibbiofarm», Novosibirsk, Russia),
H2SO4 (chemically pure reagent grade) GOST 4204-77; carbazole (95 %, «Sigma Aldrich»).
Choice of the kind of yeast for model experiments on mechanochemical hydrolysis is due to its
widespread character, rigid standard arrangement and the developed technology of large-scale
production at yeast plants. The yeast biomass was composed of small beige granules. Moisture: 5-10
%.
The enzymatic complex Cellolux 2000 is composed of a mixture of enzymes formed during drying the
culture fluid of Trichoderma viride. The preparation includes xylanase– 8000 U/g, cellulase – 2000
U/g, β-glucanase – up to 1500 U/g, glucoamylase – 20 U/g. This complex preparation allows one to
carry out hydrolysis of β-glucan of yeast cell walls (due to β-glucanase activity) and the residues of
lignocellulose in DDGS (due to xylanase and cellulase).
2.2. Mechanical and enzymatic (mechanoenzymatic) treatment of S. cerevisiae. A weighed portion of
S. cerevisiae containing 10 % of the enzymatic complex «Cellolux 2000» was treated mechanically in
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the planetary-type activator AGO-2 for 2 minutes (centrifugal acceleration of milling bodies 200
m/s2). The mechanocomposite was pressed in a tablet at a pressure of 10 kg/cm2 and heated at 4550 оС for 28 hours.
2.3 Determination of the total content of glucose and mannose. To extract the components of yeast
cells, 1.00 ml of 0.1 M NaOH was added to the weighed portion of initial yeast or the product of
treatment (200 mg), conservation with sodium azide was carried out, and enzymes were inactivated.
Extraction was carried out at 50 оС in a thermostated shaker (750 r.p.m.) for 2 hours, then the
suspension was centrifuged (8000 min-1, 15 min). A part of the supernatant was neutralized with 5 %
sulphuric acid and used for quantitative determination of carbohydrates using the modified phenolsulphuric procedure (McMurrought and Rose 1967). This method is generally accepted for yeast cells
and allows one to perform rapid determination of mannose and glucose both in the free form and in
glycoproteins and oligosaccharides.
To determine the content of glucose and mannose, 5 ml of 85 % sulphuric acid was added to 300 ml of
supernatant and thoroughly mixed. After cooling the mixture to room temperature, 300 ml of the
solution of carbazole in ethanol was added, the mixture was strongly stirred and kept at the boiling
water bath for 10 minutes. After cooling to room temperature, the solutions were examined with a
photometer at the wavelengths of 440 nm and 540 nm. Extinction coefficients of glucose and mannose
were determined using calibration plots. Measurement error was less than 5 %.
2.4 Biological tests of MOS preparation were carried out in 2009 at a goose farm in the Novosibirsk
Region. Tests were performed with the meat-type productivity geese during fattening.
The experimental and reference groups were formed, 50 individuals in each. The ration was calculated
and composed according to the standards of zootechnics in structure and feeding power. The additive
to be tested was added to the main nutriment in the amount of 1 mass %. After 55 days, the geese were
slaughtered. Blood and muscle tissue were samples. Weight gain and nutrient consumption were
monitored every week.
3. RESULTS AND DISCUSSION
Mechanochemical scheme was proposed for carrying out the hydrolysis of yeast biomass. In this kind
of treatment, the stage of enzymatic hydrolysis is preceded by the stage of mechanical treatment of a
mixture of substrate and enzyme (Fig. 2) (Bychkov et al. 2010).
In order to increase the reactivity, change chemical and physical properties of cell walls, at the first
stage the yeast biomass is treated mechanically in the presence of the enzymatic preparation «Cellolux
2000». The distribution of enzymes over the sample volume, mechanical destruction of a part of cells
and disordering of the supramolecular structure of cell wall polymers causing an increase in their
reactivity were achieved with the help of this stage.
The second stage includes compaction of the resulting powder. This allows one to increase the volume
concentration of enzyme and to prevent the loss of water that was released from the destroyed cells
and is necessary for hydrolysis at the third stage.
The third stage involves heating of the compact at the optimal temperature of enzyme action (45-50
о
C), it is necessary for hydrolysis of b-glucan to proceed. The destroyed cells obtained at the first stage
serve as localization centers for subsequent hydrolysis. Water released from destroyed cells dissolves
enzymes. The enzymes are sorbed on the substrate and catalyze hydrolysis.
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Mechancial activation of the
mxiture of yeast biomass with
enzymatic preparation
«Cellolux 2000»

Compacting of the obtained
semi-product

Heating of the compact at the
temperature of enzyme
action

Fig. 2. Schematic of the mechanochecmial technology of obtaining mannanoligosaccharide
preparations.
Enzymatic hydrolysis proceeds only in the case if the first two stages have been carried out:
mechanical activation and the formation of localization centers, provision of the continuity of the
medium, and increase of volume concentrations during compacting.
To follow morphological changes during treatment, we carried out the microscopic investigation of
mechanically activated and heated samples.
Figure 3 (a) shows the micrograph of mechanically activated yeast S. cerevisiae. One can see oval
cells about 5 mm, some cells are destroyed and play the part of localization centers for hydrolysis
reaction during compact heating (Fig. 4).
The progress of enzymatic hydrolysis is illustrated in Fig. 4. One can see that the reaction proceeds in
the volume in the autolocalized manner, that is, through the formation and gradual propagation of the
transformation zone. Reaction front, the central zone of deal cells with the escaped content, and the
peripheral zone of with the cells not yet reached by the reaction front are clearly seen in the
micrograph.
Chemical analysis of the extract of the product after mechanoenzymatic treatment showed that the
content of mannanoligosaccharides in it is 3.8 %. The amount of mannanoligosaccharides that passed
into the extract of the initial biomass was 1.3 %.
It is known from literature data that mannanoligosaccharides are present in cell walls mainly in two
forms of mannoproteins: О-bound and N-bound. The former are able to detach mannanoligosaccharide
from the protein fragment and under the action of diluted alkali (Fig. 5), the latter are extracted with
alkali completely, together with the protein and mannanoligosaccharide component. For extraction, it
is necessary that mannoproteins are present in the available form, the supramolecular structure of the
wall is disordered, and mannoproteins are present on the surface.
Using different solubility of mannoproteins and mannanoligosaccharides in concentrated ethanol
solutions, we determined the ratio of the forms in which MOS exist in the resulting product. Thus, the
alkaline extract of the product of mechanoenzymatic treatment contains O-mannanoligosaccharides
1.1 % and N-mannanoligosaccharides 2.7 % (the initial biomass contains 1.1 % and 0.2 %,
respectively). Taking into account the fact that N-bound mannanoligosaccharides possess a better
developed structure than О-bound ones, an increase in their yield form 0.2 % to 2.7 % should enhance
the antibacterial properties of the final product.
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(а)

(b)

Fig. 3. Micrograph of yeast biomass after mechanical treatment: a – cells of the treated biomass, b –
enlarged fragment of «a» with the reaction localization center at the site of destroyed cells.

Fig. 4. Micrograph of the autolocalized reaction zone of hydrolysis of S. cerevisiae.
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Fig. 5. Cleavage of О-bound mannanoligosaccharides from proteins under the action of alkali.
The presented data on the yield of mannanoligosaccharides provide evidence of the efficiency of
mechanoenzymatic hydrolysis of the yeast biomass in obtaining MOS preparations. The use of the
modern flow mechanochemical equipment (Avvakumov et al. 2001) allows achieving the productivity
about 100 kg/h at the technological works, while the absence of liquid-phase stages and extraction
from the technological sequence allows us to speak of the ecological safety of the technology and its
economical efficiency.
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The efficiency of the preparations was tested experimentally. Mannanoligosaccharide preparations
were used as the prophylactic means. The results of tests are listed in Table 1.
Table 1. Dynamics of the daily average live mass increment, loss and undamaged state of
experimental geese.
Group
Parameter
reference

experimental

At the start of the experiments (the age of geese: 2 months)
Average live mass, kg

1.17

1.04

After 55 days
Average live mass, kg

2.58

2.64

Daily average increment, g

16.0

19.1

Total increment, kg

1.41

1.61

Consumption of nutriment per 1 g of
increment, g

8.07

6.82

The data obtained provide evidence of the positive effect of additives under investigation. They
stimulate metabolism and improve the consumption of nutrition substances of food. No deviations in
the composition of the muscular tissue were detected.
Profit obtained from the use of mannanoligosaccharide nutrition additive in the ratios of geese was
estimated. If not the expensive yeast at a price of 2100 Euro/t but DDGS at a price of 60 Euro/t is used
as the raw material for obtaining the preparation, the introduction of the additive to nutriment in the
amount of 5 % will allow obtaining additional profit about 0.7 Euro per each bird.
4. CONCLUSIONS
The following conclusions can be drawn on the basis of the presented data:
·

it is shown that mechanoenzymatic hydrolysis of yeast biomass allows obtaining the
preparation containing mannanoligosaccharides in the biologically available form. The content
of available mannanoligosaccharides is 3.8 %, which is 2.9 times more than that in the initial
biomass.

·

mechanoenzymatic hydrolysis of the yeast biomass can serve as the basis for new
technologies differing from the analogs by simplicity in operation and servicing, the use of
only ecologically safe bio-renewable components in the technological process, availability
and low price of the raw material involved;
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·

the product of yeast biomass hydrolysis has a positive effect on the live mass and total
increment of the mass of experimental geese.;

·

the use of DDGS as the raw material and feeding with the preparation will allow poultry farms
to obtain additional profits about 0.7 Euro per each bird.
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ENVIRONMENTAL POLLUTION BY HEAVY METALS IN VICINITY
OF INDUSTRIAL ENTERPRISES IN MIDDLE POVAZIE REGION
Alena Vollmannová, Peter Ježoo, Julius Árvay
Slovak University of Agriculture, Tr. A. Hlinku 2, 949 76 Nitra, Slovak Republic

Abstract
The evaluation of the soil hygiene and agricultural production from the aspect of Cd, Pb, Zn, Cu, Co,
Cr and Ni contents in the selected locality (Horekoncie) of the Middle Povazie region in vicinity of
three industrial enterprises (the rubber corporation, the cement mill, glass works) are aims of this
work.. The values of the soil reaction pH/KCl in the observed locality are in interval 4.28 – 5,87, it
means that the soil is strongly till weakly acid. The Cd content (0.64 mg.kg-1 – 1.04 mg.kg-1) and the
Co content (14,6 mg.kg-1 – 19.00 mg.kg-1) in soil extract by aqua regia were in both soil horizons by
14% - 49% and 9% - 27% higher than hygienic limit values given by Law 220/2004 valid in the Slovak
Republic. It means, that soil contamination by Cd and Co was analytically confirmed. The legislative
critical value in relationship to grown plant given by the legislative determined in soil extract of
NH4NO3 was only for Pb soil content by 65% - 220% exceeded. The values are in interval 0.190
mg.kg-1 – 0.320 mg.kg-1. The wheat grown at the observed locality contained higher amounts of Cd,
Pb and Cr (by 15%, 200% and 12% respectively) in relationship to hygienic limits given by Food
Codex of the Slovak Republic. The results confirm the necessity of risk metal monitoring in the soil as
well as in the agricultural production in vicinity of potential pollution sources because of food chain
safety assurance.
Key words: soil hygiene, heavy metals, pollution, environment
1. INTRODUCTION
The pollution of all environment components brings many negative phenomena. The changes caused
by their influence call the necessity of maximal elimination of reasons and rectification of their issues.
The atmosphere of northern hemisphere was and still is contaminated by exhalats from energetics,
transport, agriculture and especially from industry. The change of soil reaction caused by chemical
reactions of acid components of these exhalats with the other components of atmosphere constitutes
one of the global environmental problems. The destruction of organic and mineral soil components,
the decreasing of basic cation concentration, the imobilization of nutrients, the decreasing of soil
buffer capacity and the mobilization of toxic elements are the main consequences of soil acidification.
The problem of the soil acidification in our country is caused by the cooperation of natural and
anthropic factors. Industrial and communal wastes , the affected soil fertility, an incorrect manuring,
melioration interferences and changes of the soil utilization are the most important anthropic factors
(Bielek, Šurina , 1995). Also old environmental loaded localities present the potential danger of risky
elements input into all environment components and into the human food chain, too. The old mines,
scrap-heaps, landfills, industrial and municipal wastes are important sources of the environment
contamination by heavy metals. Ten selected heavy metals (Cd, Co, Cr, Cu, Hg, Ni, Pb, Se, Zn and
As) with legislative given maximal allowed soil contents in three various soil types (Law 220/2004)
rank among risky and potentially toxic elements.
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The Slovak Republic covers 49,037.17 km2, of which 49.3 % is agricultural land and 40.97% percent
is forested land. The state of the environment is differentiated and is caused by social and economic
activities. Loaded areas represent approximately 13% of the SR territory.
The soil as a starting place for input of risk substances into a human food chain is continually
monitored in our country (Hegedüsová 1999, Tóth et al. 2004, Hronec et al. 2006 etc). The necessity
to monitor the soil contaminant contents is especially important in vicinity of industrial sources from
the aspect of food safety and quality assurance.
The aim of this work is to asses the status of soil hygiene and the hygiene of agricultural production
from the point of Cd, Pb, Zn, Cu, Co, Cr and Ni contents at the selected locality in the region of
Middle Povazie in vicinity of three important industrial enterprises: the rubber corporation in Puchov,
the cement mill in Ladce and glass works in Lednicke Rovne. The potential influence of these emitting
sources on the soil and agriculture plant contents of risk elements is investigated.
2. MATERIAL AND METHODS
Soil samples were taken from the site Horekoncie with the acreage 7.67 ha, located in cadastre area
managed by the agricultural co-operative farm in village Mestecko in vicinity of the town Puchov.
There are three important industrial enterprises: Puchov rubber plant - the continuator of well-known
trademark Matador as it took up the tradition of the first tyre manufacturer in former Czechoslovakia,
the oldest Slovak cement mill Ladce - producent of portland cement and Rona Glassworks Lednicke
Rovne - an important world producer of domestic glass..
The distances of the investigated locality from the the rubber corporation, the cement mill and glass
works are 2 km, 6 km and 5 km respectively. Bonitation soil-ecological unit of this area is 0769402,
soil type is KMg – Stagni Cambisol.
The sampling sites determination was done by covering of borders of the key site by raster, their
distances inside the site presented sampling sites. Site borders were gained with navigation apparatus
GPS MAP 60 Cx GARMIN (GPS). After data transfer about position and above sea level into the
program OziExplorer the borders were adapted and covered by raster with density of lattice of 5
seconds. Sampling places with the accuracy ± 2 meters were determined with GPS. The site borders
were defined by 5 points. Sampling sites are presented on Figure 1.
After localization of sampling points we had done taking of the soil samples from these places by
valid methods from two horizons (A: 0-0.2 m; B: 0.3-0.45 m) with pedological probe GeoSampler f.
Fisher.
Pseudototal content of Cd, Pb, Ni, Zn, Cu, Cr and Co including all of the forms besides residual
fraction of metals was assessed in solution of aqua regia and content of mobile forms of selected
heavy metals in soil extract of NH4NO3 (c = 1 mol.dm-3). Gained results were evaluated according to
Law 220/2004. Analytical ending was flame AAS (AAS Varian AA Spectr DUO 240
FS/240Z/UltrAA).
The samples of wheat grain were collected from the same sampling points as the soil samples. After
their dryining and regulation the plant samples were decomposited with using of HNO3 in the
microwave digestion instrument MARRS X-PRESS. The solutions were analyzed by flame AAS
(AAS Varian AA Spectr DUO 240 FS/240Z/UltrAA). Gained results were evaluated according to
Food Codex of the Slovak Republic.
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Fig. 1 Sampling sites in locality Horekoncie
3. RESULTS AND DISCUSSION
In Table 1 the values of the determined exchangeable soil reaction and Cd, Pb, Ni, Zn, Cu, Cr and Co
pseudototal contents as well as the contents of their bioavailable forms in the sampling points of
investigated locality in soil horizon A are presented. The gained results are evaluated according to
Law 220/2004.

Point

Soil extract of 1mol.dm-3 NH4NO3
(mg.kg-1)

Soil extract by aqua regia
(mg.kg-1)

pH
KCl

Cd

Pb

Ni

Zn

Cu

Co

Cr

Cd

Pb

Ni

Zn

Cu

Co

Cr

1A

5.87 0.88 26.2 34.0 62.6 18.0 14.6 35.6 0.03 0,23 0.14 0.07 0.11 0,15 0.04

2A

4.50 1.04 28.0 35.2 65.0 20.4 16.6 34.8 0.06 0,28 0.60 0.74 0.15 0.29 0.04

3A

4.80 0.98 31.6 33.6 67.6 20.0 18.6 34.8 0.05 0,32 0.36 0.56 0.21 0.31 0.05

4A

4.41 1.04 27.4 32.0 62.0 18.6 16.8 32.0 0.03 0,19 0.34 0.66 0.11 0.23 0.03

5A

4.28 0.64 23.2 25.0 52.2 15.4 14.6 28.4 0.04 0,17 0.32 0.69 0.10 0.33 0.04

Ø

4.77 0.92 27.3 32.0 61.9 18.5 16.2 33.1 0.04 0.24 0.35 0.54 0.13 0.26 0.04

Min

4.28 0.64 23.2 25.0 52.2 15.4 14.6 28.4 0.03 0.17 0.14 0.07 0.10 0.15 0.03

Max

5.87 1.04 31.6 35.2 67.6 20.4 18.6 35.6 0.06 0.32 0.60 0.74 0.21 0.33 0.05

SD

0.64 0.17 3.04 4.06 5.85 1.98 1.69 2.97 0.01 0.06 0.16 0.27 0.04 0.07 0.01

*Hyg.
limit

0.7

70

50

150

60

15

70

0.1

0.1

1.5

2.0

1.0

-

-

*Law 220/2004
Table 1. Soil reaction and heavy metal contents (mg.kg-1) in soil horizon A
The Cd content (0.64 mg.kg-1 – 1.04 mg.kg-1) and the Co content (14,6 mg.kg-1 – 18.60 mg.kg-1) in
soil extract by aqua regia were in soil horizon A by 26% - 49% and 11% - 24% higher than hygienic
limit values given by Law 220/2004 valid in the Slovak Republic. It means, that soil contamination by
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Cd and Co was analytically confirmed. The legislative critical value for the relationship to grown plant
given by the legislative determined in soil extract of NH4NO3 was only for Pb soil content by 70% 220% exceeded. The values are in interval 0.170 mg.kg-1 – 0.320 mg Pb.kg-1 of soil.
The values of the soil reaction pH/KCl in the observed locality in horizon A are in interval 4.28 - 5.87,
it means that the soil is extremely till weakly acid (Figure 2).

Fig. 2 Values of the soil reaction pH/KCl in locality Horekoncie (A horizon)
The Cd content in soil extract by aqua regia was in soil horizon A higher than hygienic limit value
given by Law 220/2004 (Figure 3) with exception of sampling point 5A and therefore Cd
contamination of soil of the investigated locality was analytically confirmed.
The determined content of Cd in soil extract of NH4NO3 was in horizon A under critical value given
by the valid legislative for the evaluation of relationship to grown plant (Figure 4).
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Fig. 3 Cd content in soil extract by aqua regia in locality Horekoncie (A horizon)

Fig. 4 Cd content in soil extract by NH4NO3 in locality Horekoncie (A horizon)
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Fig. 5 Pb content in soil extract by aqua regia in locality Horekoncie (A horizon)
The determined content of Pb in soil extract by aqua regia was in horizon A under limit value given by
the valid legislative (Figure 5). But the legislative critical value for the relationship to grown plant
determined in soil extract of NH4NO3 was in horizon A for Pb soil content in all sampling points
exceeded (Figure 6).

Fig. 6 Pb content in soil extract by NH4NO3 in locality Horekoncie (A horizon)
Also in horizon B the determined value of the soil reaction was extremely till weakly acid. From
observed heavy metals only Cd, Co and Pb can be considered as risky elements (Table 2).
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Point

Soil extract of 1mol.dm-3 NH4NO3
(mg.kg-1)

Soil extract by aqua regia
(mg.kg-1)

pH
KCl

Cd

Pb

Ni

Zn

Cu

Co

Cr

Cd

Pb

Ni

Zn

Cu

Co

Cr

1B

5.81 1.00 29.2 36.8 64.4 19.0 16.4 34.6 0.03 0.27 0.19 0.09 0.13 0.15 0.05

2B

4.55 0.88 28.2 37.6 64.8 20.2 17.2 35.6 0.05 0.29 0.60 0.56 0.14 0.29 0.05

3B

4.83 1.00 27.6 36.8 64.8 21.2 19.0 34.6 0.04 0.28 0.28 0.21 0.13 0.22 0.05

4B

4.46 0.80 26.6 35.8 61.4 18.6 18.2 33.8 0.04 0.21 0.38 0.35 0.12 0.23 0.05

5B

3.83 0.80 25.2 24.6 50.6 15.0 14.6 28.0 0.05 0.24 0.51 0.83 0.13 0.56 0.03

Ø

4.70 0.90 27.4 34.3 61.0 18.8 17.1 33.4 0.01 0.26 0.39 0.14 0.13 0.29 0.04

Min

3.83 0.80 25.2 24.6 50.6 15.0 14.6 28.0 0.03 0.21 0.19 0.09 0.12 0.15 0.03

Max

5.81 1.00 29.2 37.6 34.8 21.2 19.0 35.8 0.05 0.29 0.60 0.83 0.14 0.56 0.05

SD

0.72 0.10 1.53 5.47 6.10 2.36 1.70 3.08 0.01 0.03 0.17 0.29 0.01 0.16 0.01

*Hyg.
limit

0.7

70

50

150

60

15

70

0.1

0.1

1.5

2.0

1.0

-

-

*Law 220/2004
Table 2. Soil reaction and heavy metal contents (mg.kg-1) in soil horizon B
The Cd and Co contents in soil extract by aqua regia was in soil horizon B higher than hygienic limit
value given by Law 220/2004 (by 14% - 43% and 9% - 27% respectively). It means, that soil
contamination by Cd and Co (with exception of sampling point 5B) was analytically confirmed.
The legislative critical value determined in soil extract of NH4NO3 was in horizon B only for Pb soil
content in all sampling sites exceeded. The enhancement was in interval 110% - 190% above the
maximal available value given by the legislative. High contents of heavy metals in the soil represent
a potential risk for the human health. In soil and in agricultural plants cultivated on the metallic
contaminated soil the synergic and antagonistic effects between different risk elements (Bystrická et
al. 2008), but also between heavy metals and some nutritive components of plant foods are confirmed
(Vollmannová et al. 2007, Musilová et al. 2009a, 2009b etc.).
The heavy metal dynamism in soils is affected by static and dynamic factors (Beneš, 1993). Maternal
rock, seasons, climatic and geomorphological conditions of given locality and its elevation are the
most important static factors. The soil reaction, humus quality and its content, the sorption capacity,
redoxpotential, microbial activity, granularity, moisture and temperature of soil rank among important
dynamic factors. In soils with a low pH value the humus matter destruction, an enhanced heavy metal
mobility and their bioavailability and enhanced damage of risk elements input into agricultural plants
are significant. The influence of soil acidity is described in works of many autors (Blume et al, 1990;
Torma, 1998). In these works the enhanced mobility of Pb, Cd, Cr and Ni in the soils with pH value
under 4,5 is proved. The liming is one of the possibilities of these negative phenomena elimination.
This treatment performs an imobilization, neutralization and also structural function. Results from
monitoring of soil hygienic state in various regions of the Slovakia are presented in works of many
authors (Linkeš et al., 1997; Makovníková, 1998; etc.).
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High concentrations of cadmium were found especially in regions with geochemical anomalies. The
cadmium from phosphorus fertilisers did not have any clear effects on the pollution of the soils. The
influence of P-fertilization is very low and only evident after a long-term period (50 and more years).
High values of lead were also determined especially in areas with geochemical anomalies, mostly in
the mountainous regions. The lead, originating from the traffic along the highways, had no significant
effects on soil pollution (Kobza, 2005).
The transfer of soil pollutants into the plants causes many physiological disorders. Plant uptake of
pollutants from the soil is determined by many factors..
The wheat grown in sampling sites of the observed locality with exception of sampling point 1
contained higher amounts of Cd, Pb and Cr (by 15%, 200% and 12% respectively) in relationship to
hygienic limits given by Food Codex of the Slovak Republic (Table 3). From this aspect lead can be
considered as the most risk heavy metal in the investigated locality with possible negative influence
for the human health.
The results confirm the potential risk of environmental pollution sources influence on the food raw
materials safety.
Heavy metal contents in grain of wheat

Point

(mg.kg-1)

Cd

Pb

Ni

Zn

Cu

Co

1

0.12

0.10

0.40

25.30

3.50

***Nd

0.60

2

0.10

0.20

0.10

26.30

4.40

0.30

0.60

3

0.10

0.60

0.30

27.00

3.40

0.20

0.20

4

0.16

0.60

0.50

27.80

3.40

***Nd

0.30

5

0.23

0.60

0.30

26.40

3.30

0.20

0.40

Ø

0.14

0.35

0.32

26.56

3.60

0.23

0.42

Min

0.10

0.10

0.10

25.30

3.30

0.20

0.20

Max

0.23

0.60

0.50

27.80

4.40

0.30

0.60

SD

0.05

0.24

0.15

0.92

0.45

0.06

0.18

**Hygienic limit

0.2

0.2

3.0

50.0

10.0

-

0.5

**Food Codex of the Slovak Republic.

Cr

***Nd – non detected value

Table 3. Heavy metal contents in grain of wheat (mg.kg-1)
4. CONCLUSION
Content of heavy metals in soils and plants and the problem of phytotoxicity is discussed worldwide.
Plant uptake of heavy metals partly correlates with the total content of heavy metals in the soils. Our
results confirm that low pH/KCl values, enhanced Cd, Co and Pb soil contents and enhanced Cd, Pb
and Cr amounts in agricultural production in vicinity of the most important environmental pollution
sources can indicate the potential causal connection with industrial activity in region of Middle
Povazie. The results also confirm the necessity of risk metal monitoring in the soil as well as in the
agricultural production in vicinity of potential pollution sources because of food chain safety
assurance.
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A COMPARISON OF AIR IONIZATION LEVELS IN DIFFERENT ECOSYSTEMS
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Abstract
The results of many investigations prove the important impact of air ions and aerosol particles on
living nature, ecosystems and human body. In the article there are overviewed and analyzed
differences of air ionization level in forest and urban ecosystems in two countries – Latvia and
Finland, where measurements of light air ions with mobility factor k ≥ 0,4 cm2/V•s were carried out in
autumn 2010. Possible reasons of air ion concentration changes under influence of anthropogenic
load are analyzed.
Key words: air ions, air quality, air pollution, urban ecology
1. INTRODUCTION
Air ionization is a process wherein the positive and negative air ions form in atmosphere as a result of
impact of natural or artificial effects. Air ions are a traditional research subject in the atmospheric
electricity, since ions determine the conductivity of atmospheric air and therefore affect the processes
of the global atmospheric electric circuit (Hoppel and Frick 1986). The term "air ion" signifies all
airborne particles that are electrically charged and serve as a basis of air conductivity. Hence "air ions"
comprise a large variety of charged particles of different chemical composition, mass and size, from
molecular clusters up to large aerosol particles (Dolezalek et al 1985, Tammet 1998 ). Natural sources
of ionization mostly are radioactivity of the earth’s crust, cosmic radiation, friction of water droplets
(Hydroaeroionization), friction of air mass’s movement, magnetic storms, open flame, hot surfaces,
etc (Tuktagulov 2007).
After absorption the necessary amount of energy to induce ionization, the outer electron shell of
molecule loses one electron, thus gaining a positive charge. The separated free electron joins to a
neutral molecule within first microsecond forming a negative ion. Ions are able to attract neutral
molecules, by polarizing them, thus ions with greater mass are formed. When one or more ions land on
condensation nucleus, for example, on a particle of aerosol, large positive or large negative ion forms.
Air ions differ by their mobility, which is a function of their mass. According to their mobility air ions
are classified into small or cluster ions if the mobility K > 0.5 cm2V−1s−1, intermediate ions, and large
ions if the mobility K < 0.03 cm2V−1s−1 (Tammet 1998 ). During their lifetime cluster ions undergo
series of transformations by ion-molecule reactions, continuously changing their chemical identity.
The cluster ions are removed from atmosphere either by random attachment to the aerosol particles,
resulting in formation of "aerosol ions", by ion-ion recombination or other loss mechanisms. In other
classification cluster ions are called „light ions” and aerosol ions are called „heavy ions”.
The problem of environmental importance of air ions involves two subjects: air ions as an
environmental factor and as an environmental indicator. Air ions play an important role in electrical
processes and aerosol particle formation in the atmosphere as well as in other processes. Air ions are
involved in formation of secondary aerosol particles by ion induced nucleation and are responsible for
the establishment of charge distribution on initially neutral aerosol particles. The mobility spectrum of
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natural air ions is known to respond to many processes of local and regional scale: air pollution,
environmental radioactivity, boundary layer turbulence and meteorology (Hõrrak 2001).
Many scientists have been looking for methods and factors based on the measuring of depletion rate of
small ions by aerosol particles to determine particulate pollution of air (Flagan 1998, Hoppel 1970).
Such concepts as"electrical factor of air pureness" (by Tverskoy, 1949) and "aerosol electrical density"
(by Tammet, 1991) were introduced. The parameter deduced from these measurements is a diameter
concentration of aerosol particles. The mobility spectrum of large ions, if it is in balance with aerosol
particle size spectra, is a proper measure of atmospheric aerosol pollution (Hõrrak 2001). The small
ion mobility spectrometry is widely used to detect some gaseous trace species in air (e.g. Carr, 1984;
Eiceman and Karpas, 1994). The major environmental and industrial applications of ion mobility
spectrometry include monitoring of toxic chemicals, stack gases, and chemicals that are considered
hazardous to man and environment (e.g. military gases, explosives, drugs). The mean mobility of
small ions (measured by aspiration technique) also showed response to air pollution (Hoppel 1970,
Parts and Salm 1992). There are more or less typical levels of ionization in each ecosystem (table 1).

æ N± ö

Ionic factor of pollution çç ± ÷÷ was suggested by Russian professor M. G. Shandala in early -70s to
èn ø
evaluate anthropogenic air pollution over industrial zones and big cities. This factor is relationship
between heavy N and light n air ion concentrations of both polarities. Within the metallurgical plant
value of the factor has reached 71; 0,5 km away - 55, but 3 km away just 36 (Shandala 1974).
Table1. Typical concentrations of negative air ions in different ecosystems (Аэроионная…)
Location

Number of ions on 1cm3of air

Air of city apartments

50-100

Air of city street

100-500

Air of forests and sea

1000-5000

Air of mountain resorts

5000-10000

Air of waterfall

10000-50000

Air after a storm

50000-100000

The study of the impact of air ions on humans was started by Russian physicist A. L. Chigevsky in 30s
of 20th century. Since then, there have been a lot of studies with contradictory results. Widespread
belief of the direct biological effects of air ions on live organisms deserved critical comments
(Dolezalek et al 1985). The physical and chemical side-effects associated with ion generation by
natural or artificial ionization are probably the main cause of observed biological relevance. The large
air ions just like aerosol particles in ambient air can affect human health due to their depositing in the
respiratory tract (McClellan and Miller 1997).
In many trials the significant influence of physiological side-effects is denied, and the impact of air
ions on human health, well being and mental abilities is highlighted (Fornof and Gilbert, 1988).
The impact of air ions on human health and environment in the whole depends on the degree of
ionization, and on the ion polarity. The ion polarity is characterized by unipolarity factor K, which is
the relation of concentration of positive n+ and negative n- ions in 1cm3 of the air.
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K=

n+
n-

Research in medicine shows, that it is necessary to ensure presence of both negative and positive ions
for high quality of human health. Increased negative air ion levels are reported to have beneficial
effect, whereas positive ions are not so beneficial. The negative charged oxygen ions can be more
easily assimilated in organism and thus play very important role in metabolism (Danze, 2008).The
physiological impact of positive and negative air ions is described in the table 2.
Table2. Comparison of impact of positive and negative air ions on human health
NEGATIVE air ions
- Reduced level of serotonin in blood,
- Adrenal glandes: raising of the level of
glucocorticoid,
- Stimulation of thyroid gland,
- Stimulation of ovaries,
- Activation of testis,
- Stimulation of alpha brain waves,
- Deep and persistent sleep,
- Reduction of aggression and anxiety,
- Memory improvement,
- Regulation of arterial blood pressure,
- Increase of pain tolerance,
- Increase of arterial blood pressure for
hypertensive patients,
- Increase of pain intensity.

POSITIVE air ions
- Increased level of serotonin in blood,
- Adrenal glandes: promotion of mineralizing
of corticoids,
- Reduction of thyroid gland activity,
- Ovarian inhibition,
- Reduction of vigilance,
- Sleep disturbance,
- Increased aggression and irritability,
- Reduction of memory capacity.

2. MATERIALS AND METHODS
2.1 Ecosystems
The object of the research is concentration of atmospheric light air ions with mobility ≥ 0,4 cm2/V•s in
different ecosystems of Latvia and Finland.
Two countries and three ecosystems were chosen for the experiment. The main aim was to clear up the
ion concentration changes in cities with various air pollution sources in comparison with forest
ecosystems that can be considered as standard for identification of background concentrations because
the forest air is more protected from the influence of pollutants. In Finland, the experiments were
performed in Helsinki near one of the busiest junctions of the city, and in pine forest of Hyytiälä. In
Hyytiälä there is a large research station of atmospheric processes and nature. In Latvia, Riga, two
places were chosen for the experiment. The street Brivibas represents a typical urban environment
with the specific transport pollution, whereas Mezaparks situated in the territory of Riga, with its
suburban forest ecosystem is the place of recreation for city dwellers. The next place of experiment
was Rezekne, the East of Latvia town, and the forest of Ancupani located nearby.
In the all 6 measure points, the measurements were performed with the portable air ion counter
‘’Sapphire-3M” in the daytime at an altitude of 1÷1,5 m for approximately a half hour, at first
allowing the device to adapt for some minutes. The ion counter was placed perpendicularly to the
wind flow in order to avoid measurement inaccuracies caused by sudden wind blasts in the aspirating
camera.
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2.2 Instrumentation
Bipolar air ion counter "Sapphire-3м" is intended to provide separate and simultaneous measuring of
negative and positive air ion concentration in 1 cm³ of the air with mobility factor k ≥ 0,4 cm2V-1s-1.
Minimum resolution of the counter is 10 ions/ cm3. The air flow rate through the aspirating camera
while measuring the air ion concentration is (230 ± 23) l/min. The volume of aspirating camera is (13
± 1) pF. The device is charged by alternating-current mains with voltage 220 V and frequency 50 Hz,
or by built-in rechargeable battery that ensures easy taking of outdoor measurements as it was done in
all the measure points. The device operates as follows: the aspirating camera stands for the sensor of
the air ion counter. The air under test is pumped through the aspirating camera by the help of the
blower. The ions together with the air flow move to the aspirating camera. In the camera, the
electrostatic field made by the camera’s positive and negative power supplies affects the ions. As a
result, the ions deviate to the direction of the collector and settle there for a charge storage time. After
charging, the electric charge runs down via the key on the input resistance of the amplifier. The
amplified impulse is measured and indicated. It takes 4 sec to make one measuring in simultaneous
operating mode or it is possible to use the device in averaging mode.
The results of measuring in each ecosystem are demonstrated in the diagrams, showing the average
positive and negative air ion values in 8 sec period.130
3. RESULTS AND DISCUSSION
3.1 Hyytiälä
First place for taking measurements was based near the SMEAR II (Station for Measuring
ForestEcosystem–Atmosphere Relations) station. It is located in a rather homogenous Scots pine
(Pinus sylvestris) stand on a flat terrain at Hyytiälä Forestry Field Station of the University of Helsinki
(61°51´N, 24°17´E, 181 m above sea level) 220 km North-West from Helsinki. The station represents
a boreal coniferous forest that covers 8% of the Earth’s surface and stores about 10% of the total
carbon in the terrestrial ecosystem. The largest city near the SMEAR II station is Tampere, located
about 60 km from the measurement site and having about 200 000 inhabitants (Hari and Kulmala,
2005).
The highest concentration of ions of both polarities is implicitly observed in Hyytiälä. Probably it is
related to the proximity of the bedrock which is the emission source of radioactive elements (e.g.,
radon). In the field measure station Hyytiälä the depth of bedrock varies from 0 cm (uncovered
bedrock) to 200 cm. It is only few cm in measure taking place.
The measurements of light air ions were taken near Particle Cottage Smear. It is well known that about
40% of natural air ions come from radioactive minerals in the ground. Each time a radioactive atom
decays near the air, it typically ejects an energetic alpha particle, produces 50,000 - 500,000 air ion
pairs as it travels a few cm through the air. Another 40% comes from radon in the air (which produces
about 250,000 ion pairs for each radon atom), and 20% comes from cosmic rays (high-energy protons
from distant supernovas). Almost all positive natural ions during fair weather come from radioactivity.
Natural negative ions usually come from radioactivity and evaporating water.
At the beginning of measuring, a sudden peak of negative ion concentration was observed. It
manifested itself until the 5th minute of measuring. As there are no data available from the additional
air ion measuring device, this peak cannot be unequivocally interpreted. It could be a manifestation of
spontaneous ion formation process. Afterwards, the concentrations of positive and negative ions were
observed in very similar proportions.
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Fig. 1. Concentrations of light air ions in Hyytiälä, 1.October, 2010.
3.2 Helsinki
The traffic junction of Mannerheimintie and Arkadiankatu is one of the main thoroughfares in the city,
connecting the Helsinki-Turku and Helsinki -Tampere - highways to Helsinki centrum, making it one
of the busiest streets in the country. It is used by a variety of general traffic, and is especially during
rush hours one of the most congested streets in Finland. On average, this junction is traversed by 39
thousands of cars a day. (Traffic volumes on main streets of Helsinki, City of Helsinki, City Planning
Office, Traffic Planning Division) A calculation of vehicles during the measuring was not performed
but the intensity of traffic was certainly influenced by the fact that it was Sunday, 11:30 AM. Due to
this condition, the number of vehicles that traversed the junction was definitely lower than average.
On the base of the research it can be assumed that at midday this junction is traversed only by 6% of
total daily number of vehicles. September and October are considered to be the months with the
highest traffic intensity of the year. At any rate, the number of vehicles was sufficient to reflect a
typical city environment and specific atmospheric pollution created by traffic.
During the measuring, it was a relatively chilly morning in Helsinki. Measurements were taken close
to the junction, on the sunny side of the street. As there were no other measuring instruments, it was
not possible to determine precisely the relative humidity of air but approximate observation showed
that the humidity could be about 80%. Air temperature was about 12ºC. During the half-hour of
measuring, a persuasive dominance of positive ions over the negative ones was observed, as well as
relatively strong ion fluctuations with some peaks of positive ion concentration. The traffic lights
worked in such algorithm that there was permanent flow of wehicles through the junction in any of
directions, therefore regular dependence of peaks upon traffic regime was not observed.
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Fig. 2. Concentrations of light air ions in Helsinki, 2.October, 2010
3.3 Riga

Fig. 3. Concentrations of light air ions in Riga, 3.October, 2010
The measurements in Riga were taken in afternoon near an air monitoring station (Brivibas street 71)
that is one of the main roads connecting different parts of the capital in NE – SW direction. In general,
the dominance of positive ions over the negative ones can be observed. K = 1,39. Spontaneous peaks
of ion (especially positive ion) concentration tend to recur cyclically. Supposedly, it is due to the
vehicle traffic depending on the cycles of signal lights. The green signal light was illuminated for 35
sec, complete cycle of signal lights was repeated minutely each 1min. 20 sec.

26

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

Journal of International Scientific Publications:
Ecology & Safety, Volume 5, Part 1
ISSN 1313-2563, Published at: http://www.science-journals.eu
3.4 Mezaparks
Mezaparks is located in the North East direction from the central part of Riga, on the shore of
Kisezers. The total area of Mezapraks is 11.821 km², therefore it is one of the biggest localities in
Riga. The locality Mezaparks is partially built-up. The other part of it is occupied by a park of a mixed
forest dominated by conifers – firs and pines. Generally, the trees are not planted, they grow naturally.
As Mezaparks is located in the territory of Riga, it is the most important place of recreation for city
dwellers. There are pedestrian roads and recreation grounds in this locality.
The ion concentration measurements were taken about 500m from the main entrance, away from
pedestrian roads. During the measuring time, extreme fluctuations of ion concentrations were
observed; mainly it refers to positive ions. So to say the background level of ionization is instable.
Such an amplitude of concentration fluctuations (0... 600 ions/cm3) was not observed neither in the
natural park of conifers in Hyytiälä, nor in the forest of Ancupani. It may be relevant to the proximity
of the city that constantly exposes this forest ecosystem to the influence of atmospheric pollution. The
potential sources of this pollution are traffic flows, boiler houses, thermo-electrical plant and harbor
terminal located around the Mezaparks. In general the light air ion concentration level is intermediate
– lower than in the natural park of Hyytiälä but definitely higher than in the center of Riga. It indicates
that the level of air pollution by small particles and gases is lower if compared to the city center, where
air ions recombine taking part in air natural purification processes. The value of unipolarity
coefficient is 0,73 and it indicates a stable dominance of negative ions over the positive ones in
spectrum of light air ions. It is an important indicator of air quality.

Fig. 4. Concentrations of light air ions in Mezaparks, 3.October, 2010
3.5 Rezekne
Rezekne is the 7th biggest city in Latvia, historical and geographical centre of Latgale region, located
in the eastern part of the country. Intersection of Atbrivosanas and Latgale Streets where
measurements were taken, is the busiest intersection in Rezekne. In fact, it is a part of a road of
national importance. Traffic intensity is high, in the mornings and evenings traffic jams tend to occur.
Not far from the intersection there is a bus station. In the afternoon of October 4th, when the
measurements were taken, on the intersection there were small but constant jams – on average 5
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vehicles in every direction (not only motorcars, but also lorries and buses). Weather conditions –
sunny, humidity of air at 70%, temperature at 16 ºC. The total ionization level can be compared to the
level observed in Ancupani. The average negative ion concentration is slightly lower, positive ion
concentration higher. There is a strong dominance of positive ions over the negative ones (K = 2,03).
This dominance is stronger than in all the other places were measurements were taken during this
experiment. In the process of measuring, negative ion concentration almost never surpassed positive
ions. It indicates the dominance of positive light air ions over the negative ones near the places of
traffic caused pollution emission when the weather is sunny and relative humidity of air is low.

Fig. 5. Concentrations of light air ions in Rezekne, 4.October, 2010
3.6 Ancupani
The Ancupani forest borders the northern part of the city of Rezekne. It is an important place of
recreation for the city dwellers. The forest is poorly developed and there is only one path with a solid
covering. It resembles to a natural forest, were conifers prevail. The measurements were taken inside
the forest, where any influence of atmospheric pollution is minimized. During the measuring, the
unipolarity coefficient changed periodically. There was no persuasive dominance of negative ions over
the positive ones, K = 0,98. The amplitude of ion concentration fluctuations is not as large as in
Mezaparks. In general, the air ionization level is rather low compared to Hyytiälä, but higher than in
Riga or Rezekne.
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Fig. 6. Concentrations of light air ions in Ancupani, 4.October, 2010
A summary of maximum, minimum and average values of each polarity ion concentrations as well as
factor of unipolarity K are shown on following table.
4. CONCLUSIONS
·

The results of air ionization measurements show that the level of air ionization in Finland in
general is greater than in Latvia. Probably it can be concerned with radioactive emissions from
bedrock which is very close to earth’s surface in Helsinki and Hyytiälä.

·

The average concentrations of negative ions are greater in forest ecosystems than in cities.

·

The cogent dominance of positive light air ions over the negative ones in city ecosystems was
discovered. It could be relevant to fact that the mobility of negative ions are a little bit greater
than the mobility of positive ones, what helps the negative ions to take major part in reduction
processes of atmospheric pollution where air ions due to their charge promote coagulation of
atmospheric aerosol particles.

·

The dominance of negative ions over positive ones in forest ecosystems is not as explicit as
dominance of positive ions in cities. For example in Ancupani the factor of unipolarity K is
very close to 1.

·

Greatest amplitude of regular ion concentration fluctuations of both polarities is observed in
Mezaparks. It could be relevant to the proximity of the city that constantly exposes this forest
ecosystem to the influence of atmospheric pollution.

·

From the viewpoint of human health the typical air of city ecosystem is not beneficial to
citizens due to dominance of positive ions.
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Table3. A summary of ion concentration measurements
Ecosystem

Max -

Min -

Average -

Max +

Min +

Average +

K

Hyytiälä

3520

590

1258

1980

360

984

0,78

Helsinki

690

340

519

1100

390

651

1,25

Riga

640

0

196

1010

0

129

1,39

Mezaparks

910

0

382

720

0

185

0,73

Rezekne

640

60

291

1030

120

591

2,03

Ancupani

530

210

372

580

20

365

0,98
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INFLUENCE OF OCCUPATIONAL ENVIRONMENT ON MEDICAL WORKERS’ HEALTH
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Abstract
The harmful factors of occupational process and their influence on health have been studied as
regards medical workers of surgical and therapeutic profiles. The relationship between the negative
impacts and sickness rate and character observed in medical workers has been analyzed. The study
has revealed that, the medic personnel of surgical profile undergo more unfavourable occupational
conditions. Their sickness rate has proved to be 10%-31% higher in the series of nosological forms
comparing with those subjects of therapeutic profile.
Key words: clinics and hospitals, negative occupational factors, medical worker sickness rate
1. INTRODUCTION
The current aspects of service activity of a doctor who works with a state medical institution in Russia
can be characterized as accompanied by more pronounced nervous and psychic tension and a complex
impact of a number of unfavourable occupational factors affecting a human body. Those occupational
factors are physical (radiation, ultrasound, laser, ultra high frequent radiation), chemical (medicinal
and disinfectant substances), and biological (infected tissues and organs, pathogens of intrastationary
infections, antibiotics) (1, 2). The combined influence of the negative occupational factors on medical
workers’ health is accompanied by an expressed picture of disorders that can initiate professional
diseases as some authors point out (3, 4, 5, 6, 7). For better understanding those processes we studied
the relationship between the series of ecological-occupational (hygienic) factors of the environment
experienced by medical workers of Vladivostok city and the characteristics of their sickness rate
structure. Taking into account the significant difference in service activities depending on the doctor’s
surgical or therapeutic profile, we analyzed these cohorts separately to assess their specific contacts
with the above mentioned unfavourable factors.
2. OBJECT AND METHODS
Medical personnel (doctors and nurses) occupied in therapeutic and surgical activities, 238 and 225
people, respectively, have been examined. Previously the subjects were referred to two cohorts of
therapeutic (TP) or surgical (SP) profile. Average age and length of service were, respectively, 42±1.8;
19±1.3 yr. in TP subjects and 39±2.0; 16±2.4 yr. in SP subjects. The most unfavourable factors
experienced by SP subjects were considered to include hardness and tension of the service process, the
biological factor (direct contact with saliva, blood, urine, feces, cerebrospinal liquid, organs and
tissues), chemical and physical factors. TP subjects were observed to have no contact with the
biological material, with the chemical and physical factors affecting them rather slightly, for no more
than 5% of the service activity time. The subjects’ health state was assessed based on the results of the
prophylactic observation reflected in their case records, in accordance with the International Statistical
Classification of Diseases and Related Health Problems (ICD-10), 1995 (8). The assessment of
microclimate, degree of lighting, noise, and chemical factors were carried with the common
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instrumental methods being in conformity with the state sanitary regulations and norms (9, 10, 11).
The degree of lighting was measured with luxmeter TKA-04/03; the noise and the equivalent sound
levels were determined with Bruel & Kjær unit (Belgium). Working area chemical substances
concentration was measured by pumping the air through the special indicator tube, in accordance with
the State Standard Rules as well as the recommendations given in “General sanitary-hygienic
standards requested for the air of the working area” (12). The total quantity of the studies performed is
presented in Table 1.
Table 1. Amount of sanitary-hygienic studies
Parameters measured

Measure
quantity

Microclimate

920

Illumination

400

Noise, ultrasound

240

Chemicals and aerosols

410

Total number of the measures performed

1970

The tension of the working process was assessed with the method of continuous time-study with the
real time video recording and with the use of pedometer and goniometer according to the above
mentioned recommendations of “Hygienic assessment of the factors of occupational environment and
working process. Criteria and classification for occupational conditions. (P2.2.2006-05)” (9). There
were used special questionnaires allowing determining a heuristic component that requested creative
solution of difficult tasks at the absence of algorithm of the action, by perceiving signals and further
complex estimating interrelated parameters, by working under conditions of time and information
deficit, by controlling and preliminary working on giving tasks to other persons, carrying
responsibility for the functional quality of work. Besides, the questionnaire enabled to reveal the
degree of emotional-psychic tension when facing such factors as contacting to patients and their
relatives, the heads and subordinate medic personnel, having night- and all day long duties, no
regulated breaks, and occurrence of summons to work at any time as well as over-time work.
Statistical processing was performed based on “Statistics 6” standard programs with calculating
medium values, standard-mean deviation (M±m), correlation coefficients (X2), and Kulbak G criterion
at difference significance p<0.05 (13).
3. RESULTS AND DISCUSSION
Table 2 shows the range of changes occurred in microclimate parameters of the rooms where TP and
SP subjects usually work.

33

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

Journal of International Scientific Publications:
Ecology & Safety, Volume 5, Part 1
ISSN 1313-2563, Published at: http://www.science-journals.eu
Table 2. Parameters of microclimate inside the working areas of medical workers of surgical (SP) and
therapeutic (TP) profiles
Microclimate
parameter
Temperature in the
breathing area, о С
Relative humidity, %

Air velocity, m/s

Harmfulness grade

SP working rooms

TP working rooms

23 - 25

21 - 24

20 - 28

20 - 28

(24.1 ± 1.3)

(22 ± 1.8)

49 - 73

54 - 70

15 - 75

15 - 75

(66.8 ± 2.7)

(65.2 ± 3.1)

0.07 - 0.1

0.05 - 0.08

0.1

0.1

(0.09 ± 0.002)

(0.075 ± 0.001)

2

2

Note: in numerator is the range of the registered values; in denominator is the norm established by
documents currently in force; in brackets is an average value of the examined parameters (M±m).

Found that the values observed were within the range regulated by existing normative documents. No
reliable difference between the parameters registered in TP and SP rooms was observed. The
harmfulness level conformed to grade 2 (of the four grades of harmfulness adopted in Russia). This
testifies to permissible microclimate conditions under which the examined subjects work.
Table 3 presents the indices of harmful chemicals observed in the air environment and working
surfaces in the rooms where TP and SP medic personnel work. Found that, in TP rooms no indices
were observed to exceed the maximum permissible levels. Moreover, in many cases their highest
concentrations were lower than those of SP rooms. At the same time the rooms of SP personnel there
were observed 6 chemicals that exceeded the maximum permissible levels in 27% of the tests. Of note
that, among the six chemicals that exceeded their maximum permissible levels, ozone was considered
to be of grade 1 and alkali was considered to be of grade 2. Both of them make an extremely negative
effect on the human body. The rest of the chemicals showed to be of grades 3 and 4. Remind that
harmful chemicals are divided into four grades, according to Russia’s normative documents. They are:
1 – extremely harmful; 2 – highly harmful; 3- moderately harmful; 4- lowly harmful. The analysis of
the noise level performed in SP rooms showed that SP subjects who face 2-5 decibels elevated
maximum permissible noise levels are operating surgeons, anesthesia and reanimation doctors,
dentists, and dental technicians. Total time of the elevated noise level affection made up 30% of the
working shift. As regards to TP specialists, they proved not to experience a noise factor. Having
analyzed vide- and chronograms as well as the questionnaires that reflected the tension of working
process experienced by the medic personnel, we found that SP subjects have to keep uncomfortable or
fixed position lasting up to 50% of the working time. Moreover 80% of the shift they work in a
standing position. Nurses that are involved in dressing and performing treatment procedures (more
than a hundred times and up to three hundred for the shift) have to bend 30° and more. Besides, they
lift and carry things weighted 10-20 kg in a distance of 5-25 meters spending on it up to 17% of the
working time. The studies carried out in SP rooms have proved that those personnel usually contact to
dangerous biological substances up to 15% of their working time and undergo the exposure of
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aggressive microbiological environment (14, 15, 16). At the same time TP subjects have rare
occasions of such contacts.
Table 3. Chemicals observed in the air and surfaces of the working area of SP and TP subjects
Range of content of the chemicals in rooms of medical workers
No.

Name of a chemical

Surgical

Therapeutic

Actual values, mg/m3

Maximum
permissible
concentration, mg/m3

1

Ozone

0.06-0.5

0.05-0.17

0.1

2

Ethanol

400-500

200-400

1000

3

Chlorine

0.3-0.52

0.1-0.3

1.0

4

Gentamicin

0.01-0.03

0.01-0.03

0.05

5

Benzyl Penicillin

0.02-0.07

0.01-0.06

0.1

6

Halothane

9-20

–

20.0

7

Alkali

0.3-0.65

0.1-0.3

0.5

8

Formaldehyde

0.09-0.35

–

0.5

9

Methyl Acrylate

2.9-5.2

–

5.0

10

Acetone

80-100

–

200

11

Gypsum dust

5.0-5.4

–

2.0

12

Oxides of Nitrogen

0.07-1.9

–

5.0

13

Acetic Acid

1.5-2.8

–

5.0

14

Ammonia

18.5-22.0

5.5-10.0

20.0

15

Nitric Oxide

0.4-8.0

–

5.0

16

Nitric Acid

1.1-1.8

–

2.0

Note: bold font is for the values that exceed maximum permissible concentration.

The analysis of the 10 diseases most commonly observed in medical workers has shown that in 5
nosological forms the reliable difference between medical personnel of the considered profiles can be
observed For example, SP specialists showed disorders in the following percent amount of the
examined subjects: blood circulating – in 68 ± 3 %; respiration – in 61 ± 6 %; digestion – in 60 ± 5 %;
osteomuscular system – in 53 ± 4 %; nervous system and organs of sense – in 27 ± 2.5 %.
The same parameters showed by TP subjects were the following: 59±4%; 25±5%; 46±5.5%; 42±4.5;
20±2.5%, respectively. Respiration diseases were observed 31 % more commonly in SP specialists as
compared to those of TP. The same tendency was observed as regards to the sickness rate in blood
circulatory, digestive, and osteomuscular systems where the SP subjects showed 10-14% higher levels
in comparison with TP workers. Through the other diseases in such systems as urogenital, endocrine,
visual analyzer and its adnexa, skin and subcutaneous tissues, and neoplasm no reliable difference
between the examined cohorts was observed. However, SP subjects were those who have
demonstrated somewhat higher sickness rates in the above mentioned diseases. Correlation analysis of
dependence of the sickness rates upon the harmfulness grade and environmental danger has proved the
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criteria of Chi-square (X2) and Kulbak (G) to testify to a strong relation at p < 0.001 among SP
subjects. In TP subject group the correlation was weak but reliable at p < 0.045.
Table 4. Diseases through the basic nosological forms observed in SP and TP medical workers (abs.
numbers, %, M±q, mp)
Diseases through the
systems

Surgical Profile (n=225)

Therapeutic Profile (n=238)

Student’s
criterion (t)

abs. nr

%

abs. nr

%

Blood circulating

153

68.0±6.09

140

58.8±6.25

2.07

Urogenital system

149

66.2±6.18

149

62.6±6.15

0.81

Respiration

137

60.9±6.39

59

24.8±5.49

8.39

Digestion

136

60.4±6.37

109

45.8±6.33

3.17

Osteomuscular system
and connective tissues

120

53.3±6.51

99

41.6±6.26

2.54

Ocular
oculi

adnexa

88

39.1±6.36

84

35.3±6.07

0.84

Nervous and organs of
sense system

61

27.1±5.81

50

21.0±5.18

1.56

Neoplasm

53

22.7±5.54

45

18.9±4.97

0.99

Endocrine system

35

15.6±4.74

34

14.3±4.45

0.46

Skin and subcutaneous
tissues

26

11.6±4.18

27

11.3±2.54

0.10

Total

958

54.6±6.53

796

45.4±3.42

2.0

and

t value is the reliable difference between the values showed by SP and TP subjects

4. CONCLUSION
Thus, the research showed that SP medical workers are more exposed to dangerous occupational
factors than TP specialists. That results in higher sickness rates practically in all the ten analyzed types
of nosology and, as noted by other authors (17, 18, 19), requests for the particular attention to this
group of specialists that need undergoing prophylactic measurements directed to prevention of
negative environmental influence on their health.
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CHANGES IN WATER MANAGEMENT STRATEGY AS A WAY FOR INCREASING
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Abstract
Climate change can quickly disrupt the stability of forest, agricultural and soil ecosystems, which may
compromise their natural functions, especially in southern Slovakia. However, in some cases these
changes may have positive effect on production potential of biomass if the moisture regime is
regulated properly there . The evaluation of the irrigation water resources in the basins is
conditioned by the water balance. The balanced state of these ecosystems guarantee a sustainable
development also for agriculture sectors as the largest water consumer. The significance of the
climate change over the past 20 years brings instability into this sector, which influence agricultural
production and the ecosystem as a unit consequently. Irrigation is one of the main adaptative
measures against the climate change impact (discharge from the river basin and ground water levels
decrease; soil moisture reduction). The present methods of water demand balancing on plants
requirements are not adequate in conditions of Slovak Republic. This paper shows determination of
plants water demand according to FAO methodology (Penman – Montieh method of ET0
computation) using outputs of scenarios of GISSmod and CCCMmod for time horizons of years 2030,
2075 and 2100. The target classes are field crops, vegetable, and special crops in conditions of the
Slovak Republic. The DAISY model was used for the changes simulation.
Keywords: climate change, irrigation, vegetables and special crops, production potential
1. INTRODUCTION
The temperature and the rainfall totals changes, together with other factors of the environment, often
change the time course of the plants live cycle; i. e. beginning of the phenophases and duration of their
intervals affect whole duration of the individual plants vegetative periods. The scenarios predict the
basic indicators of the agro-climatic relationships of the main vegetation period as for example
increase of daily temperature sums (from 32 to 55%), photosynthetic active radiation increase (from
10 to 25%), evapotranspiration increase (up to 20%) in the south of Slovakia. The earlier coming and
delay in phenophases ending is valid for vegetations periods. Thus is limited by the physiologically
important temperatures of 2100 time horizons. It is assumed an increase of biomass production
potential about 10% in the south region, and about 25% in the north region of Slovakia to time horizon
2100. It is anticipated that fully rentable cornflake cultivar will shift to altitudes up to 500m a. s. l. and
the rentable cornflake cultivar will shift up to 800m a. s. l. (Šiška et al., 2002).
In the lowland Slovakia parts, to time horizon of the year 2075, it is expecting the daily average air
temperature sums increase about 32% for large vegetation period (VP) and about 55% increase in the
northern parts of Slovakia. In the southern and the lowest Slovakia areas, the photosynthetic active
radiation will increase for large VP about 10% and in the highly agricultural exploited areas about
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25%. In these areas QFAR increase during the main vegetation period (MVP) about 72 kWh.m-2, what
is hike on 17%; in the southern areas and about 115 kWh.m-2, what is hike on 58 %. Precipitation
sums increase during MVP about 27 mm in the south of Slovakia and about 202 mm in the north of
Slovakia. Evapotranspiration sums will be changed probably only slightly or at all to the time horizon
of 2100. In the south Slovakia evapotranspiration will increase about 6% up to the year 2100, and in
the north Slovakia about 20% (SOBOCKÁ et al., 2005).
By comparison of the hydrologic series and actualized hydrologic scenarios (according to new climate
scenarios) was proved that in the future there is a high probability to expect a total decrease of water
in all three resources: surface, ground and soil. According to evaluation of overall hydrologic situation
in Slovakia for the last pentade, it can be stated that the extremity partly increased, while the values
assessed for the main Slovakian river basins were not changed significantly, in comparison with the
long-time averages. The years from 1996 to 2000 belonged to the period with the highest amouts of
floods. These floods were from the river systems as well as from the storms, those occurred generally
on the relative small areas (Lapin et al., 1997, Lapin 2004).
2. MATERIALS AND METHODS
In the paper it was used the total water consumption (Vc) calculation according to Slovak Technical
Standard STN 83 0635. The total water consumption Vc is an amount of water, which is necessary for
evaporation. It assures the expected progress and the plant growth in given climate conditions and
also ensures the other factors of growth during the whole vegetation period.

Vc = k b .S d
Where:

( mm )

kb – biological consumptive water usage curve coefficient,
Sd – saturation deficit of daily values sums in a considered period (mm).

The biological plants curve coefficient values were assessed by PÝCHA and SLÁMA (1971) for time
horizons responding to a sum of the average daily temperatures in the vegetation period for the
individual phases. The time intervals were divided into the temperature groups. These are possible to
define as a vegetation period phases of given plant, when the average daily temperatures extended
200oC. The beginning of the vegetation period in winter crop and more years fodder plants is assessed
from the last day of ten-day period, in which the sum of the average day air temperature achieved
50oC. For other plants it is given as a day of sowing or planting. The particular values are presented in
the Table 1 and 2.
The processes of evaporation and transpiration are influenced by climate conditions, crop
characteristics, management practices, and by environmental aspects. Actual evapotranspiration is also
influenced by the crop type, its variety and its phenological progress.
Evapotranspiration differs from reference evapotranspiration if soil cover, fruits properties and
aerodynamic resistance of crop and it is different compared to the grass. Potential evapotranspiration
ETc i.e. crop evapotranspiration under standard conditions (Allen et al., 1998), is evapotranspiration of
healthy, well manured crop which is grown in a large area under optimal soil water content by
reaching full production in given climate condition. Irrigation demands represent the difference
between the crop moisture requirement and effective precipitation. Actual evapotranspiration ETa, i.e.
evapotranspiration under non-standard condition (Allen et al., 1998), is evapotranspiration from crop
grown under farming management and natural conditions, those vary from standard conditions.
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Tab. 1. Biological consumptive water usage curve coefficients
Sum of average daily temperatures o C (temperature groups )

Crop
0

200

400

600

800

1000

1200

1400

1800

-

1600
-

-

-

-

-

-

-

-

2000

-

200

400

600

800

1000

1200

1400

1600

1800

Potato

0.50

0.50

0.50

0.58

0.68

0.67

0.61

0.71

0.74

0.57

Cabbage

0.42

0.49

0.48

0.58

0.76

0.82

0.79

0.82

0.79

0.85

Celery

0.73

0.73

0.62

0.65

0.77

0.90

0.88

1.01

1.07

Pulses

0.37

0.41

0.48

0.67

0.63

0.73

0.71

0.72

0.73

0.74

Cauliflower

0.71

0.73

0.71

0.66

0.90

0.96

1.02

0.99

1.11

1.15

Hops

0.82

0.84

0.67

0.65

0.67

0.67

0.80

0.80

0.77

0.75

Fruit

0.23

0.26

0.28

0.32

0.34

0.37

0.40

0.43

0.46

0.48

Grapes

0.18

0.22

0.24

0.27

0.30

0.32

0.34

0.38

0.42

0.43

Tab. 2. Biological consumptive water usage curve coefficients (continuation)
Sum of average daily temperatures o C (temperature groups )

Crop
2000

2200

2400

2600

2800

3000

3200

3400

3600

3800

-

-

-

-

-

-

-

-

-

-

2200

2400

2600

2800

3000

3200

3400

3600

3800

4000

0.51

0.41

Potato

0.44

Pulses

0.63

0.57

Cauliflower

1.16

1.20

1.08

Hops

0.78

0.84

0.78

0.85

0.69

Fruit

0.52

0.54

0.57

0.60

0.63

0.65

0.63

0.58

Grapes

0.45

0.48

0.50

0.46

0.36

0.32

0.25

0.18

Evapotranspiration is derived from the reference evapotranspiration, if the surface cover, fruits
properties and crop aerodynamic resistance are different compared to the grass. Influence effect of
different fruits characteristic of the individual crop on its evapotranspiration ETc is included into the
crop coefficient Kc:
ETc = Kc . ET0 .
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Differences in evaporation and transpiration between field crops and reference grass canopy can be
expressed by simple crop coefficient Kc or we can be divided them into two coefficients: basic crop
coefficient Kcb and soil evaporation coefficient Ke. i.e.
Kc = Kcb + Ke
Simple crop coefficient is used in most of the applications. Dual coefficient is used for more exact
estimation of evaporation, especially for research or water quality modelling. Crop coefficient Kc
integrates characteristics effect, which differ the field crop from the reference grass. The individual
field crops have the different crop coefficients Kc. Change of crop characteristics during vegetation
period also influence value of Kc. As the evaporation is an integrated part of evapotranspiration, Kc
also includes evaporation effect. The crops evapotranspiration well supply by water differs from
reference evapotranspiraton ET0 in consequence of differences in albedo, crop height, aerodynamic
properties as well as leaf and stomata properties and it is superior about 15 – 20 % by high crops. As
the crop grows its height and leaf area is changing as well as crop cover of the soils surface. Thereby
also Kc is changing during vegetation period.
The crop vegetation period can be divided into 4 phenological stages (Fig.1). The initial stage lasts
from sowing to the period until the green vegetation does not cover approximately 10% of soil surface.
The second phenological stage (stage of intensive crop growing) lasts from 10% covering, until plants
cover the whole soil surface. The third phenological stage lasts from total soil covering to the
beginning of maturity (leaf yellowing) and the last stage is from the beginning of maturity to the
harvest or leaf falling.

Figure 1. Crop coefficient curve Kc (Allen R. et al. 1998)
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Tab.3. The values of simple crop coefficient curve Kc for individual phenological stages of selected
crops of sub-humid climate (RHmin ≈ 45 %. u2 ≈ 2 m/s) (Allen et al. 1998)
Crop

Kc ini

Kc mid

Kc end

Cauliflower

0.3

0.9

0.3

Crucifer

0.3

0.9

0.4

Bean

0.4

0.9

0.6

Celery

0.25

0.95

0.2

Potato

0.3

0.5

0.3

Appletree

0.2

1.2

0.6

Grapes

0.2

1.2

0.6

Hops

0.25

0.8

0.1

Crop evapotranspiration is calculated by multiplying reference evapotranspiration ET0 with the crop
coefficient Kc expressing the difference in evapotranspiration between appropriate crop and reference
of grass surface. It was used simple coefficient or combined dual coefficient expressing the individual
differences in evaporation and transpiration between both surfaces. Thery are influenced by accuracy
requirements of the meteorological data and their availability for the individual time step, which is
supposed for calculation.
The simple crop coefficient Kc combine the crop transpiration effect and evaporation from the soil and
groupe them into one coefficient integrating differences in crop transpiration and evaporation between
appropriate crop and reference surface. Because the evaporation from the soil can be changed daily,
due to precipitations and irrigation, the simple crop coefficient is expressed only by average multi day
crop evapotranspiration, using weekly and longer time periods. However the calculation is performed
in daily step, e.g. by sprinkle irrigation. The assessment of irrigation water demand for the special
crops and vegetable, its quantitative and time expression for planning, design and operation purposes
are very difficult problems. But there is a necessity of their negotiation on the base of the most suitable
basis. This will make possible the irrigation objects construction and their operation at the most
possible level responding to the state of knowledge system. The relevance of an irrigation problematic
resolution is escalating mainly by its irrigation operation. It is necessary to negotiate not only with
very often-different climate conditions those are changing at the time as a climate change
consequence, but also with the specific biological demands of the irrigated crops, demanding the
maximal exploitation and using possibilities of an intensive agro-technology with the soil relationship,
respecting the technical factors. It was assured by the closest relationship at the maximal possible
measure between the biological and economic irrigation relation. This determines almost whole
irrigation effect application.
The daily climate data series (global radiation, air temperature, rainfall) for climatic station Hurbanovo
were processed into required input data sets for numerical simulation by model DAISY. Software
DAISY (Hansen et al., 1990) represents one dimensional numerical modeling tool for crop production
assessment, soil water dynamics and nitrogen dynamics for different strategies of crop production
management. The particular phenomenon included in model are described by transport and
transformation processes of water, tempetature, carbon and nitrogen. Using DAISY model were
carried out on the series of simulation for representative time period of years 1966-1985 (without
assumption of climate change influence) and for climate change scenarios CCCMprep, GISSprep for
time horizons of years, 2030, 2075 and 2100 for climatic station Hurbanovo. It was used the
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meteorological input data (global radiation, air temperature and rainfall) for 20 years time series with
daily time step.
3. RESULTS AND DISCUSSION
After a through analysis of our results, we can conclude that the currently valid methodology used for
irrigation design in Slovakia, is not suitable for further use. The results clearly document it through the
results of plant demands for additional irrigation in conditions of changing climate which are mostly
unrealistically high. They are displayed in the resulting graphs with the dotted line. The problem might
be caused by poorly developed biological curves of moisture demand or by the methodology used as
such. After a through analysis, we recommend to use the methodology for determination of the
moisture demand according to Allen, R. et al. (1998). This methodology exactly takes into account all
external environmental influences and according to usage of Crop coefficient curve considers also
specificities and demands of individual plants.
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Figure 2. Comparison of consumptive water usage Vc with modeled values of potential
evapotranspiration ETo based on FAO methodology for horizons of the years 2100 for scenarios
CCCMprep and GISSprep
The other part of the article introduces the results of potential evapotranspiration modelling (ETo) by
DAISY model for scenarios CCCMprep and GISSprep for horizons of the years 2030, 2075 and 2100. In
the next step we computed the crop potential evapotranspiration on the base of FAO methodology.
The results were compared with consumptive water usage Vc that is recently used in Slovakia. The
results are shown in Fig. 2.
On basis of modelled results for climate change scenarios we prove the increse of potential
evapotranspiration of crops for both climate change scenarios. The scenario CCCMprep shows
markedly higher values of ETo. The increase of ETo for particular crops represents from 9 to 57% in
comparison with consumptive water usage calculated according to valid Slovak Technical Standard
STN no. 83 0635. The increase of ETo for GISSprep scenario is within the interval 3 – 51 %. Mean
potential evapotranspiration value will increase about 23% for vegetables and about 34% for special
plants. The highest increase value of ETo according to both scenarios is for grapes - 51% and the
lowest for cauliflower – 4%.
The obtained results – values of crop potential evapotranspiration for horizons of the years 2030, 2075
and 2100 for scenarios CCCMprep a GISSprep represent a basic data set for irrigation operation
management in climate change conditions and also for new irrigation system design that lifetime (for
hop-fields, gardens and vineyards) achieves from 30 to 50 years and it will be necessary to take into
account the changed input parameters because of irrigation systems securing level will decrease. The
results may be used for assessment of irrigation water resources quantity in climate change conditions.
4. CONCLUSIONS
Acceleration of climate change processes activate agricultural and forest ecosystems instability
together with soil-ecological ecosystems degradation. The changes will reflect on productive and
environmental functions of soil cover in many Slovak regions especially in the southern part. However
there is a possibility to take advantage of the climate change for increasing of biomass potential
production assuming that optimal water balance management will be adopted.
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Abstract
Climate changes and their impact on soybean yield were studied under the agroecological conditions
of Vojvodina Province, the northern part of Serbia.
The following climatic parameters were monitored: temperatures (minimum, maximum, mean daily),
precipitation, actual and potential evapotranspiration, precipitation deficit and excess. The above
climatic parameters were analyzed into two periods: 1964-2008 and 1989-2008. Correlation
coefficients and variation coefficient were calculated for each factor in relation to soybean yields. The
above groups of years were divided into dry, average and humid years.
The obtained results indicated that the precipitation extremes became more pronounced and more
frequent. In the last 20 years as compared with the 44-year period, the precipitation in dry years was
reduced by 10.4%, and in rainy years it was increased by 8.9%. In the same periods, ETR (actual
evapotranspiration) was reduced by 5.8% in dry years and increased by 2.8% in humid years. The
soybean yield was in direct correlation with the average and minimum temperatures in August (r = 0.675*** and r = -0.648***, respectively) and ETR (r= 0.655***). The decrease of ETR by 28% in
dry years reduced the soybean yield by 11%. The increase in ETR by 18% increased the soybean yield
by only 16%. Yield losses in climatically similar years ranged from 2,998 to 10,065 t in western Srem
and from 2,006 to 3,075 t in eastern Srem.
Key words: climate change, soybean, yield, the region of Srem
1. INTRODUCTION
The purpose of performing cultural practices is to mitigate the effects of adverse weather conditions.
The more the farmer knows about production technology, the more optimal and stable are the achieved
yields. Sound knowledge of agricultural production technology, competence and skill to harmonize the
requirements of a cultivated crop with the potentials of the field and weather conditions of the year,
provide an optimum yield under the given conditions.
The agricultural production technology does not differentiate cultural practices into more and less
important ones. Nevertheless, the practices differ in their contribution to achieving the desired
objective. A mistake made in the performance of one cultural practice (e.g., tillage date or depth) is
difficult to correct or it cannot be corrected at all by intensifying another cultural practice. If, for
example, the soil water capacity is inadvertently reduced, irrigation may only temporarily alleviate the
problem.
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High and economically viable yields bring increased profit, which is the economic prerequisite for
increasing the quality of life. In that way, the human life on this planet acquires a new meaning, and
room is created for diversification of activities that enrich human life.
As climate changes become more and more evident, the need for new knowledge and its practical
applications keeps increasing. Field crop production in Serbia is carried out under climatic conditions
characteristic for the areas between 410 53' and 460 12' north latitude. More precisely, Serbia is located
in a zone of the warm temperate climate. The northern part of the country, administratively named the
Autonomous Province of Vojvodina, is located north of the Sava and Danube Rivers, between 430 30'
and 460 12' north latitude. The Vojvodina Province, under the semiarid climate, is the center of
intensive agricultural production in Serbia. The province is divided into three geographic regions Srem, Banat and Bačka. Srem is located between the Danube and Sava Rivers, and in the west it
borders with the Republic of Croatia.
The objective of this study was to analyze the effect of average climatic conditions on yield of
soybeans in the Vojvodina Province, and also their impact on soybean yields in Srem.
2. MATERIAL AND METHOD
In this study we used the average meteorological data calculated for the Vojvodina Province in the
periods 1964-2008 and 1989-2008. These climatic data were used to define the actual climatic
situation and its impact on soybean yields in the period since this crop had started to be grown
intensively in the Vojvodina Province and Srem.
The following climatic elements were used in the analysis of climatic data:
1. TEMPERATURES
a) mean daily temperatures
b) minimum daily temperatures
c) maximum daily temperatures
2. PRECIPITATION
a) winter (X-III)
b) growing season (IV-IX)
c) total precipitation for the hydrological year
3. WATER BALANCE
a) potential evapotranspiration (ETP)
b) actual evapotranspiration (ETR)
c) lack of rainfall
d) excess rainfall
To successfully establish the climatic situation for the studied periods, we divided the years into three
groups:
1) dry years (25% of the total number of years for the given period)
2) average years (50% of the total number of years for the given period)
3) humid years (25% of the total number of years for the given period)
Based on these results, observations were made of climate changes and their impact on soybean yields
in the period 1999-2008 in Srem.
Precipitation levels in the analyzed regions were defined on the basis of actual evapotranspiration
(ETR). The study years were grouped as follows:
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1) dry years (ETR below 271 lm-2) (2000; 2003; 2007)
2) average years (ETR from 263 to 348 lm-2) (2002; 2004; 2008; 2001)
3) humid years (ETR above 352 lm-2) (2006; 1999; 2005)
The studied climate factors were correlated with yields to obtain simple correlation coefficients.
For a more detailed study of climate effects on soybean yield, we defined two soil and climatic areas:
western Srem and eastern Srem.
Based on the performed analyses, we determined yield reductions in the three groups of years (dry,
average and humid), separately for the two areas of Srem.
3. RESULTS
The average climatic conditions for the periods 1964-2008 (44 years) and 1989-2008 (20 years) are
shown in Graph 1. The analysis of average precipitation (winter, growing season, total) showed that
the precipitation increased over last 20 years from 2.4% (growing season) to 3.2% (winter). These data
give no indication of possible adverse effects of drought in crop production. However, the analysis of
precipitation in dry years (25% of years of the respective periods, i.e., 11 and 5 years) indicated that
the winter precipitation increased over last 20 years by 1.8% (3 lm-2). In the same period (1989-2008),
the growing season precipitation decreased by 10.4% (24 lm-2), reducing the total precipitation by
5.2%. Smallest changes were registered in the category of average years. The precipitation levels
increased as follows: in winter by 3.9% (10 lm-2), during growing season by 4.4% (16 lm-2), and
overall by 3.5% (22 lm-2). Changes are much larger in the case of the humid years. The winter
precipitation increased by only 0.3%, the growing season precipitation increased by 8.9% (45 lm-2)
and the total precipitation was thus increased by 5.8% (49 lm-2). Concerning the rainfall during the
growing season, it dropped from 231 to 207 lm-2 in the dry years and it is increased from 506 to 655
lm-2 in humid years.
In the period of 44 years, the growing season rainfall in the dry years was 45.6% of the same category
of rainfall in the humid years. In the last 20 years, the corresponding ratio was reduced to 31.6%, i.e.,
the difference between the dry and humid years was increased by 14.0%. In other words, the dry years
became drier and the humid years became more humid. A new production technology has to be
developed to match the observed changes. The conventionally applied technology is not adequate any
more. The technology should be adapted to the new climatic situation, as Marinković and his
collaborators kept insisting previous years (Marinković et al., 2010, 2008a, 2008b, 2009). If we
consider the occurrence of drought during growing season, it can be seen that 4 out of the 5 years with
such distribution of precipitation occurred in the last 20 years, which means that droughts tended to
become more frequent. When, on the other hand, we analyze the occurrence of humid years, we may
note that all 5 most humid years occurred in the period 1989-2008, i.e., humid years were more
frequent and pronouncedly more humid. Rajić et al. (2005) reported that the precipitation increases as
we from north to the south of the Vojvodina Province. Conversely, Aleksandrov et al. (2000) claimed
that the precipitation pattern in Bulgaria has not changed, which agrees with the results of our analysis
if we consider annual averages. However, their results are inconsistent with ours when we take in
consideration the dry and humid years.
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Winter
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Winter
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(45)
(20)
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1989
1989
2002
2002
1990
1976
1996
1984
2001
4 years (36%)

(45)
(20)
2000
2000
1971*
1992
1992
1990
1990
1993
1993
2003
8 years (73%)

(45)
(20)
1990
1990
2002
2002
1971*
1992
1992
1989
1989
2003
7 years (64%)

(45)
(20)
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2005
1970*
2000
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1993
2000
1997
1993
1998
5 years (46%)

(45)
(20)
2001
2001
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1999
2005
2005
1996
1996
1998
1998
8 years (73%)

(45)
(20)
2005
2005
2001
2001
1999
1999
1998
1998
1981*
1997
9 years (82%)

5 wettest years

50 %

25%
11 years
169
231
468

5 years
172
207
437

22 years 10 years
265 (3.9%)
Winter:
Winter: 255
Growing season:
season: 366
382 (4.4%)
Total:
Total: 622
644 (3.5%)
+18%

-10.4%
-6.6%

X

45 years
Winter:
Winter: 252
Growing season:
season: 372
Total:
Total: 622

25%
11 years 5 years
336
337 0.3%
506
551 8.9%
793
835 5.3%

20 years
260 +3.2%
381 +2.4%
640 +2.9%

Graph 1. Precipitation analysis for the periods 1964-2008 and 1989-2008 in the location of
Rimski Šančevi
Graph 2 shows the water balance in two analyzed periods (1964-2008 and 1989-2008) and their
subperiods (average, dry and humid years). The average temperature in all analyzed intervals was
higher by 0.40C. This indicated that the plant requirement for water was increased too, which called
for better and more precise cultural practices. Temperature increase was also reported by other
researchers. The magnitude of increase was either similar to our results (Marinković et al., 2010.) or
slightly higher (0.870C for the past 10 years, Chloupek et al., 2004). In the dry sub-period, the annual
precipitation decreased by 10.4% (from 231 to 207 lm-2). The potential evapotranspiration (ETP)
increased by 2.8%, due to higher temperatures, while the actual evapotranspiration dropped by 5.8%,
due to reduced precipitation. In the same sub-period (dry years), the precipitation deficit increased by
16.2%, for the same reasons. The sub-period of average years registered the increase of all elements of
water balance. The amount of precipitation increased by 4.4%, the potential and actual transpiration by
2.8% and 0.8%, respectively, and the precipitation deficit of 11.9%. In this sub-period, the excess
precipitation increased by 13.3%. Most interesting changes occurred in the humid sub-period.
Similarly to the previous sub-period, all elements of water balance showed increased values, creating
favorable conditions for better yield performance. The total annual precipitation increased from 506 to
551 lm-2, or by 8.9%, which, in combination with the temperature increase of 0.40C, created conditions
for increases of ETP and ETR. Consequently, the potential evapotranspiration increased from 523 to
547 lm-2, or by 4.6%, while the actual evapotranspiration increased from 461 to 474 lm-2, or by 2.8%.
The temperature increase by 0.40C increased the precipitation deficit from 62 to 73 lm-2 (17.7%). The
excess precipitation was the only parameter in this sub-period that registered a reduction, from115 to
113 lm-2 (1.2%).
When the analyzed sub-periods are compared, several questions may be raised. Did the applied
cultural practices mitigate the effects of drought? Were the favorable conditions in the sub-period of
average years exploited to our advantage? How efficiently, in terms of yield, were used the humid
years? How high and in what way did climatic conditions affect the yield formation? Of the total
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number of analyzed years, 75% of them (50% average years+25% humid years) had more favorable
climatic conditions for yield formation than the average and dry years.
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0

+0.4 °C
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0

45
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(-1.2%)

+0.4 °C
(+3.5%)
(+2.9%)
(+0.3%)
(+11.5%)
(+20.7%)

Graph 2. Water balance paramaters in the Vojvodina Province
An explanation of the problems encountered in crop production may be sought in the following data.
The analysis of correlations between soybean yields and average climatic factors showed that there
existed a significant negative correlation with maximum temperatures (t0C, r = -0.840***).
Correlations were also high, significant and negative between soybean yields on one side and average
temperatures (r = -0.782***) and potential evapotranspiration (r= -0.609***) on the other. There was
no significant correlation between soybean yields and minimum temperatures. A high and positive
correlation existed between soybean yields and actual evapotranspiration (r = 0.808***). On the
average for the entire growing season, the coefficient of variation of the analyzed climatic elements
was extremely high, 21%.
There was no significant correlation between climatic factors measured in May and soybean yield. The
variation of these factors (c.v.) in May was only 8%, which means that this month had stable climatic
conditions. In June, soybean yield was significantly correlated only with the actual evapotranspiration,
R = 0.718 ***. The coefficients of variation (c.v.) of the studied factors were higher in June than in
May, amounting to 25%. The values of actual evapotranspiration (ETR) in July and August were
directly and positively correlated with soybean yield (r = 0.769*** and 0.655***, respectively).
Similar values had been reported by other authors (Marinković et al., 2010.) for sugarbeet and corn.
Some researchers (e.g., Richter et al., 2006.) prognosticated that the variation of climatic factors in the
coming years will further increase, from the current 15-18% c.v. to 18-23% c.v. in 2050 and 19-25%
c.v. in 2080. The higher the ETR, the higher the yields. The above data show that July had the
dominant effect the soybean yield. In July, minimum temperatures negatively affected the soybean
yield. The higher the minimum temperatures, the lower the yield and vice versa. The other parameters
had no significant effect on soybean yield. The variation (c.v.) of the studied climatic elements in July
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was 44%, which indicated the importance of these variations, particularly the variation of minimum
temperatures.
Table 1. Correlations between average climatic factors (May-August) and soybean yields
Climatic factor

Average for the period May-August and correlation
coefficients, r
Average values

r

t max C

27.2

-0.840***

t min oC

14.0

Ns

t av C

20.5

-0.782***

ETP (lm2)

101

-0.609*

ETR (lm2)

69

0.808***

Yield (kg ha-1)

2525

o

o

21

c.v. %

Table 2 shows which of the analyzed climatic factors, and in which month, exerted the dominant effect
on yield formation.
Table 2. Correlations between climatic factors and soybean yields
Months and correlation coefficients, r

Climatic factor
May

r

June

r

July

t max oC

24.2

ns

27.1

ns

28.8

t min oC

11.2

ns

14.1

ns

15.5

t av oC

17.6

ns

20.7

ns

22.0

21.6

-0.648***

ETP (lm2)

60

ns

106

ns

123

114

-0.635***

ETR (lm2)

60

ns

89

0.718**

66

60

0.655***

Yield (kg ha-1)

2525

c.v. %

8

25

r
-0794***

0.769***
44

August

r

28.8

-0.675**

15.2

60

Almost all climate factors measured in August, with the exception of minimum temperatures, affected
the yield. Except for ETR, the maximum and average temperatures and ETP exhibited highly
significant negative correlations with soybean yield (r = -0.675**, r = -0.648***, r = -0.635***,
respectively). The coefficient of variation of the factors measured in August was very high (c.v. 60%).
This means that the climate in the month of August, on average for the Vojvodina Province, thad he
dominant effect on soybean yield. The applied cultural practices were not sufficiently effective to
mitigate the climatic extremes, which agrees with the results of other researchers (Kovačević et al.,
2007, Marinković et al., 2008b).
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The importance of August temperatures, both maximum and mean daily ones, for yield formation of
various crops was treated by many authors (Kenter et al., 2006, Marinković et al., 2010). The results
of this study, which deals with soybean, agree with the observations of previous authors. The sole
effect of minimum temperatures in July on soybean yield does not agree with the results of some
authors (Marinković et al., 2008; 2010.) which claim suggesting that the climatic parameters in July do
not affect the yield of soybean.
Table 3. Correlations between yield and climatic factors (May-August) in the Vojvodina Province in
the period 1999-2008
ETR level, % of yield realization and correlation coefficients, r
Climatic factor

ETR < 268

ETR 288 – 327

(Years: 2000; 2003; 2008)

(Years: 2002; 2007; 2006; 2004)

Averag
e

%

r

Averag
e

%

ETR > 392
(Years: 2001; 2005; 1999)

r

Averag
e

%

r

t max oC

24.0

0.436***

24.7

ns

26.2

-0.399*

t min oC

12.8

0.443***

12.6

ns

12.8

-0.381*

t av oC

18.2

0.817***

18.5

0.417***

19.5

0.591**

ETR (lm2)

222

-29.3

0.594***

314

100%

0.441***

401

-27.7

Deficit (lm2)

243

+91.3

127

100%

23

-81.9

Yield (kgha-1)

1750

-25.9

2.36

100%

2.75

+16.3

0.376**

When we considered the dry years, i.e., the years with low actual evapotranspiration (<268), it was
noted that, under the given circumstances, the yield was affected by minimum, maximum and mean
daily temperatures. The correlation coefficients with the yield were high, significant and negative (r =
-0.436***, r = -0.443*** and r = -0.817***, respectively). Positive correlation existed only between
yield and ETR for the dry, average and humid years: r = 0.594***, r =0.441*** and r = 0.376***,
respectively. In average years, when the ETR values ranged from 288 to 327, only the mean daily
temperature had a significant negative effect on yield (r = -0.417***). When the ETR values were high
(humid years) the yield was significantly affected by all three temperatures, as indicated by the
significant correlation coefficients (r = -0.399***, r = -0.381*** and r = -0.591***, respectively).
If the average years (ETR 288-327) are taken as relative indicators of 100% for ETR, precipitation
deficit and yield, then it could be noted for the dry years that ETR decreased by 29.3%, the
precipitation deficit increased by 91.3%, and the yield decreased by 25.9%. The yield decrease was
lower by 3.4% than the reduction of ETR, which means that cultural practices only slightly reduced
the drought. In that case, the climatic factors were used relatively well. Some researchers ( such as
Alexandrov et al., 2000, Bruno et al., 2007) pointed out that, in light of the climate change, it is
necessary to grown earlier cultivars and hybrids. Our results indicate that the production technology
too should be adapted to the changed growing conditions. In the humid years, the precipitation deficit
was reduced by 81.9%, ETR was increased by 27.7%, and yield only by 16.3%. It means that not even
the increased ETR was used for yield increase. The difference between the actually improved climatic
conditions (ETR) and the yield was 11.4%, i.e., at least 11.4% of the yield was lost due to the actual
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climatic conditions. The loss occurred because of failures done somewhere in the cultural practices.
These results are in agreement with results of other authors (Marinković et al., 2008a, 2010).
A similar analysis was performed for the region of Srem (Table 4). In the dry years (ETR <261), the
precipitation deficit increased by 91.0%, the actual evapotranspiration decreased by 28.3% and the
yield was lower by 11.0% compared with the results for the average years (ETR 263-348). The yield
reduction was lower by 17.3% compared with the decrease in ETR. In that case, the cultural practices
partially compensated for the effect of drought.
Table 4. Correlations between yield and climatic factors (May-August) in the region of Srem in the
period 1999-2008
Climatic factor

ETR level and % of yield realization
< 267

ETR 263 - 348

ETR > 352

(Years: 2000; 2003; 2002)

(Years: 2007; 2001; 2004)

(Years: 2006; 2005; 1999)

Average
value

%

Average
value

%

Average
value

t max oC

26.2

24.9

24.2

t min oC

12.4

12.0

12.1

t av oC

19.2

18.1

17.9

2

ETR (lm )
Deficit (lm2)
-1

Yields (kgha )

%

225

-28

314

100

372

+18

233

+91

122

100

47

-62

2217

-11

2.49

100

2.88

+16

According to studies conducted in Russia and Ukraine, based on mathematical modeling (Podgeon et
al., 2001), yield reductions up to 40% might be expected in dry years. Yield reductions will be further
emphasized by the climate change. Climate changes modeled for the period 2021-2050 (Jones et al.,
2003) are expected to bring yield increases in northern Europe and yield decreases in southern Europe.
Mathematical models do not take into account the effects of cultural practices which should mitigate
the impact of the changes. In the opinion of the authors of this paper, the role of cultural practices
ought not be disregarded. Researchers engaged in the study of cultural practices share this opinion
(Molnar et al., 2001; Marinković et al., 2008, 2010).
In the humid years, the effect of cultural practices was not registered. It means that the favorable
climatic conditions were not fully utilized. Under the actual conditions, the difference between the
increase in ETR and the yield increase was 3.0%. The loss of 3% in relation to the yield of 2875 kg ha1
amounted to 86.2 kg ha-1. Calculated for the region of Srem and the average acreage in the three
years (14,078 ha), the average annual loss was 1214 tons of grain.
Graph 3 shows yield losses in two climatically very similar years and each of the dry, average and
humid periods.
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Graph 3. A trend of soybean yields in western Srem
In the case of the dry years, 2002 and 2003 were climatically similar, with 2003 being slightly
better.The actual evapotranspiration in 2003 was higher by 17 lm-2 than 2002, and this difference can
be considered as insignificant. In the former year, the precipitation deficit was lower by 52 lm-2 and
the maximum, minimum and average temperatures were lower by 2.1, 0.4 and 1.30C, respectively.
However, the difference in yield was 740 kg ha-1 in favor of the former year and a total yield loss was
10,065 tons at 13,602 ha. The observed climatic differences were certainly not the only cause for the
lost yield. Errors were obviously made in the planning and application of cultural practices.
In the case of the average years, climatic similarities existed between 2001 and 2007. The difference in
ETRs was only 1 lm-2, in the precipitation deficits differed by only 25 lm-2, and the respective
temperatures differed only by 2.1, 0.4 and1.20C. The yields differed by 510 kg ha-1 which, as the
acreage of 9,970 ha (2007) amounted to the loss of 5,084 tons of grain.
In the case of the humid years, 2004 and 2005 were climatically similar. The differences in the ETRs
were 12 lm-2, in the precipitation deficit 14 lm-2, and in the respective temperatures 0.2, 0.0 and 0.00C.
The total grain loss was 2,995 tons (in 2004) or 250 kg per hectare.
It was clearly evident that as the climate extremes became lower, the losses per hectare went down
from 740 to 510 and 250 kg ha-1. When considered cumulatively, these seemingly small losses grew
into formidable figures of 100,065 to 2,995 tons of lost grain.
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Graph 4. A trend of soybean yields in eastern Srem
Unlike in western Srem, the grain losses in eastern Srem were lower, ranging from 2006 to 3075 tons
of grain. Although seemingly small, these losses meant financial losses from 668,667 to 1,025,000
€ (euros).
In eastern Srem, the dry years of 2002 and 2003 were similar. The difference in yield was 490 kg ha-1
which, at an area of 6,276 ha, caused a loss of 3,075 tons of grain. In the case of the average years
(2001 and 2007), the yield difference was 310 kg ha-1, and a total loss of an area of 6,470 ha was 2,006
tons. The total loss in the humid year of 2004, compared with 2005, was 2,617 tons at an area of 5,453
ha and the average loss per hectare of 480 kg.
It was interesting to note that the loss of grain per hectare in eastern Srem was uniform in dry, average
or humid years alike (490, 310 and 480 kg ha-1, respectively).
4. CONCLUSIONS
Climatic changes were found to have taken place over the past 20 years (1989-2008) compared with a
period of 44 years (1964-2000).
·

In the dry years, in the last 20 years, the growing-season precipitation decreased by 10.4% (24
lm-2).

·

In the humid years, the growing-season precipitation increased by 8.9% (45 lm-2).
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·

The dry years were more frequent and more pronounced. Of the 5 driest years, 4 occurred in
the period of last 20 years.

·

The humid years too were more frequent and more pronounced. All of the 5 most humid years
were registered in last 20 years.

·

The proportion of the growing-season rainfall in the dry years against that in the humid years
decreased by 14%.

·

The temperatures increased by 0.40C in dry, average and humid years alike.

·

The actual evapotranspiration decreased by 5.8% in the dry years and increased by 0.8% in the
average and by 2.8% in the humid years.

·

Of the total number of analyzed years, 75% of them (50% + 25%) had climatic conditions
favorable for the formation of high yields.

·

Grain yield on one side and the maximum and minimum temperatures on the other were
negatively correlated (r = -0.840*** and r = -0782***, respectively).

·

Grain yield was negatively correlated with ETP and positively correlated with ETR (r = 0.609*** and r = 0.808***, respectively).

·

On average for the Vojvodina Province, the climatic conditions in August had the highest
impact on soybean yield.

·

The coefficient of variation of the climatic factors in August was high (c.v. 60%).

·

The following climatic factors in August were negatively correlated with soybean grain yield:
minimum temperature, mean daily temperature and ETP, r = -0.675***, r = -0.648*** and r =
- 0.635***, respectively.

·

A positive correlation existed between soybean grain yield and ETR in August, r = 0.655***.

·

In the dry years, those with ETR below 268 lm-2, the correlations between grain yield and
climatic factors were as follows:

·

Negative correlations were found with maximum, minimum and mean daily temperatures, r =
-0.436***, r = -0.443*** and r = -0.817***, respectively.

·

A positive correlation was found with ETR, r = 0.594***.

·

In the humid years (ETR> 392 lm-2), correlations were found between yield on one side and
maximum, minimum and mean daily temperatures (r = -0399*, r= -0.381*, r = -0.591**,
respectively) and ETR (r = 0.376 *) on the other.

·

In the dry years, the production losses in western and eastern Srem were 10,065 and 3,075
tons, respectively.

·

In the average years, the production losses in western and eastern Srem were 5,084 and 2,006
tons of grain, respectively.

·

In the humid years, the production losses in western and eastern Srem were 2,995 and 2,617
tons of grain, respectively.

·

The production technology can mitigate the negative climatic effects.

·

The soybean production technology can effectively reduce yield losses.
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Abstract
In the northern part of Serbia, in Vojvodina, in the environmental conditions of semiarid climate
monitored the effects of climatic factors on the formation of corn grain yield.
The study was conducted during two record high-yielding years (2005 and 2009) and during the year
with a maximum rainfall (2010) but with lower yields. Yield in 2010 was lower by 21.8 and 11.1%,
respectively to 2005 and 2009. Temperatures were not the limiting factor of corn yield. Precipitations
in 2010 were higher for the 22.3 and 115.4%, respectively. The actual evapotranspiration were higher
by 8.8 and 43.2% respectively. Insolation was lower in May for 63.5 and 71.4% and in June to 17.1
and 23.0%, respectively. Total sunshine for vegetation period was less for 13.9 and 15.6%.
Key words: corn, yield, temperature, precipitation, insolation, evapotranspiration
1. INTRODUCTION
Climate, soil, agricultural management and producer’s knowledge determine yield level of all crops,
and thus the corn. The level of the yield is determined by one factor which the man with his
knowledge, has not complied with the requirements of cultivated plants. Yields will certainly depend
on one production factor which was at the minimum at a certain stage of development of cultivated
plants. In the critical stages of plant development the lack of / or surplus of any production factors may
have unrecoverable consequences for yield. Good knowledge about the role of each factor in the
formation of yield is therefore necessary in order to properly define the optimal production technology
(Marinkovic et al., 2007). Most often, depressing effect of a production factor can not be corrected by
improving other factors. In this case, cumulative negative effect usually appears.
The last few decades are the time period during which observed increasingly frequent occurrences of
extreme weather events that have a devastating impact on agriculture and the environment in general.
These extreme events are caused by changes in meteorological variables, especially temperature and
the amount and spatial distribution of rainfall, which directly affects the intensity and duration of more
frequent heat waves and drought periods. Schär and Jendritzky (2004) cited as a classic example of
climate change the situation in 2003. year, when the southern, western and central part of the
European continent were affected by the intense heat wave, killing over 30,000 people and causing
property damage in agriculture and forest fires over 15 billion U.S. $. At the same time, significant
changes are occurred in terms of summer moisture variability across Europe (Van der Schrier et al.,
2006). The frequency of these extreme climatic events has led many climatologists and
meteorologists, but more and agronomists, to focus their research on discovering and defining the
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causes and consequences of climate change. This paper was prepared as a modest contribution for that
purpose.
2. MATERIAL AND METHODS
In this study meteorological data from the meteorological station Rimski Šančevi was used. The
station is located in Bačka loess plateau, about 2 km from the northern urban edge of Novi Sad.
Coordinate values are φN 45° 19' 23" and λE 19° 49' 46"; elevation 84 m. We used the following data:
the minimum, maximum and daily mean temperatures, precipitation sums, length of sunshine
(insolation) as well as some water balance elements; potential and actual (real) evapotranspiration
(ETP and ETR, respectively). The data were taken for 2 years when in our field trials achieved record
corn yields (2005 and 2009); as well as 2010 - the year with record rainfalls, but not records corn
yields. Corn grain yield (at 14% grain moisture) was observed in two experiments: long term
stationary NPK trial (established in 1965/66 at the experimental field of the Institute of Field and
Vegetable Crops; Rimski Šančevi, Novi Sad, Serbia) and in trial of Commission for cultivars
approving. In long term stationary trial during all investigated years was the same corn hybrid, while
from the Commission trial we used a hybrid which was standard in the same maturity group. The
average corn yield of regions South Bačka and Vojvodina was also compared with same
meteorological data.
3. RESULTS
Yields of corn grain with 14% water are shown Table 1. Record yielding years in the trials were 2005
with the highest, and 2009 with slightly lower yield. In the last 2010, there was not a record yield,
although it was a year with more rainfall compared with the two other.
Table 1. Corn grain yields (t ha-1) in trials and production conditions
of Vojvodina and South Bačka
Yields in:

2005

2009

2010

Long term stationary
NPK trial

17.34

15.3

13.6

Commission for cultivars
approving

14.0

13.0

12.0

Vojvodina

6.5

5.6

7.5

South Bačka

6.7

6.5

8.3

There is a question, what is the other climate factor influencing that the record yield has not been
established? In production conditions it was the year with record yields and production. Why has not a
maximum yield of 15 tons per hectare or more been achieved in 2010 trial?!. To give an answer to this
question it is necessary to analyze many factors of production, and thus the climate. The role of
climatic and production factors in the formation of main crops yields in the region have been analyzed
in several studies given by Marinković et al. (2008; 2009; 2010), Malešević et al. (2008), Rajić et al.
(2008) and Lalić et al. (2009).
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Looking at the monthly average temperatures (minimum, maximum and means; Table 2) we can not
see any reasons why in 2010 record yields were not achieved, i.e. why they are smaller than in the
other two years. In all months during the growing season temperatures were on the level of 2005 and
2009, or at the level of long-term average. All three temperatures indicators could not affect the
formation of a smaller yield.
Table 2. Temperature conditions in the analysed years (oC)
Years/Months

April

May

June

Min.

Max.

Mean

Min.

Max.

Mean

Min.

Max.

Mean

2005

4.1

17.5

11.8

8.4

22.6

13.0

13.5

25.1

19.9

2009

8.0

21.6

14.6

12.0

25.0

18.5

14.1

24.8

19.7

2010

7.2

17.6

12.3

12.3

22.0

16.9

15.3

25.2

20.2

Long-term average

6.3

17.9

12.0

11.4

23.2

17.4

14.5

26.3

20.5

Years/Months

July

August

September

Min.

Max.

Mean

Min.

Max.

Mean

Min.

Max.

Mean

2005

16.1

26.9

21.9

15.2

24.9

20.9

12.6

23.2

17.1

2009

15.9

29.3

22.8

16.1

30.2

23.0

13.0

26.8

19.3

2010

17.8

28.9

23.1

16.5

28.0

22.0

12.0

21.6

16.2

Long-term average

15.8

28.4

22.1

15.8

28.6

21.9

11.3

23.2

16.7

Table 3. Precipitations and water balance elements (mm)
2005

2009

2010

Precipitation (mm)
winter

veget.

total

winter

veget.

total

winter

veget.

total

375

530

905

242

272

514

423

634

1107

ETP (mm)
V

VI

VII

VIII

S

V

VI

VII

VIII

S

V

VI

VII

VIII

S

44

108

122

112

386

63

106

127

128

424

58

109

129

122

418

ETR (mm)
V

VI

VII

VIII

S

V

VI

VII

VIII

S

V

VI

VII

VIII

S

44

106

122

112

384

63

106

104

19

292

58

109

129

122

418

Deficit (mm)
V

VI

VII

VIII

S

V

VI

VII

VIII

S

V

VI

VII

VIII

S

0

2

0

0

2

0

0

23

109

132

0

0

0

0

0

Surplus (mm)
V

VI

VII

VIII

S

V

VI

VII

VIII

S

V

VI

VII

VIII

S

8

76

0

0

84

0

8

14

0

22

56

63

5

27

151

64
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Precipitation (Table 3) was also not a limiting factor since the winter, vegetation and total annual sum
were higher in 2010 compared with 2005 and 2009. If we compare 2010 to 2005, winter, vegetation
and total rainfall were higher for 12.8%, 19.6% and 22.3% respectively, although the highest yield was
in the 2005. Potential evapotranspiration in 2010 was on the level of 2005 or higher in all months
during the growing season. Real evapotranspiration (ETR) in all months during the 2010 growing
season (V-VIII) was greater than the ETR in 2005 and 2009. Total ETR (V-VIII sum) in 2010 (418
lm-2) was higher by 8.8% compared to 2005 (384 lm-2) and by 43.2% compared to 2009 (292 lm-2).
Surplus of rainfall was significantly more pronounced in 2010 compared to 2005 (79.8%). The biggest
surplus was in May (700%). This surplus in May contributed to the poor rooting of plants and lessdeveloped root system. About the precipitation effect on the development of plants roots, mainly
through changing the position of mineral nitrogen in the soil profile, reports a number of authors
including Marinković et al. (2008; 2010); Jaćimović et al. (2008); Latković et al. (2011).
In addition to surplus of rainfall, the yield was also affected by less the number of sunshine hours in
May, especially in its second decade (Tab. 4). Then the sunshine was lower by 63.5% (47 hours) and
71.6% (68 hours), respectively for 2005 and 2009. Corn was then in the fourth stage of organogenesis.
Reduced insolation continues in the first decade of June, when the ear was in the fourth stage of
organogenesis. At the end of growing season total length of sunshine in 2010 was slightly lower
compared to the other two years (for 16.1 and 18.5%).
Table 4. Climatic conditions in the second decades of May, June and July
Year

Temperature (oC)
Min.

Max.

Mean

Precipitation (mm)
mm

Insolation (h)

surplus

h

Σ

May (II decade)
2005

8.5

20.8

11.5

15

2

74

277

2009

13.9

27.3

20.6

13

-

95

304

2010

10.3

17.9

13.5

59

44

27

190

Long-term average

11.5

23.2

17.4

22

-

84

264

June (II decade)
2005

14.3

25.9

21.5

8

-

117

311

2009

14.1

27.5

21.3

42

-

126

249

2010

18.4

29.5

23.5

17

27

97

227

Long-term average

14.8

26.6

20.7

35

-

98

-

July (II decade)
2005

17.4

26.8

23.6

45

-

86

292

2009

15.6

29.2

22.8

5

-

129

370

2010

19.8

31.8

26.1

45

-

127

326

Long-term average

15.8

28.4

22.1

-

-

-

-
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Surplus of rainfall, lack of sunshine and high maximum temperatures in the second decade of July
influenced the formation of much lower grain yield in 2010. The yield was lower for 21.8 and 12.5%,
respectively for 2005 and 2009.
The study of relationships between meteorological variables and crop yields in a long-term field
experiment in southern England, Rothamsted, UK, show that the long-term changes in crop yields at
Rothamsted are partially related to climate variations (Chmielewski and Potts, 1995). The main effect
on grain yield had precipitation. According to Mearns et al. (1992), in general increases in variability
of temperature and precipitation resulted in significant increases in wheat yield variability and crop
failures in the sensitivity experiments, but precipitation changes had a more pronounced effect. In
order to more confident track of the mentioned above effects, it is necessary to perform continuous
measurements directly in the crop of cultivated plants which is possible with wireless sensors
networks application (Marinković et al. 2009a, 2010a).
4. CONCLUSIONS
Grain yield in 2010 was lower by 3.8 t ha-1 (21.8%) and by 1.7 t ha-1 (11.1%) respectively to 2005 and
2009. In 2010 monthly minimum, maximum and daily mean temperature were at the level of other two
years or at the long-term average level. Temperatures are not limited the possibility of forming a
record yield.
Precipitations in 2010 were higher, the winter by 12.8 and 74.8%, and vegetation by 19.6 % and to
133.1%, respectively to 2005 and 2009. In 2010 was higher real evapotranspiration by 8.8 and 43.2%
and rainfall surplus 79.8 and 586.4% respectively to 2005 and 2009.
Sunshine in the second decade of May was lower for the 63.5 and 71.4% in the first decade of June to
17.1 and 23.0%, respectively to 2005 and 2009. Opposite to precipitation, in 2010 total sunshine
during the growing season was lower by 13.9 and 15.6%; respectively to 2005 and 2009.
To effectively monitor, control and make timely and more confident decision in crop production is
needed more often or continuously recording meteorological indicators directly in the crop, for which
the most suitable are wireless sensor networks.
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Abstract
Adsorption techniques are widely used to remove certain classes of pollutants from wastewater,
especially those that are not easily biodegradable. The azo dyes represent one of such problematic
groups. Natural clinoptilolite was used as a low-cost adsorbent to evaluate its ability to remove color
from wastewater. In the present paper, the adsorption of azo dye sodium 1-amino-7-azophenyl-(4’benzimidazole)-8-naphthol 3,6 disulphonate into both as-received and Na-exchanged clinoptilolite
was studied by a series of experiments. The effect of parameters such as the initial concentration of
dye, temperature and particle size of clinoptilolite is analyzed. The results indicate that as-received
clinoptilolite has a limited adsorption capacity in contrast to Na-rich clinoptilolite which showed
satisfactory behaviour.
Keywords: azo dyes, clinoptilolite, wastewater
1. INTODUCTION
Textile industries use large amounts of water and chemicals for dyeing processes. Dye wastewater
usually consist of a number of contaminants including acids, bases, high level of suspended solids,
dissolved organics, toxic compounds and high color content. The removal of organic and inorganic
cations from industrial wastewater using different adsorbents is always of great interest (Abollino et
al., 2000; Ersoy et al., 2004).
In order to remove dyes from wastewater, many chemical, physical or biological treatments have been
used either separately or in combination (Liakou et al., 2003; Al-Degs et al., 2000). Among these
removal methods, adsorption process is a prominent method. Activated carbon is the most popular
adsorbent and widely used (Mckay, 1982; Chern et al., 2001). Due to its low cost and necessity of
regeneration, many new approaches have been developed. Thus for the removal of different type of
substances from wastewater, several materials have been evaluated as adsorbents like clay (Hisarli,
2005), perlite (Alkan and Doğan, 2001; Doğan and Alkan, 2003; Doğan and Alkan, 2003; Doğan,
2004), silica gel (Jesionowski, 2005), synthetic and natural zeolites (Ozdemir et al., 2004; Wang et al.,
2006; Benkli et al., 2005; Armağan et al., 2004; Yener et al., 2006; Metes et al., 2004; Armağan et al.,
2003; Armağan et al., 2004), etc. The synthetic and natural zeolites are important alternatives as
adsorbents due to its high ion exchange and adsorption capacities as well as thermal and mechanical
stability.
Clinoptilolite, one of the natural zeolites, is an abundant component of volcanogenic sedimentary
rocks (Breck. 1974), belongs to heulandite family with the following general chemical formula:
(Na,K,Ca)4Al6Si30O72·24H2O (Tsitsishvili et al., 1992). Its crystal habits include blocky or tabular
crystals with good monoclinic crystal form and the framework forms oblate channels confined by tenmembered (7.5 × 3.1 Å) and eight-membered tetrahedral rings (4.6 × 3.6 Å) parallel to the c-axis
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(Baerlocher et al., 2001). Its secondary porosity-consisting of mesopores and macropores- is
connected with voids between zeolite crystals and other mineral grains in the rock.
Clinoptilolite have received extensive attention due to availability and low cost and to its attractive
selectivity for certain heavy metal cations (Cobzaru et al., 2002; Cobzaru et al., 2009; Vaca-Mier et
al., 2001; Doula, 2006; Petrus and Warchol, 2005; Erdem et al., 2004; Bektas and Kara, 2004;
Inglezakis et al., 2003; Inglezakis et al., 2002; Zorpas et al., 2000), organic and inorganic anions
(Bowman et al., 1993; Li et al., 2005; Kowalak and Jankowska, 2003), etc. In the same time, it has
been realized that, the application of clinoptilolite in removing dye from wastewater has rarely been
reported (Benkli et al., 2005; Armağan et al., 2004; Yener et al., 2006; Metes et al., 2004; Armağan et
al., 2003; Armağan et al., 2004). The reported studies made evident the values of the ionic exchange
capacities to be strongly influenced by several factors regarding the both chemical and structural
properties of the zeolite (composition, porosity, pre-treatments, etc) as well as the exchange process
parameters (ion concentrations, temperature, time, presence of other ions, etc).
These reasons support the necessity of the present study, aimed to investigate the possibility for an
easy to handle and economicaly viable removal method for the sodium 1-amino-7-azophenyl-(4’benzimidazole)-8-naphthol-3,6-disulphonate, a water soluble azo dye, from aqueous solution by
adsorption on the native and modified clinoptilolitic volcanic tuff. The sodium 1-amino-7-azophenyl(4’-benzimidazole)-8-naphthol-3,6-disulphonate is an azo dye used to dye the fabrics. Its is also known
as an undesired effluent of wastewater coming from textile industry. The effect of parameters such as
the initial concentration of azo dye, temperature of process and particle size of clinoptilolite were
investigated.
2. EXPERIMENTAL
2.1. Dye solutions (Cernatescu, 2004)
A. Diazotization. 1-Methyl-2-(4’-aminophenyl) benzimidazole is treated with a HCl solution in 1: 5
mole ratio, then a 10% NaNO2 solution added and stirred for 15 minutes.
B. Coupling I. A diazonium salt solution is added to the diazotized solution when a precipitate occurs.
The diazonium salt solution is buffered with sodium acetate and then added on the alkalinized
coupling component adjusting the pH with Na2CO3.
C. Coupling II. The operations described above are repeated.
The dye obtained this way is separated, washed, filtered off and purified. The azo dye is finally
obtained. The sodium 1-amino-7-azophenyl-(4’-benzimidazole)-8-naphthol-3,6-disulphonate are the
following structure:

OH

N

NH2

N N
N
CH3

NaO3S

SC3Na

Some characteristics properties of the obtained dye are given in Table 1.
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Table1. The characteristics of azo dye.
Molecular formula

Colour

m.p.oC

Observations

C24H19N5O7S2

Metallic mauve

> 300

Ethanol insoluble fraction.

2.2. Preparation and characterisation of zeolitic materials
The volcanic tuff under study was mined from the Mirsid deposits in Romania and had a clinoptilolite
content of 70%. The natural zeolite material (NZ) was washed with distilled water, dried, ground and
screened. Samples of particles size with of 0.60 mm and 0.43 mm were prepared from this natural
material. The samples were brought into contact with a 1N sodium chloride aqueous solution in a tuff:
solution volume ratio of 1:10, at the temperature of 80oC for 24 hours, stirring occasionally and
replacing the solution with a newly prepared one after 6 hours. After the exchanging process the
volcanic tuff was washed with distilled water and dried at 120 °C for 15 h. The tuff chemically
modified as the sodium form (NaNZ) was thus obtained. The Na+ cations in exchange solutions were
analysed flame photometry, and the content of exchanged ions (sodium equivalent) is of 2.05 mEq
Na+/g tuff as estimated by determining the sodium amount in the solution after the exchange process.
The crystalline phase identification of samples was carried out by XRD by using a Bruker AXS D8
diffractometer using Cu Kα radiation. The textural characterization was achieved using conventional
N2 adsorption/desorption method, with a Micromeritics ASAP 2010 automatic analyzer. The specific
surface area was assessed by the Brunauer–Emmet–Teller method. The surface acidity was measured
by temperature programmed desorption (TPD) using ammonia as probe molecule. Prior to the TPD
experiments, the solids were calcined in air flow at 450 °C for 5 h. Ammonia was adsorbed in flow
mode for 15 min at 100 °C. The physisorbed ammonia was removed by evacuation of sample at 100
°C for 4 h, in a dry nitrogen stream. The ammonia desorption was carried out in nitrogen flow at a
heating rate of 10 °C min-1 up to 650 °C. The desorbed ammonia was captured in an aqueous HCl
solution and continuously monitored with a two-electrode conductivity cell.
2.3. The adsorption techniques of azo dye on the obtained samples.
The native tuff (NZ) and its sodium form (NaNZ) were put into contact with 0.001N dye solutions
(1:10 ratio by vol.). The process was carried out in both 60oC and 80oC, for several hours. After the
adsorption period, the mixtures were centrifuged for 5 min at 4500 rpm and the phases were separated.
The equilibrium concentration of azo dye in the solution phase was determined spectrophotometrically
by measuring absorbance at maximum wavelength between 380-424 nm for sodium 1-amino -7azophenyl - (4’-benzimidazole) -8-naphthol -3, 6 disulphonate through a UV-VIS spectrophotometer.
The dye amount in the wastewater was estimated by means of the mathematical relationship given by
S. Kılınç et all., 2008.
3. RESULTS AND DISCUSSIONS
3.1. Characterisation of solid phase
The chemical composition of used materials, expressed in terms of oxide species are provided in Table
2.
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Table 2. Chemical composition of catalytic materials
Sample

Si/Al

NZ
NaNZ

Composition, % mole

mole/mole

SiO2

Al2O3

Na2O

K2O

CaO

MgO

Fe2O3

5.76

84.45

7.60

0.42

1.94

3.88

1.35

0.36

5.42

83.88

7.76

3.77

0.96

1.69

0.87

0.75

As expected, after the ion exchange significant modifications in clinoptilolite chemical composition
were produced. Thus, in the case of NaNZ the ratios between different cations strongly changed after
the ion exchange, whereas the Si/Al ratio remained close to that of the parent NZ sample.
The structural characteristics and the identification of the mineral components in solid phase were
explored by X-ray diffraction (XRD). Figure 1 shows XRD patterns of natural zeolite (NZ) and
sodium modified natural zeolite (NaNZ).

Figure 1. XRD patterns of the volcanic tuff samples: (a) patterns of natural zeolite (NZ); (b) patterns
of sodium modified natural zeolite (NaNZ).
According to the X-ray diffraction data depicted in the Figure 1, the clinoptilolite (a) is identified by
its characteristic peaks at 2θ=9.85o, 22.4o and 30o which are indicated by arrows on the diffractogram
(Doula et al., 2002). A comparison between the DRX diffraction patterns of the samples of native
volcanic tuff (NZ) and that modified as sodium form (NaNZ) revealed rather small differences such as
in the shape of the basic line which is smoother with the second sample as well as in the sharper peaks
indicating a better crystallinity.
The textural characteristics were evaluated using conventional nitrogen adsorption-desorption
procedure. The isotherm of the native tuff-NZ (Figure 2) has a shape intermediary between the type II
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and IV showing a big hysteresis loop being indicative of the presence of both micropores (a rather low
amount) and mesopores, the last being probably generated by intergrain associations. The nitrogen
isotherm of NaNZ (not shown here) is similar to that of NZ sample indicating no textural modification
caused by ion exchange.

Figure 2. Nitrogen adsorption-desorption isotherms of the native tuff-NZ measured at 77K.
The surface acidity of the materials was studied using the temperature programmed desorption (TPD)
of ammonia. The quantitative evaluation (Table 2) indicates that the total number of acid sites for the
natural (NZ) and sodium form (NaNZ) are 1.32 mmolg-1 and 1.14 mmol g-1 respectively.
Table 2. The temperature programmed desorption (TPD) of ammonia and the total surface area of
catalytic materials.
N2 (mmol NH3 g-1)

SBET(m2/g)

NZ

1.32

27.28

NaNZ

1.14

28.54

Sample

The shape of the ammonia TPD curve for the native tuff (Figure 3) shows a band of strong desorption
at moderated temperatures which is indicative of predominantly weak and medium acid sites with
rather low participation of the strong acid sites. The ionic exchange with sodium caused in NaNZ
sample a quasi total disappearance of the strong acid sites. Also, the shape of the ammonia TPD curve
for the volcanic tuff in H+ form is comparatively depicted in Figure 3.
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Figure 3. The programmed ammonia thermodesorption shapes for both the native tuff
and NaNZ samples.
3.2. The effect of the particle size of clinoptilolite on the adsorption process.
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In the first stage the effect of the particle size for the NZ and NaNZ samples on the amount of the
adsorbed dye in the wastewater was followed. In Figure 4 the variation of the adsorbed azo dye for the
two samples is presented.
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Figure 4. The effect of the particle size of zeolitic material on adsorption process.
(a) the particle size of 0.6 mm; (b) the particle size of 0.43 mm.
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The experimental data presented in Figure 4 make evident the adsorbed azo dye amount to be
insignificant in case of the native tuff (NZ) and slightly increased with NaNZ. The fact is noticeable
that such an increase is more significant with the sodium form of the volcanic tuff of 0.43 mm particle
size (Figure 4, b). This is probably because smaller particle size results in an increase of the surface
area.
3.3. The effect of the temperature of the adsorption process.
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The temperature effect on the azo dye adsorption process on the two samples (NZ and NaNZ) was
investigated at 60oC and 80oC. The experimental data are presented in Figure 5.
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Figure 5. Temperature effect on the azo dye adsorption process on the two samples: NZ and NaNZ.
(a)-60oC; (b)-80oC
A comparison of the experimental data obtained with the native zeolite material (NZ) at 80oC and
60oC makes clear that the amount of the dye adsorbed on the two samples is higher in the low
temperature. Furthermore, in both cases the adsorbed dye amount is higher on NaNZ than on NZ.
4. CONCLUSIONS
A natural clinoptilolite-based material, in two different particle sizes, was prepared using an ion
exchange method. This sample was characterized and successfully used in adsorption of sodium 1 amino - 7 - azophenyl - (4’-benzimidazole) – 8 - naphthol - 3, 6 disulphonate from wastewater. The
adsorption of azo dye was found to be dependent on temperature of process and particle size of
clinoptilolite. The adsorbed amount of azo dye increased with decreasing both the particle size (the
adsorbed amount of azo dye on NaNZ with particle size of 0,6 and 0,43 mm was 80% and 85,71%
respectively) and temperature of process (the adsorbed amount of azo dye on NaNZ at 80oC and 60oC
was 70,9% and 90,9% respectively). In both cases the clinoptilolite has a limited adsorption capacity
in contrast to Na-rich clinoptilolite.
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Abstract
The “Promoting Green Products” project (LIFE+08/INF/RO/000507), financed by the European
Commission through the LIFE+ program has as its main objective the development of a campaign
meant to raise awareness in order to promote the production and consumption of “green products”.
In this framework, one of the first activities implemented is the opinion survey campaign in order to
identify the attitude of citizens towards green products. This is the first project of this kind in Romania
and in the present study the first results of the 710 filled-in questionnaires are presented.
Keywords: opinion research, green products, green labels, eco-labeling, LIFE+, Romania
1. INTRODUCTION
Being environmentally friendly is becoming more than a trend. The last few years, people have grown
more aware of how their actions affect the environment. The “Promoting Green Products” project
(LIFE+08/INF/RO/000507), financed by the European Commission through the LIFE+ program has
as its main objective the development of a campaign meant to raise awareness in order to promote the
production and consumption of “green products” (http://www.greenpro.ub.ro/). This project is the first
Information and Communications LIFE+ project awarded to Romania and one of the 17 funded in the
whole EU territory in 2008. The closest relevant project in the past was the one implemented by the
Bucharest Municipality (2003–2005) the ECOMARKET project (LIFE02 ENV/RO/000462) but the
project focused on the minimization of the environmental impact of food markets that permanently
operate in open or partly open spaces, and to demonstrate how eco-labels can be an effective
instrument towards environmental sustainability (Municipality of Bucharest, 2005).
Environmentally responsible choices and the “being green” initiatives are becoming more than
qualities, but attitudes for some consumers and producers. It is a sign of respect for the future. A
survey realised in 2007, involved 7,751 people in Brazil, Canada, China, France, Germany, India, the
United Kingdom and the United States, stated that 87% percent of consumers worry about the
environmental and social impact of the products they buy. Nevertheless small European countries,
though not engaged in the survey, are not negligible from this point of view, since they try to develop
means to educate consumers and producers about the benefits of green products. (GREEN PRO,
2010). A recent study in the EU territory concluded that EU citizens were most likely to select
minimising waste and recycling as the actions having the greatest impact on solving environmental
problems (selected by 30%) and they were somewhat less likely to believe that buying products
produced by eco-friendly methods or energy-efficient home appliances would have the greatest impact
(selected by 21% and 19%, respectively). Furthermore, almost half of EU citizens said that
ecolabelling plays an important role in their purchasing decisions; (European Commission, 2009).
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As environmental problems grew in ‘80s, environmental awareness gradually developed and
inevitably the market as well as the governments started to follow the trend and in our days green
products have gained recognition and a market share that grows constantly. What is called
“sustainable consumption” has become a strong trend and an effective means of protecting the
environment. Appearance of the green marketing and green products has started only the last two
decades in Europe and even later in the new Member States. As of our days, the meaning of the word
“green” has several meanings converging however to the ecological and environmental area. Thus,
green products (or services) are the ecologically (or environmentally) friendly products (or services),
which do not cause or cause a minimum of damage to the environment in each phase of their whole
life cycle (Teodorescu et al., 2009).
After 1989 the Romanian market has experienced tremendous changes and a continuous process of
transformation and modernization and the market transformed itself from a closed market to an opened
market. As a natural consequence, the consumers have also changed their consumption habits and if in
the early 90’ the most important criteria were the price of acquisition, nowadays the quality plays an
essential role as well. In 2002, in Romania, the Government Decision No. 189/2002 establishes the
eco-labelling awarding procedure for 21 groups of products (goods and services) (Grundey and
Zaharia, 2008). Competent Authorities in Romania are trying to raise awareness through a series of
campaigns in favour of environmental protection. Right now, in Romania, green alternatives are not
always obvious or well-promoted although they have beneficial attributes. It is very important that
people realize that green products represent the quality of life and a comfortable future (GREEN PRO,
2010). A recent consumers study in Romania (2009) has concluded that only some people are really
interest in the environmental problems, they considered themselves more environmentally friendly
than they actually are and they consider that ordinary people can do little to for the protection of the
environmental (Teodorescu et al., 2009). According to the authors, the profile of an environmentalist
person would be especially women, more than 36 years, married, with post-graduate studies, with one
or two children and with family income above average. Furthermore, is that people over 36 years and
rather more than 46 years have a actual ecological behavior than young ones.
2. METHODOLOGY
A survey was conducted in July-October 2010 in order to examine Romanian citizens’ knowledge and
levels of concern about sustainable consumption and production and in particular, green products. The
questionnaire is shown in Table 1. A number of 710 questionnaires were dully filled-in by randomlyselected citizens who were interviewed predominantly by face-to-face basis, mainly in market places
in Bacau metropolitan area. However, questionnaires were received from all over the Romanian
territory. Out of these, a number of 199 questionnaires were distributed via e-mail to a large number of
contacts from the working team lists.
The “margin of error” is a common summary of sampling error, which quantifies uncertainty about (or
confidence in) a survey result. For example, if it was estimated that 45% of EU citizens are in favour
of a single European currency and this estimate is based on a sample of 100 EU citizens, the
associated margin of error is about 10 percentage points, which means that the 95 percent confidence
interval for support for a European single currency would be (45%-10%) to (45%+10%), suggesting
that in the EU the support for a European single currency could range from 35% to 55% (European
Commission, 2009). In Eurobarometer surveys for sustainable consumption and production a smaple
of about 1000 citizens has been chosen. The sample of the present study of 710 participants, results in
a margin error between 1.5-3.5%.
According to the results, the citizen’s profile is:
·

53% women and 47% men
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·

49% 14-22 years old, 37% 22-35 years old, 8% 35-45 years old and the rest of 6% older than
45 years old.

·

94% have studies or are studying right now

·

80% are coming from urban areas
Table 1: Questionnaire (consumers profile questions are not included here)

1. Do you believe that the environment needs protection?

Yes
No
I’m not sure

2. Do you believe that you could contribute to
environmental protection?

Yes
No
I’m not sure
I don’t know/I won’t answer

3. In your opinion, which of the following actions would
have the highest impact in solving environmental issues?
(only one answer is allowed)

Buying energy-efficient household appliances
Buying environmentally friendly products – ecoproducts
Reducing water consumption
Minimizing and recycling waste
Traveling less and using less-polluting transportation
I don’t know/I won’t answer

4. In general, how much do you know about the
environmental impact of the products you

I am fully informed
I know the most significant effects

buy and use? (only one answer is allowed)

I know a few things
I don’t know anything
I don’t know/I won’t answer

5. How important are the following criteria when
choosing the product that you are going to

A. The impact of the product on the environment

buy? (only one answer per category is allowed)

Very important
Rather important
Rather unimportant
Unimportant
B. Product price
Very important
Rather important
Rather unimportant
Unimportant
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C. Product quality
Very important
Rather important
Rather unimportant
Unimportant
D. Product brand (name)
Very important
Rather important
Rather unimportant
Unimportant
6. Some products have a label that certifies that they are
“green”. Which characterization is

Ecologic labeling plays an important role in my buying
decisions

better?

Ecologic labeling doesn’t play an important role in my
buying decisions
I never read the label
I don’t know/I won’t answer

7. Do you know any ecologic labels? If yes, please name
them.

No
Yes
I don’t know

8. Have you ever identified “green” products in Romanian
markets? If yes, please name it (them)

Yes
No
I’m not sure
I don’t know

9. Have you purchased green products in the last two
months? If yes, please name them.

Yes
No
I’m not sure
I don’t know
If not, please specify the reasons:
Green products are too expensive
I couldn’t find any green products
I couldn’t identify any green products
I don’t know/Other reasons

10. Why do you believe that “green” products are better?
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They use less energy
Because of the wrapping
Other reason
I don’t believe that “green” products are better
I don’t know
11. Are you willing to pay more for “green” products?

No
Yes
Yes, but not more than 5%
Yes, but not more than 15%

12. How much trust in the producers’ statements about the
environmental performance of their products do you
have? (only one answer is allowed)

Total trust
More trust
More distrust
Total distrust
I don’t know/I won’t answer

13. When you buy products that use electrical power
(such as TV sets or computers) or fuel (boilers, vehicles),
do you take into consideration their energy efficiency?
(only one answer is allowed)

Always
Often
Rarely
Almost never
I don’t know/I won’t answer

14. Do you have difficulties identifying green products?

No
Yes
I don’t know/I won’t answer
If yes, please specify the reasons
Not enough instructions, difficulty identifying authentic
green products
Few products, too few options
I don’t know how to identify green products
Other reason
I don’t know/I won’t answer

15. How can distributors contribute to the promotion of
green products? (only one answer is allowed)

Inform the consumers better
Make regular promotions focusing on green products in
stores
Create a corner in stores dedicated only to green
products
Increase the degree of visibility of green products on
the shelves
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I don’t know/I won’t answer
16. Do you believe that public authorities should take a
more significant role in promoting green products?

No
Yes
I don’t know/I won’t answer
If yes, in what way?
Better promotion
Offering financial incentives
Education
To give an example through their actions
Legislation
I don’t know/I won’t answer

17. Would you mostly buy green products if there was a
complete database of ecological products?

Yes
No
I don’t know

18. Should there be special shelves for easy-to-identify
ecological products in supermarkets?

Yes
No
Maybe
I don’t know

3. RESULTS AND DISCUSSION
As the results are under processing in the present paper the answers for only some questions are
provided and commented. The results have shown some clear trends and identified certain issues while
they show a good level of internal consistency and are close to the Eurobarometer report of 2009,
which is our basis of comparison in the present paper (European Commission, 2009). Is underlined
that only Eurobarometer questions that are very close to the ones of the present survey are used for
comparisons but in any case they are not always identical and this the conclusions should be used with
care as they offer only a general analysis. However, we have the opinion that the conclusions are very
useful as a fist approach to an issue that only recently is investigated in Romania and the results in the
literature are extremely rare.
Starting from the very basics almost all Romanian citizens believe that the environment needs
protection (question 1 “yes” rate is 99%), that they could contribute to environmental protection
(question 2 “yes” rate is 95%) while they are either fully informed or they know the most significant
effects of the products to the environment by 67% (question 4). Eurobarometer reports that 55% of EU
citizens and 48% of Romanians claimed that when buying or using products they are – generally –
fully aware or know about the most significant impacts of these products on the environment (Figure
1).
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Figure 1. Citizens awareness level
The present research showed that although only 36% of the citizens know some ecologic labels
(question 7) about 54% have identified green products in the Romanian market (question 8) and
almost 50% declared that ecologic labeling plays an important role in their buying decisions (question
6). Only 56% of the citizens trust the producers’ statements about the environmental performance of
their products (question 12) and 48% have no difficulties of identifying green products (question 14).
Finally the present study shows that the percentage of 21% of the citizens that is not willing to pay
more for green products is not high (question 11). A satisfactory percentage of 35% purchased green
products in the last two months. These results are compared to those of Eurobarometer (Figure 2).
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Figure 2. Ecologic labeling importance and trust in producers declarations.
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On question 5, very important and rather important answers rate were:
·

Product quality - 99%

·

Product price - 93%

·

The impact of the product on the environment – 81%

·

Product brand - 71%

This result shows that all these 4 factors are important for the citizens and although the question
structure does not allow direct comparison between the 4 sub-questions is rather clear that product
quality and price comes first, followed by the environmental impact and brand. These results are
compared with the ones in Eurobarometer (Figure 3). As is evident the results are in general
agreement with the Eurobarometer results with the exception of the difference of EU average and
Romanian answers which however is observed in Eurobarometer analysis as well. Furthermore,
Eurobarometer reports that almost 60% interviewees rated environmental impact as more important
than a product’s brand name in terms of influencing their product purchasing decisions. Nevertheless,
only a minority rated environmental impact as more important than a product’s quality or price (7%
and 19%, respectively).
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Figure 3. Importance of criteria for choosing a product
4. CONCLUSIONS
A survey was conducted in July-October 2010 in order to examine Romanian citizens’ knowledge and
levels of concern about sustainable consumption and production and in particular, green products. A
number of 710 questionnaires were dully filled-in by randomly-selected citizens who were interviewed
predominantly by face-to-face basis, mainly in market places in Bacau metropolitan area. The margin
error in the present study is between 1.5-3.5%. As the results are under processing in the present paper
the answers for only some questions are provided and commented. The results have shown some clear
trends and identified certain issues while they show a good level of internal consistency and are close
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to the Eurobarometer report of 2009. The results show that 99% of the Romanian citizens believe that
the environment needs protection, 95% that they could contribute to environmental protection while
they are either fully informed or they know the most significant effects of the products to the
environment by 67%. Furthermore, only 36% of the citizens know some ecologic labels, about 54%
have identified green products in the Romanian market and almost 50% declared that ecologic labeling
plays an important role in their buying decisions. Only 56% of the citizens trust the producers’
statements about the environmental performance of their products and 48% have no difficulties of
identifying green products (question 14). Also, the percentage of 21% of the citizens that is not willing
to pay more for green products is not high. A satisfactory percentage of 35% purchased green products
in the last two months. Finally, is rather clear that product quality (99%) and price comes first (93%),
followed by the environmental impact (81%) and brand (71%).
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Abstract
Dense urban areas are causing considerable environmental degradation in the previously
undeveloped landscape. Since the interest in restoring the environmental integrity of urban areas
continues to increase, new developments in construction practices take place that have beneficial
environmental characteristics. Greening the building envelope focusing on green façades with
vegetation is a good example of a new construction practice. Plants and partly growing materials in
case of living wall systems (LWS) have a number of functions that are beneficial, for example:
increasing the biodiversity and ecological value, mitigation of urban heat island effect, outdoor and
indoor comfort, insulating properties, improvement of air quality and of the social and psychological
well being of city dwellers.
This paper discusses a comparative life cycle analysis (LCA) situated in The Netherlands for: a
conventional built up European brick façade, a façade greened directly, a façade greened indirectly
(supported by a steel mesh), a façade covered with a living wall system based on planter boxes and a
façade covered with a living wall system based on felt layers. Beside the environmental benefits of the
above described greening systems, it is eventually not clear if these systems are sustainable, due to the
materials used, maintenance, nutrients and water needed. A LCA is used to analyze the similarity and
differences in the environmental impacts in relation with benefits estimated for two climate types
(temperate and Mediterranean), already quantified in former researches, for building energy saving
(reduction of electrical energy used for building cooling and heating).
Key words: Façade greening, Living Wall Systems, LCA (life cycle analysis), Sustainability,
Environmental burden, Environmental benefits.
1. INTRODUCTION
1.1 Background
Vegetation can be seen as an additive (construction) material to increase the (multi)functionality of
façades of buildings. Vertical green, also commonly referred to as a “vertical garden”, is a descriptive
term that is used to refer to all forms of vegetated wall surfaces (www.greenroofs.org). Vertical green
is the result of greening vertical surfaces with plants, either rooted into the ground, in the wall material

88

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

Journal of International Scientific Publications:
Ecology & Safety, Volume 5, Part 1
ISSN 1313-2563, Published at: http://www.science-journals.eu
itself or in modular panels attached to the façade in order to cover buildings with vegetation and can
be classified into façade greening and living walls systems [1, 2].
Greening the cities is not a new approach (i.e. hanging gardens of Babylon), but the benefits are rarely
quantified. Greening façades is a good example of combining nature and buildings (linking different
functionalities) in order to address environmental issues in dense urban surroundings [3]. The main
benefits due to the use of green façades applications are of economical, social and environmental
origin such as greenhouse gas (emission) reduction, adaptation to climate change, air quality
improvements, energy saving by insulation, habitat provision and improved aesthetics [4, 5, 6]. Also
sound reduction is possible by the use of vegetation [7].
Vertical greening concepts can be divided into categories (green façades and living wall systems)
according to their growing method. Green façades are based on the use of climbers (evergreen or
deciduous) attached themselves directly to the building surface (as in traditional architecture), or
supported by steel cables or trellis. In the first case climbers planted in the ground at the base of the
building allows to obtain a cheap façade greening but there could be implications for any building
works that needed to be carried out (for example damages and maintenance of the façade), besides that
climbing plants can only grow to a maximum of 25 m height and it can take several years [1].
Supporting systems are sometimes necessary and planter boxes, such as prefabricated and
prevegetated systems (living wall systems), attached to walls can require specific growing substrate to
facilitate plant growth. Living wall systems (LWS) consists of modular panels, each of which contains
its own soil or other growing medium (soil, felt, perlite, etc) based on hydroponic culture, that is using
balanced nutrient solutions to provide all or a part of the plant’s food and water requirements [1].
1.2 Aim of the research
The goal of this life cycle analysis (LCA) is to evaluate the actual and potential environmental aspects
associated with constructing, maintaining and disposing of 1 m2 façade and to determine the impact of
the raw material depletion, fabrication, transportation, installation, operation, maintenance and waste
for four greening systems compared to a bare façade.
The presented LCA research, conducted in Delft (The Netherlands), examines a conventional bare
built up European brick façade, a conventional façade covered with a climber planted at the base of the
façade (greened directly), a conventional façade covered with a climber (planted also at the base of the
façade) using a stainless steel framework to create a cavity between foliage and façade (indirectly), a
conventional façade covered with a living wall system (LWS) based on planter boxes filled with
potting soil and a conventional façade covered with a living wall system based on felt layers.
To develop the LCA model an inventory analysis was created. In this phase information has been
collected about the materials involved for the bare wall and the different greening systems. The
materials needed were obtained from the project construction documents and information provided by
the manufactures.
A life cycle analysis for the four vertical greening systems investigated allows evaluating their
sustainability in relation with the achievable environmental benefits, as a measure of ecological quality
based on our knowledge of the influence on the environment. Sustainability can be defined as a
general property of a material or a product that indicates whether and to what extent the prevailing
requirements are met in specific application. These requirements, which relate to air, water and soil
loading, have influences on well being and health of living creatures, the use of raw materials and
energy, and also consequences for the landscape, the creation of waste and the occurrence of nuisance
to surrounding environment [8].
1.3 Ecological and environmental benefits.
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Living wall systems (LWS) and green façades have different characteristics that can have influence on
the benefits like cooling and insulating properties. Relevant aspects are the thickness of the foliage
(creating a stagnant air layer and shading the façade), water content, material properties and possible
air cavities between the different layers.
Between façade and the dense vertical green layer, both rooted in the soil and rooted in artificial prevegetated based systems (hydroponic), a stagnant air layer exist. Stagnant air has an insulating effect;
green façades can therefore serve as an "extra insulation" of the building envelope [4, 5, 9]. Also direct
sunlight on the façade is filtered by leaves, thanks also to the phototropism effect. 100% of sun light
energy that falls on a leaf, 5-30% is reflected, 5-20% is used for photosynthesis, 10-50% is
transformed into heat, 20-40% is used for evapotranspiration and 5-30% is passed through the leaf [5].
This blocking of the direct sunlight exposure ensures a cooling effect in warmer climates. Secondly,
green façades and roofs will cool the heated air through evaporation of water [10]; this process is also
known as evapotranspiration. As a consequence every decrease in the internal air temperature of 0.5
°C will reduce the electricity use for air-conditioning up to 8% [1].
In winter, the system works the other way and heat radiation of the exterior walls is insulated by
evergreen vegetation. In addition, the dense foliage will reduce the wind flow around the façade and
thus also helps to prevent the cooling down of the building.
The greening of vertical surfaces has a beneficial effect on the insulating properties of buildings
through exterior temperature regulation [5]. The role of insulation materials and stagnated air layers is
to slow down the rate of heat transfer between the inside and outside of a building, which is a function
of the difference between the inside and outside temperatures. The insulation value of vertical greened
surfaces can be increased in several ways [6]:
-

By covering the building with vegetation, the summer heat is prevented to reach the building
skin, and in the winter, the internal heat is prevented to escape.

-

Since wind decreases the energy efficiency of a building by 50%, a plant layer will act as a
buffer that keeps wind from moving along a building surface.

-

By the materials and substrates used in the case of living wall concepts.

In the beginning of the eighties Krusche et al. [5] have estimated that the thermal transmittance of a
160 mm plant cover is 2.9 Wm-2K-1. Minke et al. [4] also suggested to reduce the exterior coefficient
of heat transfer. By reducing the wind speed along a green façade the exterior surface resistance
coefficient can be equalized to the interior surface resistance coefficient as demonstrated by Perini et
al [9]. Field measurements on a plant covered wall and a bare wall by Bartfelder and Köhler [11] show
a temperature reduction at the green façade in a range of 2-6 °C compared with a bare wall. Also
Eumorfopoulou and Kontoleon [12] have reported a temperature cooling potential of plant covered
walls in a Mediterranean climate; the effect was up to 10.8 °C. Another recent study by Wong et al.
[10] on a free standing wall in Hortpark (Singapore) with vertical greening types shows a maximum
reduction of 11.6 °C. Alexandri and Jones [13] simulated a temperature decrease in a urban canyon
with greened façades a reduction of air temperature 4.5 °C for the Mediterranean climate and 2.6 °C
for the temperate climate. In research done by Eumorfopoulou and Aravantinos [14] they concluded
that a planted roof contributes to the thermal protection of a building but that it cannot replace the
thermal insulation layer.
The integration of vegetation on buildings, through green roofs and vertical greening, allows to obtain
also ecological and environmental benefits and increases biodiversity, besides social and aesthetical
benefits [15]. The ecological and environmental benefits regard, as for green roofs, the improvement
of air quality [16], energy savings for the building heating and cooling and the reduction of the heat
island effect. Greening paved surfaces with vegetation to intercept the radiation can reduce the
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warming up of hard surfaces, especially in dense urban areas. In the urban area, the impact of
evapotranspiration and shading of plants can significantly reduce the amount of heat that would be reradiated by façades and other hard surfaces. Besides that the green plant layer will also reduce the
amount of UV light that will fall on building materials. Since UV light deteriorates the material and
mechanical properties of coatings, paints, plastics, etc. plants will also have positive effect on
durability aspects and on maintenance costs.
2. METHODOLOGY
2.1 Basic approach
In this research, life cycle analysis (LCA) is used to calculate the environmental impact of the
production, use, maintenance and waste for four common systems for vertical greening of buildings.
This is to compare the environmental burden and benefits of the green system with a bare brick wall
(figure 1):
1. bare wall (brick)
2. direct façade greening system + bare wall
3. indirect façade greening + bare wall
4. living wall system (LWS) based on planter boxes filled with soil + bare wall
5. living wall system (LWS) based on felt layers + bare wall

Figure 1 Bare wall with materials layers.
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Figure 2 Direct greening system with materials layers.

Figure 3 Indirect greening system with materials layers.

Figure 4 LWS based on planter boxes with materials layers.

Figure 5 LWS based on felt layers with materials layers.
As shown in figure 1, the conventional bare wall (option 1), used as well as basis for the greening
systems analyzed, is constructed by masonry, air cavity, insulation material and lime stone. The direct
façade greening (option 2) consists in a well grown evergreen climber Hedera helix, attached directly
to the building surface and planted at the base of the greened façade. The thickness of the Hedera
foliage is +/- 20 cm. The third system analyzed in this study is an indirect façade greenery (option 3).
This system is constituted by steel frames as support for evergreen climbing plants (Hedera helix +/-
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10 cm). The fourth investigated greened façade, a living wall system (option 4), is based on plastic
modules (HDPE), filled with soil and planted with evergreen species (Pteropsida), working with a
system for water and nutrients. The fifth system (option 5) is a LWS system based on several felt
layers as substrate supported by a PVC sheet and planted as well with ferns (Pteropsida) and working
with a system for water and nutrients. A number of factors are considered in the analysis: raw material
depletion, fabrication, transportation, installation, operation, maintenance and waste for the façade(s)
area. The transportation distances used are all to and from the city of Delft (The Netherlands).
In order to work with the LCA model, a functional unit should be defined to serve as a basis for
comparison of the greening alternatives. According to the ISO 14044 standard [17], the functional unit
is defined as the reference unit through which a system performance is quantified in a LCA. The
chosen functional unit in this research is 1 m2. As basis for calculating the materials and products
involved in every system a fictitious façade of 100 m2 is used.
The results of the analysis are expressed as the accumulation of environmental impact over the service
life; therefore the frequency of maintenance activity and the times at which replacements are needed
are described. Finally, the assumptions and limitations of analysis and the data will be discussed.
2.2 Tools
The database used to develop the process models for this analysis is based on the Dutch National
Environmental database compiled by the Dutch Institute for Building Biology and Ecology (NIBE).
The complete set of environmental impact categories is known as the “environmental profile”. The
environmental profile is divided in ten categories:
-

abiotic depletion (kg Sb equivalents)

-

global warming (kgCO2 equivalents)

-

ozone layer depletion (kgCFC-11 equivalents)

-

human toxicity (kg1.4-DB equivalents)

-

fresh water aquatic ecotoxicity (kg1.4-DB equivalents)

-

marine water aquatic ecotoxicity (kg1.4-DB equivalents)

-

terrestrial ecotoxicity (kg1.4-DB equivalents)

-

photochemical oxidation (kg C2H4)

-

acidification (kg SO2 equivalents)

-

eutrophication (kg PO4 equivalents)

The category marine water aquatic ecotoxicity will not be taken into account because of considerable
problems associated with the calculation of the impact in the method. These problems are related to
the time a substance is present in the marine ecosystem and missing data for normalization [18]. The
environmental calculation is built up by three main classes: materials, transportation and waste. For
every class the environmental burden is calculated according to the ten categories described above.
2.3 Data inventory
For this life cycle analysis only the components of the building façade directly related to the systems
analyzed will be examined. The bare wall is taken as basis for each material inventory; in general a
façade is a barrier against environmental conditions to separate the building interior and exterior,
nowadays a greening system is added as an extra layer with the previous described multifunctionalities. The difference between the material quantities between the bare façade and the
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greened ones are the layers involved depending on the greening type: for the direct climber system the
layer consists of a single plant layer; the indirect climber system involves also a stainless steel support
for the plant; the layer added for the first LWS is based on planter boxes filled with potting soil; the
second LWS involves several layers for rooting, waterproofing and supporting.
The materials used for this inventory were obtained from product forms and informations provided by
companies (table 1).
2.4 Transportation
The transportation distances used are all to and from the city of Delft (The Netherlands). For the
conventional bare wall the majority of the materials are local. All the plants used for the inventory
come from a cultivation area 30 km away from Delft. The steel components analyzed for the indirect
greening system are manufactured in Rotterdam (18 km from Delft). The distance between Delft and
the company of the LWS based on planter box is 15 km and for the LWS based on felt layers the
distance is 65 km (tables 2a-b-c-d-e).
2.5 Assumptions
The analysis period to study the environmental aspects and potential impacts is based on a façade’s
service life of 50 years. The life expectancy of the conventional bare wall is assumed to be 50 years as
well as for the façades covered directly and indirectly with climbing plants [1]. The replacement
frequencies of plants for living wall systems are simplified as 10 years (10% replacement/year) for the
one based on planter boxes and 3.5 years (30% replacement/year) for the felt layers based system.
The life expectancy for the plastic (HDPE) planter boxes is estimated more than 50 years. With
reference to a study performed by Riedmiller and Schneider [20], it is clearly indicated that the service
life of PVC layers (structural support for the felt layers) is only 10 years, beside that the whole module
(inclusive felt layers) have the same life expectancy. Therefore the whole module is assumed with a
life expectancy of 10 years as well.
The automated watering system needed for the LWS concepts (planter boxes and felt layers) have to
be replaced every 7.5 years because of crystallizing of salts. The amount of water and nutrients needed
for the LWS is controlled by a computer and sensors (due to the complexity of these systems),
therefore it is not included in this analysis. Living wall concepts need, besides the watering system, a
nutrient solution which is not taken into account, due to the small (1%) influence. The water
consumption for the living wall system based on planter boxes is assumed as a quantity of 1 liter/day
(average value for whole year), for the living wall system based on felt layers 3 liter/day (average
value for whole year). Watering system are not taken into account for the direct and indirect greening
system due to the fact that the climbing plants are rooted into the ground (tables 2a-b-c-d-e).
For all the greening systems analyzed in this study the possibility of recycling and reuse is taken into
account. If it is possible, for the waste class, the option recycling or reuse is chosen for the calculation.
Exceptions are made if it is not possible to separate multiple layered components for recycling
processes. In this case, due to the service life and complexity, none of the materials will be reused.
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Table 1 Components and materials for bare wall and green system analyzed.
1.

2.

3.

4.

5.

components

bare wall

direct green

indirect green

LWS planter
boxes

LWS felt layers

inner masonry

lime stone

lime stone

lime stone

lime stone

lime stone

insulation

mineral wool

mineral wool

mineral wool

mineral wool

mineral wool

air cavity

50 mm

50 mm

50 mm

50 mm

50 mm

Outer masonry

brick (clay)

brick (clay)

brick (clay)

brick (clay)

brick (clay)

air cavity

---

---

50 mm

50 mm

50 mm

structural support

---

---

steel mesh

steel profile

steel profile

supporting system

---

---

---

HDPE boxes

PVC foam plate

inner layer

---

---

---

---

white fleece

growing material

---

terrestial soil

terrestial soil

potting soil

wool fleece

damp open foil

---

---

---

---

PE fleece

outer felt layer

---

---

---

---

black fleece

irrigation system

---

---

---

PE pipes

PE pipes

water demand

---

groundwater

groundwater

tapwater +
nutrients

tapwater +
nutrients

vegetation

---

Hedera helix

Hedera helix

Pteropsida
(ferns)

Pteropsida (ferns)

Table 2a. Bare wall material weight (kg), transportation (km) and service life (y) of components.
1.Bare wall
components

material

inner masonry

limestone

147

62

50

insulation

mineral wool

4,3

190

50

air cavity

cavity

---

---

---

outer masonry

brick (clay)

145

80

50

sand+cement+water

84

15

50

mortar

95

weight (kg /m2)distances (km)service life (years)
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Table 2b. Direct façade greening system material weight (kg), transportation (km) and service
life (y) of components.
2.Direct green
components

material

weight (kg /m2) distances (km) service life (years)

inner masonry

limestone

147

62

50

insulation

mineral wool

4,3

190

50

air cavity

cavity

---

---

---

outer masonry

brick (clay)

145

80

50

mortar

sand+cement+water

84

15

50

vegetation

Hedera helix

5,5

30

50

Table 2c. Indirect façade greening system, material weight (kg), transportation (km) and service
life (y) of components.
3.Indirect green
components

material

weight (kg /m2)

distances (km)

service life (years)

inner masonry

limestone

147

62

50

insulation

mineral wool

4,3

190

50

air cavity

cavity

---

---

---

outer masonry

brick (clay)

145

80

50

mortar

sand+cement+water

84

15

50

air cavity

cavity

---

---

---

bolts

stainless steel

0,015

18

---

spacer brackets

stainless steel

0,045

18

---

structural support member

stainless steel mesh

1,55

18

---

vegetation

Hedera helix

2,7

30

50

Table 2d. LWS based on planter boxes material weight (kg), transportation (km) and service life
(y) of components.
4.LWS planter boxes
components

material

weight (kg /m2)

distances (km)

service life (years)

inner masonry

limestone

147

62

50

insulation

mineral wool

4,3

190

50

air cavity

cavity

---

---

---

outer masonry

brick (clay)

145

80

50

mortar

sand+cement+water

84

15

50

bolts

steel S235

0,27

15

---
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spacer brackets

steel S235

0,315

15

---

air cavity

cavity

---

supporting U section

steel S235

4,62

15

---

planter boxes

HDPE

13,2

15

50

growing material

potting soil

75,6

30

50

vegetation

Pteropsida

8

30

10

watering system

PE

0,26

35

7,5

Water demand

tap water

365

0

1

---

Table 2e. LWS based on felt layers material weight (kg), transportation (km) and service life (y)
of components.
5.LWS felt layers
components

material

weight (kg /m2) distances (km) service life (years)

inner masonry

limestone

147

62

50

insulation

mineral wool

4,3

190

50

air cavity

cavity

---

---

---

outer masonry

brick (clay)

145

80

50

mortar

sand+cement+water

84

15

50

bolts

steel S235

0,13

65

---

spacer brackets

steel S235

0,19

65

---

air cavity

cavity

---

---

---

supporting U section

steel S235

4,62

65

---

foam plate

PVC

7

65

10

white fleece

Polypropylene

0,3

65

10

wool fleece

Polyamide

0,6

65

10

PE fleece

Polyethylene (LDPE)

0,045

65

10

black fleece

Polypropylene

0,27

65

10

vegetation

Pteropsida

7,5

30

3,5

watering system

PE

0,09

35

7,5

Water demand

tap water

1095

0

1

3. INTERPRETATION AND ANALYSIS OF LCA RESULTS
3.1 Environmental burden analysis
A LCA was calculated for the entire life cycle for each component of green façade alternatives. The
results show that there is a substantial difference between the greening systems and the bare wall,
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except for the direct greening system. This is mainly caused by the materials involved for the
supporting systems.
Starting from the full environmental profile, only global warming, human toxicity and fresh water
aquatic ecotoxicity are considered for showing the results due to the very small influence of the other
six categories.
From figure 6, it is possible to deduce for global warming that the living wall system based on felt
layers is more than double compared to the other greening systems. For the human toxicity the indirect
system and both living wall systems have a high impact compared to the bare wall and the direct
greening system. The same trend is noticeable for the fresh water aquatic ecotoxicity, except for the
LWS based on felt layers which is more than five times of the indirect and LWS based on planter
boxes.

3,00E+02

5

2,50E+02
2,00E+02
1,50E+02
1,00E+02

3

4
1

2

3

5

5

4

5,00E+01

1

3

2

1

0,00E+00
Global warming
(GWP100)
1.bare wall

2.direct

3.indirect

Human toxicity

2

4

Fresh water aquatic
ecotox.

4.LWS planter boxes

5.LWS felt layers

Figure 6 Environmental burden profile given for global warming, human toxicity and fresh
water aquatic ecotoxicity.
The environmental burden for stainless steel in the database is based on 30% of recycled stainless for
the production process. This percentage is a common average used in databases worldwide, but the
amount of recycled stainless steel could be higher which could lead eventually to a lower
environmental burden.
The figures 7a-b-c-d built up for each system show the influence for the classes’ material,
transportation and waste of the bare wall, supporting systems and vegetation. The highest difference
found in the analysis regards the material impact for the supporting systems. Due to this the direct
greening system has the lowest environmental burden. For this system as for the indirect one, also the
vegetation has a very small impact, since it is only related with transportation (no watering and
nutrients system and replacement of plants is needed). For the living wall system based on felt layers
the waste class has a major impact due to the impossibility of recycling the entire module involved.
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6,00E+01
4,00E+01
2,00E+01
0,00E+00
Barewall

Supporting system
material

transportation

Vegetation
waste

Figure 7a. Total environmental burden profile for classes material, transportation and waste for
direct greening system.
2,00E+02
1,80E+02
1,60E+02
1,40E+02
1,20E+02
1,00E+02
8,00E+01
6,00E+01
4,00E+01
2,00E+01
0,00E+00
Barewall

Supporting system
material

transportation

Vegetation
waste

Figure 7b. Total environmental burden profile for classes material, transportation and waste for
indirect greening system.
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Figure 7c. Total environmental burden profile for classes material, transportation and waste for
LWS based on planter boxes.
2,00E+02
1,80E+02
1,60E+02
1,40E+02
1,20E+02
1,00E+02
8,00E+01
6,00E+01
4,00E+01
2,00E+01
0,00E+00
Barewall

Supporting system
material

transportation

Vegetation
waste

Figure 7d. Total environmental burden profile for classes material, transportation and waste for
LWS based on felt layers.
3.2 Designing green façades for sustainability
This study regards the analysis of four types of greening systems (direct, indirect, LWS based on
planter boxes and LWS based on felt layers) and presents an overview of the tendency with respect to
the green façades technologies. Since the development in this field is growing rapidly especially the
last three to four years, many systems with different materials and characteristics are available. The
different systems and materials can have an influence on the environmental burden either positively
and negatively. For example for the indirect greening system, based on stainless steel mesh acting as
support for climbing plants, other materials, as different types of wood, plastic, aluminum and steel,
can be used. Each of the materials enumerated changes the aesthetical and functional properties due to
the different weight, profile thickness, durability and cost. Figure 8 shows (for the indirect greening
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system) the influence on the environmental burden profile of four different materials that can be used
as supporting system. The stainless steel support (as used for this LCA) is roughly 10 times higher
than supporting systems based on recycled plastic (HDPE), hard wood (FSC certificated) and coated
steel.
2,00E+02
1,80E+02
1,60E+02
1,40E+02
1,20E+02
1,00E+02
8,00E+01
6,00E+01
4,00E+01
2,00E+01
0,00E+00
Hard wood

HDPE
material

Coated steel
transportation

Stainless steel

waste

Figure 8 Environmental burden profile for different supporting materials for indirect greening
system.
In the case of living wall systems a sustainable approach can involve, behind the material choice, a
higher integration within the building envelope by combining functionalities. In the case of the bare
wall analyzed in this study, it is possible for example to skip the outer masonry (figure 9), since the
protection against the environmental parameter can be absolved by a living wall system. Figure 10
shows the possible reduction of the environmental burden thanks this integration.

Figure 9 Living wall systems (based on planter boxes and based on felt layers) without the
exterior masonry.
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6,00E+02

LWS planter boxes

LWS felt layers

5,00E+02
4,00E+02
3,00E+02
2,00E+02
1,00E+02
0,00E+00
Bare without outer masonry+LWS

Bare wall+LWS

Figure 10 Comparison between the environmental profiles for two different types of living wall
concepts applied to a traditional bare wall and with the omission of the external masonry layer.
4. DISCUSSION AND ANALYSIS
4.1 Environmental burden
All the systems studied reveal similar dominating impact categories, though the magnitude of this
differs considerably. This difference is mainly caused by the supporting material and the replacement
both for plants and material. Due to this the living wall system based on felt layers has the largest
impact for the global warming and fresh water aquatic ecotoxicity, since it is necessary to replace the
panels five times in a service life of 50 years. The human toxicity profile shows a higher impact for the
three green façade types with supporting system for plants (indirect, LWS based on planter boxes and
LWS based on felt layers). For the systems studied, vegetation contributes to the environmental
burden only because of the transport (which is depending on the different replacement required for
every system).
The indirect greening system has a high impact profile for the supporting system due to the use of
stainless steel. Since stainless steel is a high quality material it could be possible to use it for a life
span longer than 50 years. In this case, due to the foliage package that is weaving through the stainless
steel mesh, it is not recommended to reuse the material after the service life. Therefore in this case also
other supporting materials could be used (hard wood, HDPE, coated steel). As shown in figure 8, the
choice of one of those materials for the supporting system can reduce the environmental burden
profile.
The highest environmental burden that is found in the study regards the living wall system based on
felt layers; since it is difficult to recycle the panel, the environmental burden of waste has a similar
impact profile as the one for the realization. The environmental profile of the living wall systems
analyzed can be decreased by higher integration of the building envelope (omitting the exterior
masonry).
4.2 Benefits of vertical green related to the calculation method
The benefits that can be derived from the green layer are dependant on the growing rate of the plants
(covering of the façade). For the direct and indirect system the full covering of the façade by Hedera
helix is estimated after 20 years (according to Bellomo [19] 0.5 m/year of vertical growing). For both
living wall systems, due to the amount of plants and the several material layers involved, it is possible
to calculate the benefits after installation of prefab modules.
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For calculating the energy savings for heating, due to the increase of the insulating properties with
greening systems, the additional thermal resistance is assumed to be 0.09 Km2W-1. This assumption is
used for all of the direct and indirect greening systems analyzed due to the fact that there is a stagnant
air layer in and behind the foliage [9]. For the living wall systems the thermal transmittance of the
substrate and the materials used are added.
For the benefits related to energy savings (increase of R-value) in this study a simulation model
(Termo 8.0 Microsoftware) is used to calculate the influence on the environmental profile for two
different types of climates, namely temperate climate (The Netherlands) and Mediterranean climate
(Italy), since a green layer affects more the insulation properties for the temperate climate and the
cooling potential for the Mediterranean climate. The simulated buildings used for both locations are 75
m2 with a volume of 296 m3 (three floors) freestanding and situated in an urban context with energy
efficiency class B. The energy savings due to the cooling potential of the four greening systems is
based on the research conducted by Alexandri and Jones [13], regarding the temperature decrease in
an urban canyon with green façades and the percentage of reduction that is reached for the airconditioning (table 3). For the temperate climate the energy saving for air conditioning in not taken
into account, for the Mediterranean climate the calculation is based on the consumption of energy for
air conditioning (energy class B) in the northern part of Italy (Genoa). Energy savings from the
additional insulation provided by the green façade types and for the cooling potential is found for the
building and converted into unit savings to be applied across the LCA calculation.
Also the use of biomass produced (capturing of CO2) by pruning the Hedera helix and by the
replacement of plants (Pteropsida) from the living wall systems can be converted in energy (kWh).
The calculation of this benefit shows a very small impact on the total environmental benefits.
4.3 Environmental benefits
The calculation of the savings for the environmental impact as above described is based on the
benefits thanks to the energy saving for heating (insulation) and cooling (only for Mediterranean
climate). The energy saving thanks to the thermal properties of the systems is calculated through
subtraction of the amount of energy that can be saved due to the “extra” insulation layer. For the direct
and indirect greening systems the energy saving for heating is estimated as 1.2% of the annual
consumption. For the living wall systems based on planter boxes and felt layers the saving was
respectively 6.3% and 4%. The temperature decrease thanks to a green layer is estimated to be 4,5 °C
(43% energy saving for air conditioning) for the Mediterranean climate and 2,6 for the temperate
climate according to Alexandri and Jones [13].
The categories considered for the environmental benefits thanks to energy saving for heating and air
conditioning are, as for the environmental burden, global warming, human toxicity and fresh water
aquatic ecotoxicity. From figures 11a-b (environmental benefits profile for Mediterranean and
temperate climate) it can be derived that the benefits for heating for the living wall systems are more
than three times the direct and indirect greening system. This is mainly caused by the contribution for
the insulation properties of the materials involved. The figures show a similar benefit profile for both
direct and indirect such as for the living wall systems; since for the direct and indirect system only the
vegetation layer (Hedera Helix for both systems) has an influence on the insulating properties. The
profiles for the living wall systems have both major benefits. It is a little bit higher for the one based
on planter boxes thanks to resistance of the soil package.
Thanks to the energy saving for air conditioning the environmental benefits profile for Mediterranean
climate is almost double than the one for temperate climate. The cooling potential and the extra
insulation property due to a green layer have a similar influence on the environmental profile for the
living wall systems analyzed. For the direct and indirect greening systems the energy saving for air
conditioning has a higher benefit than the energy saving for heating.
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Table 3. Energy saving (calculated with Termo 8.0) for heating, energy saving for cooling and
temperature decrease for Mediterranean and temperate climate based on Alexandri and Jones
[13].
Greening system

Benefit

Mediterranean climate

Temperate climate

2.Direct green

energy saving for heating

1,2%

1,2%

temperature decrease

4,5°C

2,6°C

energy saving for cooling

43%

---

energy saving for heating

1,2%

1,2%

temperature decrease

4,5°C

2,6°C

energy saving for cooling

43%

---

energy saving for heating

6,3%

6,3%

temperature decrease

4,5°C

2,6°C

energy saving for cooling

43%

---

energy saving for heating

4%

4%

temperature decrease

4,5°C

2,6°C

energy saving for cooling

43%

---

3.Indirect green

4.LWS planter boxes

5.LWS felt layers

0,00E+00
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2
3
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2
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2
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3
4

-4,00E+01

3

5

-6,00E+01
-8,00E+01

2
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5
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4
2.direct
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4.LWS planter boxes
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Figure 11a. Environmental benefits profile (heating and cooling) for Mediterranean climate
given for global warming, human toxicity and fresh water aquatic ecotoxicity.
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Figure 11b. Environmental benefits profile (heating) for temperate climate given for global
warming, human toxicity and fresh water aquatic ecotoxicity.
4.4 Overview
The life cycle analysis presented shows the difference between the greening system analyzed for the
environmental burden and for the environmental benefits related to two types of climate
(Mediterranean and temperate).
Looking to the environmental burden profiles the indirect greening system and the living wall systems
analyzed show a major impact (due to the materials used and the life span) even if, as shown, the
environmental profile can be reduced by more sustainable material choice and an integrated envelope
design. The environmental burden profile for the living wall system based on felt layer appears to be
higher even with a different envelope design since the durability aspect plays an important role. For
the indirect greening system the outcome can be changed thanks to a different material for the mesh,
since the stainless steel has a high contribution on the profile. In general the direct and indirect
greening systems have a low contribution to the energy savings for heating but, for the Mediterranean
climate, a higher influence was noted for the cooling properties of the plants. The materials involved
for the living wall system based on planter boxes affect the insulation properties and cause the highest
energy saving for heating.
The presented study is depending on The Netherlands to calculate the environmental burden profile
with respect to transportation distances. The results about the environmental burden of this study could
be projected also to other locations, since the transportation distances could be similar for example in
Europe (all the materials in this analysis are commonly available). A difference is found in the benefits
calculation. For the Mediterranean climate less annual energy consumption for heating is needed, so
the energy saving thanks to the greening systems has a lower impact on the positive environmental
profile; on the other hand the cooling potential of vegetation plays an important role for the indoor
comfort (energy savings for air-conditioning).
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Figure 12 Environmental burden for the four greening systems (supporting systems +
vegetation), benefits for heating and cooling for Mediterranean climate and benefits for heating
for temperate climate.
For the temperate climate the environmental burden profile is higher than the energy savings for
heating for all the greening systems (supporting system + vegetation), except for the direct greening
system that is sustainable, considering a system sustainable when the environmental burden is lower
than the environmental benefit profile (figure 12). For the Mediterranean climate, thanks to the energy
savings related to air conditioning, the direct greening system is sustainable and also the living wall
system based on planter boxes is almost sustainable. For the living wall system based on felt layers in
both climate types the environmental burden profile is higher than the benefits gained for heating and
cooling. The environmental burden and the benefits for heating and cooling are calculated both for the
service life of the greening systems studied.
As shown in this article, the choice of a different material (hard wood, HDPE, coated steel), as
supporting system for the indirect greening system, can lead to a sustainable option for the
Mediterranean climate.
In order to carry out this analysis the study relies in part on published data from other green roof and
wall researches and practice for estimating these effects. This may introduce some bias, and indicated
that this work is subjected to revision as increasing experience with more and better data obtained
from green façade researches.
4.5 Unquantifiable categories
Other categories may be relevant in green façade applications, but were not included in this analysis
either because of a lack of reliable data or incompatibility of the benefit with the tools and categories
used in this study. Those categories are mainly related to macro-scale ecological and environmental
benefits such as:
-

Increased biodiversity.

-

Human health.

-

Improvement of air quality mainly related to reduction of fine dust levels

-

Reduction of the heat island effect with regard the lower amount of heat re-radiated by
greened façades and the humidity affected by the evapostranspiration caused by plants.
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In this study the micro-scale benefits are only taken into account such as the energy savings for air
conditioning and heating. However for quantifying the cooling potential several environmental
parameters are involved (humidity, temperature, wind, etc.) and due to a lack of reliable data the
calculation is based on an estimation for all the greening systems and it doesn’t take into account the
specific characteristics per system (living wall systems evaporate a larger amount of water than the
systems based on climbers).
Table 4 Percentage of reduction given for the environmental burden profile (bare wall +
material + vegetation; material + vegetation) with respect to global warming, human toxicity
and fresh water aquatic ecotoxicity due to the energy savings for heating and cooling for
Mediterranean and temperate climate.
Green syst.
Tot. burden burden

Benefit
heating
(Med.)

Benefit
cooling
(Med.)

Benefit
heating
(temp.)

Greening system

Environmental profile

1.Bare wall

global warming

100%

0%

0%

0%

0%

human toxicity

100%

0%

0%

0%

0%

fresh water aquatic ecotox.

100%

0%

0%

0%

0%

global warming

100%

0,7%

12,4%

79,1%

13,9%

human toxicity

100%

1,3%

16,2%

103,2%

18,2%

fresh water aquatic ecotox.

100%

1,6%

7,0%

44,9%

7,8%

global warming

100%

10,2%

11,2%

71,5%

12,6%

human toxicity

100%

93,5%

1,6%

10,6%

1,9%

fresh water aquatic ecotox.

100%

4,3%

0,8%

5,0%

0,9%

global warming

100%

36,0%

52,9%

63,7%

59,2%

human toxicity

100%

84,0%

17,4%

20,9%

19,5%

fresh water aquatic ecotox.

100%

83,9%

7,7%

9,2%

8,6%

global warming

100%

70,8%

15,1%

29,1%

16,9%

human toxicity

100%

88,9%

7,4%

14,2%

8,2%

fresh water aquatic ecotox.

100%

97,8%

0,6%

1,2%

0,7%

2.Direct green

3.Indirect green

4.LWS planter boxes

5.LWS felt layers

5. CONCLUSIONS
The results from the conducted life cycle analysis provide insight in the environmental impact of
different greening systems. The energy benefits provided by the greening options make a noteworthy
impact in the LCA and are calculated for Mediterranean and temperate climate; for the Mediterranean
climate the benefits calculated are roughly two times higher thanks to the energy savings related to the
cooling potential. The materials needed to built up the (green) façades are important (environmental
impact) when the energy demand of a building can be reduced or when the multifunctionality of the
construction due to the integration of vegetation can be increased. From the presented LCA research it
can be concluded that:
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-

The direct greening system has a very small influence on the total environmental burden, for
this reason this type of greening, without any additional material involved, is always a
sustainable choice for the examined cases.

-

The indirect greening system analyzed based on a stainless steel supporting system has an
high influence on the total environmental burden; the choice of another material for the
supporting system can lead to a sustainable option for the Mediterranean climate (thanks to the
energy saving for heating and air conditioning).

-

The LWS based on planter boxes has not a major footprint due to the materials involved, since
the materials affect positively the thermal resistance of the system. The environmental burden
profile could be further improved by a higher integration within the building envelope
(combining functionalities).

-

The LWS based on felt layers has a high environmental burden due to the durability aspect
and the materials used.

-

Greening the building envelope considering the materials involved, which, as shown, can have
a high influence on the environmental profile, taking into account all the (unquantifiable)
benefits it can be a sustainable option.

Despite the need of additional resources initially, the direct greening system, the indirect greening
system with a supporting system based on hard wood, coated steel or HDPE and the living wall system
based on planter boxes are the environmentally preferable choice when constructing and retrofitting a
building, due to the reduction in energy demand for heating and cooling (this study can be easily
applied to other construction types). However, it should be noted that this case study is limited to the
façade type, climate, and location of the study but is also depending on the assumptions that are made
inside the analysis. Further research is essential for improving the analysis to confirm or refute the
assumptions made in this study, especially for the unquantifiable categories (increased biodiversity,
human health, the improvement of air quality, mitigation of urban heat effect).
Beside this, economical benefits are involved and could be estimated in a life cost analysis thanks to
durability, aesthetical value and social factor. Furthermore, lots of systems now available on the
market have different characteristics that could influence the environmental profile.
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Abstract
A comparative analysis is done about the content of the potassium in stems, leaves and fruits of
tomatoes. The influence of the level of potassium is investigated, as well as the kind of the potassium
fertilizer upon the content of the assimilated potassium by plants. The experimental data show that the
biggest amount of potassium is accumulated in fruits of tomatoes in a level of potassium in soil K16
notwithstanding the form of potassium fertilizer K16 (K2SO4) or K16 (KNO3) introduced in soil. The
results indicate that the leaf feeding-up with 1% KNO3 solution stimulates the amassment of
potassium in fruits of tomatoes to the highest extent. In this way of fertilization the content of
potassium is highest in comparison with all the tested variants.
A subordination is investigated between the content of potassium in the fruit of tomatoes and the
content of antioxidants in them. The content of lycopene and β carotene changes insignificantly when
applying K2SO4. After fertilization with KNO3 their change is more significant.
Key words: potassium, antioxidants, fertilization, tomatoes
1. INTRODUCTION
In the process of feeding-up of plants ten of the most importanat elements are comprised, and
potassium is between them. In the scarcity of potassium in plants the vegetative and reproductive stage
in their life cycle cannot be completed [1].
Numerous solution culture and pot experiments with K+ -free substrates have shown that plants do not
grow without K+. As soon as the potassium reserves of the seed are exhausted, plants die. This
condition may also occur on strongly K+ -fixing soils. In contrast to other plant nutrients such as N, S
and P, there are hardly any organic constituents known with K+ as a building element [9].
Potassium is a functional element indispensable for supporting an optimal physical condition of the
colloids in the cell plasma and cell membrane and for the normal work of the separate enzymes. It is
assumed that potassium binds to the enzyme surface, changing the enzymic conformation and thus
leading to enzyme activation. Recent research has shown that in the enzyme dialkyl-glycine
carboxylase, K+ is centered in an octahedron with O atoms at the six corners [9].
Some researches are limited upon biological export of nutritious substances with the plant mass of
tomatoes in different fertilization [2-4]. Some studies are carried out that show the positive effect of
KNO3, applied as a leaf fertilizer upon the content of vitamin “С”, lycopene, β carotene [5,6].
Potassium fertilization has influence on the size of fruit, mineral composition and quality it self [7]. It
is determined that with the increase of the norm of potassium, content of potassium in the dry mass
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increases too. The content of vitamin “С” and lycopene, has small influence from potassium
fertilization, whereas the content of general acids increases significantly.
Patricia also confirms the most important role of potassium for the production of product of high
quality [8]. Plants absorb potassium in bigger amounts in comparison with the other nutritious
elements. The deficiency of this nutritious element leads to retardation of vegetation, decrease in
yield and increase in nonstandard fruit. Potassium limits the appearance of physiological interferences,
has influence on the formation of cavities in fruit, and their uniform colouring, and has also influence
on the content of lycopene, general sugars and acids. Fruit distinguish with longer period of
conservation.
The aims of the present research is to make a comparative analysis about the content of the
potassium in stems, leaves and fruits of tomatoes. The influence of the level of potassium should be
studied, as well as the kind of potassium fertilizer, the ratio of N:K in soil upon the content of the
assimilated potassium by plants. To trace out the connection between the content of potassium in the
fruit of tomatoes and the content of antioxidants in them.
2. MATERIAL AND METHODS
The experimental work was carried out on a too leached meadow-maroon soil in the trial field of
Vegetable Crops Research Institute – Plovdiv with the tomatoe cultivar Marti.
Variants of the experiment:
1. basic fertilization + N4
2. Fertilization with К8 (K2SO4)
3. Fertilization with К16(K2SO4)
4. Fertilization with К24(K2SO4)
5. Fertilization with К8 (KNO3)
6. Fertilization with К16(KNO3)
7. Fertilization with К24( KNO3)
8. Leaf feeding up with 1% KNO3
The experiment was carried out in eight variants at two levels of potassium fertilization, as two
sources have been tested- potassium sulfate and potassium nitrate. The plants were cultivated in
seedlings in a steal-glass hot-house.The sowing was carried out at the rate of 3 g m-2. The seedlings
were pricked off in the field of high flat bed, a scheme of 120+ 40/30 cm. The experiment was set
according the block-method in four replications with an area under review 9.6 m2.
The basic fertilization was carried out on the basis of the agrochemical analysis of the soil, as it
contained 30 kg/dka triple superphosphate and potassium fertilizer, according to the variants from 2
to 8. The feeding up with nitrogen is carried out in three times; before planting, first earthing up, and
after 20 days. NH4NO3 was used. Potassium was applied two times: before planting and sprout of first
raceme as large as peanut. K2SO4 and KNO3 were used. The leaf-feeding up with 1% solution of
KNO3 was carried out three times every seventh days.
Procedure — A wet burning of the plant sample was carried out in which a mixture of sulphuric and
nitric acids was used for the oxidation of the organic substance. A portion of 2 g of air-dry plant
material was placed into a Kjeldal flask and moistened with 4 ml distilled water. 5 mL conc. sulphuric
acid and 10 mL conc. nitric acid were added. The flask was slightly heated. If the oxidation of the
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organic substance was not completed, HNO3 was added and heated again. When all the organic
material was oxidized, the solution was heated at a higher temperature for 10 min [10]. After cooling
the solution was diluted with water and filtered. It was transferred into a volumetric flask of 50 mL
and diluted to the mark with distilled water. Aliquot parts of this solution were taken for analysis.
3. RESULTS AND DISCUSSION
The influence is tested in the level of potassium in soil upon its accumulation in stems, leaves and
fruits of tomatoes sort Marti. Two sources of potassium fertilization has been tested - with potassium
sulfate and potassium nitrate at different levels of fertilization (Table 1).
Table 1 Potassium content in tomatoes (g/kg dry matter)
______________________________________________
N

Variants

Tomatoes

К g/kg

______________________________________________
1

basic fertilization

stems

75.1

2

basic fertilization

leaves

87.3

3

basic fertilization

fruits

78.1

______________________________________________
4

K8 (K2SO4)

stems

66.2

5

K8 (K2SO4)

leaves

73.8

6

K8 (K2SO4)

fruits

58.9

_______________________________________________
7

K16 (K2SO4)

stems

48.0

8

K16 (K2SO4)

leaves

79.7

9

K16 (K2SO4)

fruits

78.6

_____________________________________________
10 K24 (K2SO4)

stems

61.5

11 K24 (K2SO4)

leaves

66.3

12 K24 (K2SO4)

fruits

45.1

_____________________________________________
13 K8 (KNO3)

stems

90.8

14 K8 (KNO3)

leaves

47.2

15 K8 (KNO3)

fruits

55.4

______________________________________________
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16 K16 (KNO3)

stems

89.6

17 K16 (KNO3)

leaves

69.2

18 K16 (KNO3)

fruits

95.0
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______________________________________________
19 K24 (KNO3)

stems

50.0

20 K24 (KNO3)

leaves

46.8

21 K24 (KNO3)

fruits

71.2

______________________________________________
22 1% KNO3

stems

18.3

23 1% KNO3

leaves

34.5

24 1% KNO3

fruits

135.8

________________________________________
Indices:
K8= 16 kg/dka К2SO4 ; respectively KNO3
K16= 32 kg/dka К2SO4 ; respectively KNO3
K24= 48 kg/dka К2SO4 ; respectively KNO3

In the control (a basic fertilization PK + N4 ) the content of potassium is highest in leaves of tomatoes
87.3 g/kg dry matter. The experimental data show that the content of this element in fruits of the
control is higher than that in stems (variants 3 and 1 ), but does not exceed the one in leaves (Fig. 1a ).
The effect of the leaf feeding-up takes place much promptly in comparison to the soil fertilization. It
is also very important to mention that the physiological deseases of plants caused by deficiency or
scarcity of a given element can be avoided. In this connection a leaf feeding-up with 1% solution of
KNO3 was carried out. In the leaf feeding-up with 1% KNO3 solution the highest content of
potassium is read in fruits 135.8 g/kg, after that in leaves 34.5 g/kg and the least in stems 18.3 g/kg
рotassium (Fig. 1b).
K g/kg

K g/kg

88
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80
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76
74
72
70
68

140
120
100
80
60
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20
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1
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a) – Basic fertilization

3

1

2

b) – 1% KNO3

Fig. 1 Content of рotassium in tomatoes: 1- stems, 2- leaves, 3- fruits
a) Basic fertilization, b) Leaf feeding-up with 1% solution of KNO3
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Fig. 2 Content of рotassium in tomatoes in different levels of fertilization
with K2SO4: 1- K8(K2SO4), 2- K24(K2SO4)
In fertilization with potassium sulphate three levels are tested: K8 (K2SO4), K16(K2SO4) and K24
(K2SO4). In fertilization of the soil with K8 (K2SO4) and K24 (K2SO4) the content of potassium is
highest in the leaves of tomatoes 73.8 g/kg respectively 66.3 g/kg (variants 5 and 11 ). In the same
norms of fertilization the content of potassium in stems decreases (variants 4 and 10) as in the fruits
of tomatoes (variants 6 and 12) its content is least 58.9 g/kg respectively 45.1 g/kg рotassium (Fig.
2).
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Fig. 3 Content of рotassium in tomatoes in fertilization with K16(K2SO4)
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Fig. 4 Content of рotassium in tomatoes in different levels of fertilization
with KNO3:

1- K16(KNO3), 2- K24(KNO3)

In fertilization with the same fertilizer K2SO4, but in a different norm K16 (K2SO4) the content of
potassium (variants 7, 8, 9) does not change in the same sequence as in the above-mentioned variants
4, 5, 6 and 10,11,12. In this way of fertilization with K16 (K2SO4) the stems of tomatoes accumulate
the highest amount of potassium 79.7 g/kg dry matter (Fig. 3).
In the investigation of the second source of fertilization of soil with potassium nitrate three levels of
fertilization have been tested as well: K8 (KNO3), K16 (KNO3) and K24 (KNO3). It makes an
impression that the content of potassium changes in the same way in stems, leaves and fruits of
tomatoes from variant 16 to 21 including. In variants from 16 to 18 it has been fertilized with K16
(KNO3), and in variants from 19 to 21 it has been fertilized with K24 (KNO3) (Fig. 4). In these six
variants the content of potassium is highest in fruits 95.0 g/kg respectively 71.2 g/kg (variants 18 and
21).The content of potassium decreases in stems 89.6 g/kg respectively 50.0 g/kg (variants 16 and 19)
as the leaves of tomatoes are with the least content of potassium 69.2 g/kg respectively 46.8 g/kg
(variants 17 and 20).
In fertilization with K8 (KNO3) the amassment of potassium in stems, leaves and fruits of tomatoes
differs from the two levels of fertilization with K16 (KNO3) and K24 (KNO3). In fertilization with K8
(KNO3) the content of potassium is highest in stems 90.8 g/kg, and lowest in leaves 47.2 g/kg
рotassium dry matter (Fig. 5).
The experimental data show that the biggest amount of potassium is accumulated in fruits of tomatoes
in a level of potassium in soil K16 (variants 9 and 18) notwithstanding the form of potassium
fertilizer K16 (K2SO4) or K16 (KNO3) introduced in soil.
The results indicate that the leaf feeding-up with 1% KNO3 solution stimulates the amassment of
potassium in fruits of tomatoes to the highest extent. In this way of fertilization the content of
potassium is highest 135.8 g/kg dry matter in comparison with all the tested variants from 1 to 23
(Table 1).
It’s evident from Fig.6 the content of рotassium in stems is the same in fertilization with K16 (2) and
does not depend on the sort of the potassium fertilizer. In fertilization with potassium nitrate K8 (1) and
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K16 (2) (Fig. 6b) an equal amount of potassium can be accumulated in stems 39% which amount in
question does not depend on the level of the potassium introduced in soil.
A resemblant ratio can be discerned in fertilization with potassium sulfate (Fig. 6а) as the ratio of
potassium in stems is almost equal at about 31% in fertilization with K8 (1) and K24 (3).
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Fig. 5 Content of рotassium in tomatoes in fertilization with K8 (KNO3)

STEMS

STEMS
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30%

1
32%

3
22%

2
38%

a) K2SO4

1
39%

2
39%

b) KNO3

Fig. 6 Сontent of рotassium in stems of tomatoes in different levels of
fertilization: 1- K8 , 2- K16 , 3- K24
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As can be seen from Fig.7 an equal amount of potassium 29% is accumulated in the leaves of
tomatoes notwithstanding the level of fertilization K8 (1) and K24 (3) in fertilization with KNO3 (Fig.
7b). In the same levels of fertilization but with K2SO4 (Fig. 7a) the content of potassium increases
significantly 35 % - 39 % that indicates the source of potassium influences its accumulation in leaves
of tomatoes.
LEAVES

LEAVES

3
35%

1
39%

3
29%

1
29%

2
26%

2
42%

a) K2SO4

b) KNO3

Fig.7 Ratio between the content of рotassium in leaves of tomatoes in different
levels of fertilization: 1- K8 , 2- K16 , 3- K24
In spite of the form of potassium fertilizer (K2SO4 and KNO3) in a level of fertilization K16 (2) in
fruits of tomatoes, the amount of potassium is highest 43 % (Fig. 8a and 8b).
Potassium has a decisive role for obtaining production of high quality. It influences the formation of
cavities in fruit, their uniform tint, as well as on the content of lycopene. Certain differences have been
established in the content of dies in the fruit of tomatoes. The deficit of the nutritious element
potassium leads to retardation of the growth and decrease of yield. The dependence of yield on the
content of potassium in the fruit of tomatoes was represented on Fig. 9. There were no significant
changes in yield with the increase of the concentration of potassium in the fruit of tomatoes.
FRUITS

3
25%

FRUITS

1
32%

3
32%

2
43%

1
25%
2
43%

a) K2SO4
b) KNO3
Fig. 8 Ratio between the content of рotassium in fruit of tomatoes:
1- K8 , 2- K16 , 3- K24
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Fig. 9 Interrelation between the yield kg dka-1 and the content of
potassium in tomato fruit; Correlation coefficient: r = - 0.04
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Fig. 10 A subordination between potassium content in fruit of tomatoes and antioxidants
Vitamin “C” (1) , Lycopene (2) , b Carotene (3) in fertilization with KNO3
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Fig. 11 A subordination between potassium content in fruit of tomatoes and antioxidants
Vitamin “C” (1) , Lycopene (2) , b Carotene (3) in fertilization with K2SO4
In connection with the positive effect of potassium upon vegetation and growth of plants, we
studied the interrelation between the potassium and the amount of antioxidants accumulated in the
fruit of tomatoes: vitamin “С” , lycopene and β carotene (Fig. 10 and 11). The experimental data
showed that both the fertilization rate and the type of the potassium fertilizer influenced the content
of potassium and antioxidants.
The study showed that the high concentrations of potassium exercised a negative influence upon the
content of vitamin “C” and lycopene in the fruit of tomatoes. The experimental data showed that with
the increase of the concentration of potassium, the content of vitamin “C” and lycopene decreased
(Fig. 10) in fertilization with KNO3.
After fertilization with K2SO4 there has been investigated the subordination between the accumulated
potassium in the fruit of tomatoes and the content of vitamin “C”, lycopene and b carotene in them
(Fig. 11). There were no significant changes in the content of vitamin “C”, lycopene and b carotene
with the increase of the concentration of potassium in the fruit of tomatoes.
CONCLUSIONS
The experimental data showed that both the fertilization rate and the type of the potassium fertilizer
influenced the content of potassium and antioxidants.
The experimental data show that the biggest amount of potassium is accumulated in fruits of tomatoes
in a level of potassium in soil K16 notwithstanding the form of potassium fertilizer K16 (K2SO4) or
K16 (KNO3) introduced in soil.
The content of lycopene and β carotene changes insignificantly when applying K2SO4. After
fertilization with KNO3 their change is more significant.
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The results indicate that the leaf feeding-up with 1% KNO3 solution stimulates the amassment of
potassium in fruit of tomatoes to the highest extent. In this way of fertilization the content of
potassium is highest 135.8 g/kg dry matter in comparison with all the tested variants.
There were no significant changes in yield with the increase of the concentration of potassium in the
fruit of tomatoes.
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Abstract
An opportunity is shown for using Blue Tetrazolium Chloride (BTC) as a reagent for determination of
microquantities of manganese in plant samples. Manganese(VII) forms an ion-association complex
with Blue Tetrazolium Chloride. The molar absorptivity of the ion-association complex is 4.97x104 L
mol-1 cm-1 at 255 nm. The system obeys Beer’s law in the range 0.1 mg ml-1 – 1.6 mg ml-1 Mn(VII). The
determination was carried out without preliminary separation of manganese. A rapid and selective
method for determination of manganese in plants was developed. The influence of the leaf fertilizers
and the mineral fertilization upon the assimilation of manganese in fruit of eggplant is investigated.
Key words: manganese, blue tetrazolium chloride, plants, fertilization

1. INTRODUCTION
The determination of manganese essentiality in plant growth by McHargue focused the attention of
plant nutritionists on this nutrient, and led the way for further ground-breaking studies. Тhe symptoms
of toxicity and deficiency of manganese have also received much attention owing to their variation
among species and their similarity to other nutrient anomalies. Studies by McHargue, where the role
of manganese in the promotion of rapid photosynthesis was determined, are regarded as having
established that manganese is essential for higher plant growth [1]. Manganese is an element which is
important for the nitrogen metabolism in plants. Manganese insufficiency leads to a considerable
accumulation of nitrates, disturbance in the protein synthesis in plants and illness to some plants [24].
Manganese also activates a considerable number of enzymes [10].
From the studied review of the scientific researches it is discernible that the influence of the leaf feedingup in the vegetable crop eggplant is slightly studied [5,6]. It is settled that the leaf feeding-up in plants
increases the content of sugar in fruit and the yield two times. The experiments of Shatalova [7] show that
the leaf feeding-up with microfertilizers during flowering is good for the accumulation of more proteins
and vitamin C. There is no information about the role of the leaf feeding-up upon the production and
content of nutritious elements. As we took into consideration the above-mentioned text, we directed our
researches at the influence of some leaf fertilizers in the assimilation of the microelement manganese. It is
undeniable that researches of this kind can be useful for more detail information about the influence of
leaf fertilization upon the content of nutritious elements in the vegetable crop of eggplant.
The objectivity of this study is to clarify the opportunity for using Blue Tetrazolium Chloride [8] as a
reagent for determination of microquantities of manganese in plant samples. To explore the influence
of the leaf fertilizers and the mineral fertilization upon the assimilation of manganese in fruit of
eggplant.
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2. MATERIAL AND METHODS
The experiment was carried out in ten variants: non frtilized, soil fertilization, leaf fertilization and
mixed fertilization (soil with leaf).
Variants of the experiment:
1. Control - non fertilized
2. Soil fertilization N24P12K12
3. Leaf fertilization Fitona
4. Leaf fertilization Hortigrow
5. Leaf fertilization Agroleaf
6. Leaf fertilization Kristalon
7. N24P12K12 + Fitona
8. N24P12K12 + Hortigrow
9. N24P12K12 + Agroleaf
10. N24P12K12 + Kristalon
An analysis for manganese content by variants wеre carried out using a new extractionspectrophotometric method with BTC [8].
Apparatus — Spectrophotometer UV- VIS with 1-cm light path quartz cells.
Procedure — A wet burning of the plant sample was carried out in which a mixture of sulphuric
and nitric acids was used for the oxidation of the organic substance. A portion of 2 g of air-dry plant
material was placed into a Kjeldal flask and moistened with 4 ml distilled water. 5 ml conc. sulphuric
acid and 10 ml conc. nitric acid were added. The flask was slightly heated. If the oxidation of the
organic substance was not completed, HNO3 was added and heated again. When all the organic
material was oxidized, the solution was heated at a higher temperature for 10 min [9]. After cooling
the solution was diluted with water and filtered. Portions of 3 ml conc. H2SO4 , 2 ml conc. H3PO4
and 0,1 g potassium periodate were added for oxidation Mn(II) to Mn(VII). It was heated to boiling
point and the temperature was maintained for 10 min. After cooling the solution was diluted with
water and filtered. It was transferred into a volumetric flask of 50 ml and diluted to the mark with
distilled water. Aliquot parts of this solution were taken for analysis.
In separatoly funnel of 100 ml are introduced the solutions: 5 ml of buffer pH 6, 2 ml of 1x10-4
mol L-1 Blue Tetrazolium Chloride and aliquot part of the plant sample solution. It is diluted up to a
volume of the aqueous phase of 12 ml with distilled water and extracted with 3 ml 1,2
dichloroethane for 10 s. The organic layer is then transferred through paper filter into a 1 cm cuvette
and photometered on spectrophotometer at 255 nm against the pure solvent. A blank is run
parallel in the absence of plant sample. A standard curve was used for determination of
manganese.
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3. RESULTS AND DISCUSSION
Leaf fertilization is important as it helps correct mineral feeding-up in plants, it supplies economical
water regime in plants, and it also increases the activity of the rhizome system. That’s why in the
present research we studied the influence of the leaf fertilizers Kristalon, Fitona, Hortigrow and
Agroleaf upon the content of the microelement manganese. The experiment is carried out with the
vegetable crop eggplant - fruit.
Manganese in the plant samples is determined via the developed new method with Blue tetrazolium
chloride [8]. The experimental data are shown on Table 1.
Manganese(VII) forms an ion-association complex with Blue tetrazolium chloride (BTC). The molar
absorptivity of the ion-association complex is 4.97x104 L mol-1 cm-1 at 255 nm. The system obeys
Beer’s law in the range 0.1 mg ml-1 – 1.6 mg ml-1 Mn(VII). The determination was carried out without
preliminary separation of manganese. A rapid and selective extractive-spectrophotometric method for
determination of manganese in plants was developed.
Table 1 Content of manganese in fruit of eggplant (mg kg-1 dry mass)
№
Variants

Mn mg kg-1

RSD*

Mn mg kg-1

BTC method

%

TC [11]
method

1

Control - nonfertilized

21.53

1.6

21.80

2

N24P12K12 - background

37.93

1.4

38.25

3

Fitona

21.54

1.8

21.25

4

Hortigrow

20.00

1.9

20.50

5

Agroleaf

13.05

2.2

13.45

6

Kristalon

24.05

1.4

24.40

7

N24P12K12 + Fitona

23.86

1.7

23.60

8

N24P12K12 + Hortigrow

23.43

1.3

23.22

9

N24P12K12 + Agroleaf

16.56

1.8

16.94

10

N24P12K12 + Kristalon

23.91

1.5

24.26

*Relative Standard Deviation (n = 3)
Composition of the leaf fertilizers:
Kristalon (N18P18K18Mg3)
Fitona (N6.6P4.0K5.1Fe0.01B0.15)
Hortigrow (N20P20 K20)
Agroleaf (N20P20K20)
A certain research has been carried out for the content of manganese in fruit of eggplant under the
influence of leaf fertilization, soil fertilization and mixed fertilization (soil N24P12K12 + leaf
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fertilization). The effect of the leaf feeding-up takes place much promptly in comparison to the soil
fertilization. It is also very important to mention that the physiological deseases of plants caused by
deficiency or scarcity of a given element can be avoided.
The carried out experiments with the leaf fertilizers (Fig.1) show that plants accumulate different
amount of manganese in leaf feeding-up with Kristalon, Fitona, Hortigrow Agroleaf. The leaf
feeding-up is due to the ability of leaves and stems to absorb the nutritious elements taken in them in
the form of certain silutions. The content of manganese 24.05 mg kg-1 dry mass is highest in leaf
feeding-up with Kristalon. Probably this is due to the fact that the leaf fertilizer Kristalon comprises in
its composition 0.04 % Mn. It makes an impression that with the increase of the content of nitrogen,
phosphorus and potassium in the leaf fertilizer, the content of the nutritious element manganese
decreases. For example in the leaf fertilizer Fitona with the following composition (N6.6P4.0K5.1) the
content of manganese in the fruit of eggplant is 21.54 mg kg-1, in Hortigrow (N20P20 K20) manganese
is 20.0 mg kg-1, and in Agroleaf (N20P20K20) respectively 13.05 mg kg-1 Mn.
The experimental data (Fig.1) show that soil fertilization (N24P12K12 - background) helps the better
assimilation of manganese by plants in comparison with the leaf fertilization.
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Fig.1 Content of Mn in fruit of eggplant in different leaf fertilization:

· - Background;
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Fig. 2 Content of Mn in fruit of eggplant in different fertilization:

· - Background;

1- N24P12K12 +Kristalon; 2- N24P12K12 + Fitona;

3- N24P12K12 + Hortigrow; 4- N24P12K12 + Agroleaf;
In order to study the influence of different kinds of fertilization, the content of microelement
manganese in fruit of eggplant was determined in mixed fertilization (soil N24P12K12 + leaf
fertilization). The experimental data are shown on Fig.2. From the figure itself it can be seen that the
content of manganese in fruit of eggplant is almost equal in mixed fertilization with Kristalon, Fitona
and Hortigrow. The only exception is mixed fertilization with Agroleaf in which the content of
manganese is lowest 16.56 mg kg-1.
When we compare the experimental data from Fig. 1 and Fig.2 it can be seen that in mixed
fertilization (soil N24P12K12 + leaf fertilization) the content of manganese in fruit is higher than that in
leaf fertilization. This all indicates that soil fertilization with nitrogen, phosphorus and potassium
(N24P12K12) influences the accumulation of manganese in fruit of eggplant. Plants receive the bigger
portion of the nutritious substances from soil via their rhizome system, that’s why the necessity of
microelements is not big and can be absolutely satisfied by means of leaf fertilization with fertilizers
that comprise microelements.
In order to study the influence of different kinds of fertilization, the content of microelement
manganese in fruit of eggplant was determined in mixed fertilization (soil N24P12K12 + leaf
fertilization). The experimental data are shown on Fig.2. From the figure itself it can be seen that the
content of manganese in fruit of eggplant is almost equal in mixed fertilization with Kristalon, Fitona
and Hortigrow. The only exception is mixed fertilization with Agroleaf in which the content of
manganese is lowest 16.56 mg kg-1.
When we compare the experimental data from Fig. 1 and Fig.2 it can be seen that in mixed
fertilization (soil N24P12K12 + leaf fertilization) the content of manganese in fruit is higher than that in
leaf fertilization. This all indicates that soil fertilization with nitrogen, phosphorus and potassium
(N24P12K12) influences the accumulation of manganese in fruit of eggplant. Plants receive the bigger
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portion of the nutritious substances from soil via their rhizome system, that’s why the necessity of
microelements is not big and can be absolutely satisfied by means of leaf fertilization with fertilizers
that comprise microelements.
To check the method that we propose, a parallel determination of manganese content was carried out
by the method with Triphenyltetrazolium chloride [11]. The results obtained (Table 1) show a
satisfactory accuracy of the method for determination of manganese in plant material with Blue
tetrazolium chloride (BTC). The experimental data by both methods show that the proposed
extraction-photometric method with BTC can be successfully used for determination of
microquantities of manganese in plant material.
CONCLUSION
A new extraction - spectrophotometric method for determination of manganese with Blue tetrazolium
chloride in plant material was used. The method is simple, sensitive and rapid.
A certain research has been carried out for the content of manganese in fruit of eggplant under the
influence of leaf fertilization, soil fertilization and mixed fertilization. The content of manganese is
highest in leaf feeding-up with Kristalon. Probably this is due to the fact that the leaf fertilizer
Kristalon comprises in its composition 0.04 % Mn. It makes an impression that with the increase of
the content of nitrogen, phosphorus and potassium in the leaf fertilizer, the content of the nutritious
element manganese decreases.
In mixed fertilization (soil N24P12K12 + leaf fertilization) the content of manganese in fruit is higher
than that in leaf fertilization. This all indicates that soil fertilization with nitrogen, phosphorus and
potassium (N24P12K12) influences the accumulation of manganese in fruit of eggplant.
REFERENCES
1. Barker A., Pilbeam D., Plant Nutrition, CRC Press, Taylor & Francis Group, New York , 2006.
2. Nicholas D., Minor mineral nutrients, Ann. Rev. Plant Phisiol., 1961, 12.
3. Bergmann W., Neubert P., Pflanzendiagnose und Pflanzenanalyse, Jena, 1976.
4. Heintze S., Manganese deficiency in peas and other crops in relation to the availability of soil
manganese, J. Agr. Sci., 1966, 36.
5. Jung W.H. S.H., Wittwerturia, sci Res., 1965, 3, 26.
6. Pavlova A., Bachvarov P., A leaf feeding-up of plants with the suspended fertilizers, Journal
Application of the suspended fertilizers in agriculture, Sofia, 1992, 1-28.
7. Shatalova O., Scientific works of the Science - Research Institute of biology and biological faculty
of the Harkovski Institute, 1956, 25.
8. Kostova D., Mehandjiev D., Blue tetrazolium chloride as analytical reagent for spectrophotometric
determination of manganese(VII) and its application, (no published).9. Sandell E., Colorimetric
determination of Traces of Metals, 3rd Ed., Interscience, New York, 1959.

126

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

Journal of International Scientific Publications:
Ecology & Safety, Volume 5, Part 1
ISSN 1313-2563, Published at: http://www.science-journals.eu
MODEL SIMULATION OF AIR POLLUTION DUE TO
APRIL 2010 ICELAND VOLCANO ERUPTION
1

Dimiter Syrakov , Maria Prodanova1, Stefano Galmarini2, Efisio Solazzo2, Roberto Bianconi3,
Roberto Bellasio3, Andrew Jones4, Robert Buckley5, Slavomir Potemski6, Maud Maret7
1

National Institute of Meteorology and Hydrology, Bulgarian Academy of Sciences,
66 Tzarigradsko Chausee, Sofia 1784, Bulgaria

2

European Commission – DG Joint Research Centre, Institute for Environment and Sustainability,
21027 Ispra VA, Italy
3

Enviroware srl C. Dir Colleoni, Pzo Andromeda, 1 20041 Agrate Brianza, Italy
4

Met Office, FitzRoy Road, Exeter EX1 3PB, United Kingdom

5

Savannah River National Laboratory, Savannah River Site, Aiken, SC 29808, USA
6

Institute of Atomic Energy, 05-400 Otwock-Swierk, Poland

7

Meteo France, Dir. Prod., Serv./Environ., 42 av. Coriolis, 31057 Toulouse, France

Abstract
The eruption of Iceland volcano Eyjafjallajokull in April 2010 caused enormously big troubles for air
transport over Europe for a long period of time. The losses and inconveniences for air companies,
common business and usual passengers are difficult to estimate but in any case are rather
considerable. The insights from this extraordinary event are that serious efforts must be put not only
in studying the volcanic processes but in creating tools for reliable forecast of volcano products
(mainly ash distribution) in case of eruption. There are few centers devoted to observation and
forecast of such events. Some meteorological services lately created respective systems. The
ENSEMBLE consortium headed by the European Joint Research Centre (JRC) in Ispra, Italy, which is
aimed at elaborating ensemble forecast on the base of individual forecasts of almost all European
Early Warning Systems (EWS) in case of a nuclear accident, decided to launch a series of exercises
devoted to simulation of the first week of air pollution dilution caused by the Iceland volcano eruption.
The Bulgarian Emergency Response System in case of nuclear accident (BERS) was upgraded as to be
able to take part in these exercises and its results and comparisons with other model results are the
object of this work.
Key words: Emergency Response System, Air pollution modeling, Eulerian dispersion models, April
2010 Eyjafjallajokull eruption
1. INTRODUCTION
The air quality (AQ) at the earth surface is a key element for the well-being and quality of life of
European citizens. According to the World Health Organization (WHO), air pollution severely affects
the health of European citizens: between 2.5 and 11% of the total number of annual deaths are due to
high levels of air pollution (WHO, 2000, 2004). There is considerable concern about impaired and
detrimental air quality conditions over many areas in Europe, especially in urbanized areas, in spite of
about 30 years of legislation and emission reduction. Current legislation (the respective EC directives)
requires informing the public on AQ indicating exceedances of limit and target values, forecasting
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potential exceedances and assessing possible emergency measures to abate exceedances using
modeling tools. The Chemical Weather Information and Forecast Systems are set in almost all
European countries integrating data from on-site and remote measurements and modeling results.
Since the beginning of 2010, a prototype of such a system for Bulgaria has been running operationally
in the National Institute of Meteorology and Hydrology (NIMH) (see Etropolska et al., 2010).
Apart from the usual industrial, traffic and domestic pollution, the industrial accidents causing a
release of harmful (chemical or radioactive) material to the atmosphere can have consequences
extending to hundreds and even thousands of kilometers. In such a case the decision-makers need
information about the possible long-range transport of pollution over the country. For that purpose
respective computer-based Emergency Response Systems have been established in many countries,
simulating and predicting the distribution of the released pollution. Such a system has been developed
and works operationally in the NIMH of Bulgaria (Syrakov et al. 2003, 2009).
Severe atmospheric events like powerful volcano eruptions do not cause such problems for air quality
at ground surface except for the neighboring territories. However, sometimes they can cause serious
economic problems. The disruption in ground transport caused by snow, floods, etc. paled in
significance compared with the havoc caused by the ash cloud spewed out by the Eyjafjallajokull
volcano in Iceland. The event started 14 April 2010. It lasted with different intensity for over one
month and before stopping on 23 May. The eruption has been characterized by two main phases of
intense ash emissions spanning April 14-21 and May 1-10.
Volcanic eruptions are often referred to as violent explosions which spew huge rocks and hot lava.
Although these can be extremely damaging, a stealthier threat lies in the air. This is because volcanic
eruptions can create very large clouds of ash that can be dangerous if not monitored carefully. These
ash clouds contain microscopic particles of rock and glass which, though tiny, can wreak havoc –
especially to an aircraft jet engine during flight. When the ash passes through the extremely hot jet
engines, it melts into glass which coats any exposed areas. This has the potential to cause the engines
to malfunction, including total engine failure. A detailed description of these effects can be found in
the report of the Institute for Risk and Disaster Reduction at University College London (UCL, 2010).
The latest investigations on the matter are presented in Sigfusion et al., 2010.
Due to the damaging effect of ash particles to plane engines, during the Eyjafjallajokull eruption a
large number of airports all over Europe had to be closed sporadically for different periods of time.
Even at open airport conditions, many flights had been cancelled or delayed according to the volcanic
ash distribution. The cancelled flights were estimated to exceed 100,000. Millions of passengers were
stranded not only because of the dust clouds, but the ultra-strict safety rules which banned flying if
there was even a slightest trace of volcanic ash. The European Union's executive body estimates the
losses from the first two weeks of the disaster range from 1.5 to 2.5 million euros.
2. SCIENTIFIC ACTIVITIES DURING AND AFTER THE EVENT
It is obvious that such extremely harmful events, despite being rare, are not ignored with regard to
monitoring and forecast practices by meteorological services and other devoted institutions. All
around the world, 9 Volcanic Ash Advisory Centers (VAAC) are active and responsible for advising
international aviation about the location and movement of clouds of volcanic ash. Each volcanic
eruption is monitored by the VAAC that lies within its geographic area of responsibility. The
Eyjafjallajokull
volcano
was
handled
by
the
VAAC
in
London,
England
(http://www.metoffice.gov.uk/aviation/vaac/). An example of a London VAAC advisory chart is given
in Fig. 1. Such charts have been issued several times per day during the entire event. A good
description of the London VAAC activity connected with the Eyjafjallajokull eruption is presented in
Thomson (2010).
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The neighboring VAACs, mainly Montreal and Toulouse, also issued their advisory charts. Some of
the other met-services succeeded in using operational volcanic ash dispersion systems in connection
with the south Iceland volcano eruption. Their forecasts with different time horizons were made
available for common use on the Internet (http://silam.fmi.fi/AQ_forecasts/v4/forecasts_2010).

Fig. 1. View of London VAAC advice in the early stage of Eyjafjallajokull eruption
It must be emphasized that the modeling of volcanic ash distribution suffers from serious
uncertainties, mainly due to the uncertainty of the source term. The main results of eruption
monitoring are made by the Icelandic Coast Guard and the Iceland Met Office which is responsible for
monitoring of seismic and volcano activity on the island (http://en.vedur.is/earthquakes-andvolcanism/articles/nr/1884). One of the most important parameters is the evolution of the height of ash
release. Poor information is available about the concentration of particles and gases in the release
column, i.e. the release rate and its vertical profile. Provided the release parameters change in time, the
modeling task become extremely complicated. Another difficulty is the requirement of this
information in real time.
Different centers avoid this trouble in different ways. The London and some other VAACs use the
dependence of emission rates on plume rise following the achievements of Mastin et al. (2009a, b,
2010). This dependence is worked out on the basis of data from multiple volcano eruptions all over the
world. This approach was used also for the simulations presented by the USA at the ICAO meeting in
September 2010 (IVATF, 2010). The SILAM group at the Finish Meteorological Institute (FMI)
created its own release profile on the basis of multiple runs and comparing the modeling results with
satellite measurements of the optical depth. This profile can be found in FMI (2010a), with
justification given in FMI (2010b).
In the same period, measurement activities took place by means of dedicated flights, remote sensing
by satellites, lidars, ceilometers, etc. Unfortunately, this information is quite insufficient and suffers
from different shortcomings – it is quite rare in time and space, very often the data obtained by
different approaches is inconsistent, and often columnar. An example of this inconsistency is the
estimate of total mass released during the event. According to Schumann et al. (2010), the volcano
ejected about 40 Mt of ash mass and 10 Mt of SO2 during the whole eruption period. Another estimate
performed
in
the
French
HotVolc
Observation
System
(http://wwwobs.univbpclermont.fr/SO/televolc/hotvolc/) by Labazuy et al., (2010), gives masses of about 2.5 Mt and 0.35
Mt, respectively (calculated from Fig. 4 of the cited paper).
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An intensive activity in this area took place in Germany. Several publications in the discussion phase
can be found in the ACP Special Issue (http://www.atmos-chem-phys-discuss.net/
special_issue122.html). To date, generally very few scientific publications have been released. Most of
the work referenced in this paper are from presentations at different forums (Thomson, 2010, Mastin
et al. 2009b, 2010, IVATF, 2010, Labazuy et al., 2010, etc.), web archives of different organizations,
or pre-publication sites of different scientific journals that can be accessed by the Internet.
In spite of the shortcomings of the available data, perhaps the most important fact is that it is fractured,
i.e. the data are the property of different organizations and scientific groups. Thus, a common data
base does not exist. The creation of such an archive will be of great benefit for the modeling
community.
Very detailed analysis of many aspects of the international reaction on Icelandic volcano eruption is
given in UCL (2010). Together with the problems related to the modeling, the authors lay particular
stress on the fact that up to now there is neither a specific threshold for volcanic ash concentration
determining the boundaries for the dangerous flight areas nor do rules for pilot reactions exist.
Determining a range of robust best-estimate safe levels of ash for a wide range of situations, aircrafts,
engine types and pilot responses is an important task for the future that must involve not only the
responsible organization and scientific community but will require the commitment of the aviation
industry
The modeling activity performed in real or near-real time during the event suffers from different
uncertainties. In the Thomson (2010) presentation, special attention is given to modeling. It started
with source term estimates following Mastin at al. (2009a, b): their curve gives considerable error
bars. The simulated aerosol is characterized by many modes and information about its spectrum is
needed. Quite sophisticated mechanisms of aerosol processes – agglomeration, settling, dry and wet
removal – have to be created and built into the models. Because of the strong winds aloft, small errors
in position of narrow plumes can lead to large concentration errors. As a result, the modeling tools are
highly dependent on observations to verify that the predictions are giving the right orders of
magnitude. This confirms the need for a specialized data base as stated above.
The main feature of the modeling activities just described is that individual forecasts were issued. This
was the reason the ENSEMBLE consortium (see next paragraph) in its annual meeting in May 2010
decided to launch series of modeling exercises in an attempt to obtain more realistic simulations of this
event. Ensemble-type modeling and modeling of other pollutants (mainly SO2) are in the planned
works of the London VAAC (Thomson, 2010).
3. ENSEMBLE PROJECT
Ensemble modeling, originally developed for weather prediction, is lately being extended to
atmospheric dispersion applications (Galmarini et al., 2001, 2004a). Ensemble dispersion modeling
can be defined as statistical analysis and treatment of several dispersion simulations of a common case
study that aims at estimating the dependency of the dispersion patterns on:
·

The atmospheric flow fields used to calculate the dispersion;

·

The approach to dispersion modeling;

·

The source characteristics;

·

The level of agreement among different model approaches (flow and dispersion).

The estimate of the dependency on these factors is finalized at the determination of the most probable
dispersion patterns and at the reduction of model or case-study uncertainty. Once an ensemble of
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dispersion simulations is obtained a series of methods can be applied for the ensemble analysis.
Ensemble analysis turns out to be an efficient method to obtain probabilistic results, which are useful
for estimating the sensitivity of the simulation to initial conditions, physics described by the models,
algorithm implementation, numerics, representation of surface properties, boundary conditions, source
term description, and source representation. In this respect, the ensemble results contain more
information than single-model results because they are not the simple consequence of a particular
choice of model and case study configuration. This aspect becomes more evident when the dispersion
simulations are forecasts for which no monitoring data can be used for the evaluation and whenever
the model results are used for support to decision making.
Following this ideology, the EU 5FP project ENSEMBLE was launched as a natural continuation and
further development of the European Tracer Experiment (ETEX) project (Girardi et al. 1998) and of
the follow-up Real-Time Modeling (RTMOD) project (Galmarini et al., 2001). After its completion in
2005, the European Commission recognized the importance of the project achievements and converted
its consortium to a permanent structure lead by the Joint Research Centre (JRC) in Ispra, Italy.
Respective Memorandum of Understanding between JRC and Consortium members (mainly European
met-offices and research units dealing with emergency response in case of nuclear accidents) was
signed determining the obligations of all parties. After this signing, many other institutions joined the
Consortium (see the ENSEMBLE web-site http://ensemble2.jrc.ec.europa.eu/).
In the framework of ENSEMBLE, a web-based decision support system has been created to collect
atmospheric dispersion forecasts produced by various participants and to provide emergency
management with the tools to explore and assess the differences. It also produces a comprehensive
European forecast based on the multi-model ensemble dispersion concept. ENSEMBLE enables
qualitative and quantitative comparisons of the forecasts produced by the models so as to determine
their degree of consensus, essential for the decision making process. Model results are uploaded in the
newly developed ENSEMBLE format via the Internet, and can be displayed in real time as single
model output or grouped (ensembles) for ad-hoc statistical treatments. ENSEMBLE can be accessed
by means of a simple web-browser, through which the analysis of uploaded information is calculated
and displayed dynamically. The tools provided support not only the analyses carried out by the
technical advisors to the emergency management teams in the various states, but also provide a
number of plots aimed at conveying the forecast uncertainty to the decision-makers.
At the present time, ENSEMBLE is a web based platform for the inter-comparison and evaluation of
atmospheric chemistry transport and dispersion models. The system originally developed for the
support in case of nuclear emergencies to the world wide atmospheric dispersion modeling community
has evolved over time into a service to any kind of atmospheric model. In fact, it can now be used for
the inter-comparison and evaluation of models working at any spatial scale from local to global, any
number of variables and period of time. Several different activities have been modeled using
ENSEMBLE. Sets of monitoring data of different nature, in situ air quality, radiological and
meteorological data, vertical profiles and airborne data are available for a large number of case
studies. The ENSEMBLE system allows users to perform on line ensemble analysis.
As mentioned, the ENSEMBLE Consortium meeting of May 2010 (during the volcano eruption),
decided to use all abilities of the ENSEMBLE system for analyzing the dilution of volcano materials
during the first week of the event (14-21 April 2010). Although the ENSEMBLE system can be used
for any event related to the release of dangerous volatile substances, anywhere in the world and for
any arbitrary defined domain, its standard domain for Europe covers the area that extends from 15W
to 60E and from 30N to 75N. Model results are inter-compared at all the intersections of meridians
and parallels at 0.25° intervals in both directions. Vertically, ENSEMBLE covers 5 levels above
ground: 0 m, 200 m, 500 m, 1300 m and 3000 m. For the Iceland volcano exercise the vertical
structure was changed to 10 levels: 0 m, 100 m, 500 m, 1000 m, 2500 m, 4000 m, 6000 m, 8000 m,
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10000 m and 12000 m. Results (concentrations and deposition) for each hour were required. Special
new software was created and distributed between the participants enabling the conversion of
modeling results in ENSEMBLE format specifically for this exercise. Four cases had to be modeled:
·

Case 1: Tracer (no removal); source term according to the already mentioned FMI profile.

·

Case 2: Tracer; source term provided by Montreal VAAC (following Mastin et al, 2009).

·

Case 3: Aerosol (CS- 137 like), source term by Montreal VAAC.

·

Case 4: SO2, source from FMI.

All simulations started at 06:00 UTC on 14 April 2010 (further denoted as To) and ended at 06:00
UTC on 21 April.
4. PARTICIPATING PARTIES; BULGARIAN DISPERSION MODEL
Eleven institutions have taken part in the ENSEMBLE volcano exercises, Case 3, so far (the exercise
is still open). Case 3 is chosen for analysis, here, as closest to the reality. The parties are presented in
the next Table 1. Together with the ENSEMBLE numbers and party abbreviations, the institutions are
displayed together with the used meteorological and dispersion models.
Many of the models in Table 1, especially the meteorological ones, are known world wide.
Description of the less popular dispersion models can be found in the literature. It is important to stress
the fact that the used models and combination of met-diffusion models differ essentially, so the
combination of them forms an ensemble of kind 5, according to the classification given in Galmarini
et al. (2004a). The use of dispersion fields produced by different models based on different
meteorological fields is particularly suitable when no measurements are available for model validation
and tuning. The multi-circulation, multi-dispersion model ensemble allows the analysis of a wide
spectrum of scenarios resulting from different simulations and approaches to dispersion modeling.
Table 1. Models and institutions participating in the ENSEMBLE volcano exercise
ENS No

Abbr.

00100

UK1

UK MetOffice

UNIFIED MODEL (UM)

NAME III

00300

SE1

SMHI, Sweden

HIRLAM 5.0.0

MATCH

00400

DE1

DWD, Germany

GME

DWD-LPDM

00600

AT1

ZAMG, Austria

ECMWF T319L50

TAMOS

00700

GR1

Demokritos, Greece

ECMWF

DIPCOT

01001

PL2

IAE, Poland

GFS/COSMO

HYSPLIT

01500

US1

Savannah River Site, USA

RAMS43

LPDM

02700

BG1

NIMH, Bulgaria

DWD-GME

EMAP

03000

CA2

Environment Canada

GEM Global

CANERM

04800

FRI-1

IRSN, France

ARPEGE

02500

FR2

IPSL, France

ARPEGE
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The Bulgarian Emergency Response System (BERS), used in the event of nuclear accidents, has been
operational since 2001. Its creation and development was highly stimulated by the ETEX (Girardi et
al., 1998,). NIMH took part in all activities of ЕТЕХ with a puff-type dispersion model. In the second
phase of ETEX, the new three-dimensional (3-D) model EMAP was tested and was shown to perform
better than the puff model (Mosca et al., 1997, Graziani et al., 1998). This model now is the core of
BERS. Here, a short description of the system and mainly of EMAP will be presented.
BERS comprises two main parts - the operational and the accidental one. The operational part runs
automatically. It searches for the necessary meteorological data received in NIMH via the Global
Telecommunication System (GTS) of the World Meteorological Organization, prepares input
meteorological files used for both trajectory and dispersion modeling, creates archives of the
meteorological data base, runs the trajectory models, visualizes the results obtained and uploads the
maps of trajectories for specified nuclear power plants to the specialized web site of NIMH
(http://info.meteo.bg/ews/). The operational part runs every twelve hours, after new meteorological
information is received. For the moment, numerical weather forecasts produced by the Global model
of DWD, Germany, is the meteorological input to the system. Its spatial resolution is 1.5° and its
temporal resolution is 12 hours. Only the 850 hPa level and surface data are used as input. The 3-D
wind and turbulent coefficient fields in the planetary boundary layer (PBL) are produced by the builtin PBL model YORDAN (Yordanov et al., 1983).
The accidental part of BERS (running EMAP) is activated manually when a real radioactive release to
the environment occurs or during emergency exercises. It requires source information, usually
provided by the emergency authorities (main customer). The concentration and accumulated
deposition fields are the primary outputs of the EMAP model. After visualization, the concentration
and deposition maps are uploaded to a specialized ftp-server of NIMH for use by the interested
institutions.
EMAP (Eulerian Model for Air Pollution) is a 3-D simulation model that describes the dispersion of
multiple pollutants (Syrakov, 1995). It takes into account such processes as horizontal and vertical
advection, horizontal and vertical diffusion, dry deposition, wet removal, gravitational settling of
aerosol and specific chemical transformations. Within EMAP, the semi-empirical diffusion-advection
equations for scalar quantities are treated. The numerical solution is based on discretization applied on
Arakawa C-type staggered grids. Conservative properties are preserved within the discrete model
equations. The horizontal resolution depends on the problem of interest. Vertically, the governing
equations are solved in terrain-following coordinates. Non-equidistant grid spacing (log-linear grid) is
settled in that direction. Time splitting is applied as a solution technique that transforms the complex
problem into a number of simple tasks. For a single time step, one-dimensional schemes are applied
sequentially for every dimension, for advection, for diffusion and for all other processes included in
the model. In order to decrease the splitting error they are applied in reversed order at the next time
step. The temporal resolution depends on the Courant stability condition. The user can determine all
related parameters.
The numerical schemes applied to describe the different processes are as follows:
· Advection. Advective terms are treated with the TRAP scheme (Syrakov, 1996), which is a
Bott type (i.e. flux-type) one. The version applied in the model is 1st order explicit in time. A 3rd order
Bessel polynomial is used for fitting the concentration distribution in space around any grid point.
While displaying the same simulation properties as the Bott scheme (explicit, conservative, positively
definite, transportable, limited numerical dispersion), the TRAP-scheme executes several times faster
the Bott scheme. Special version of the scheme, able to perform on non-equidistant grids, is applied in
the vertical direction.
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· Diffusion. Turbulent diffusion equations are digitized by means of the simplest implicit
(vertical) and explicit (horizontal) schemes. Both schemes have 1st order accuracy in time and 2nd
order accuracy in space. The horizontal diffusion coefficients are constants (defined by the user). The
vertical diffusion coefficient varies in space and time depending on PBL stability. The lateral
boundary conditions for diffusion are of “open boundary” type. The bottom boundary condition for the
vertical diffusion equation is flux-type; the top boundary condition is optionally “open boundary” or
“hard-lid” type.
· Dry deposition. The dry deposition is accounted for as a bottom boundary condition in the
vertical diffusion equation. The dry deposition flux is determined as the product of the roughness level
concentration and the dry deposition velocity. The last parameter depends on many factors. In the
current version of EMAP, it is assumed to depend only on the type of the pollutant and on the
character of land coverage. This parameter must be specified in advance. In the surface layer (SL), a
parameterization that allows one to have the first computational level at the top of the SL is applied. It
provides a good estimate for the roughness level concentration and accounts also for the action of
continuous sources placed on the earth surface (Syrakov and Yordanov, 1998).
· Wet removal. The simplest decay approach is applied, with a coefficient depending on
pollutant properties and on rain intensity.
· Chemistry. Different schemes are applied depending on the problem of interest. In the case of
dispersion of nuclear material, only the radioactive decay is accounted for.
· Aerosol specific processes. The gravitational settling and the removal (dry and wet) are
parameterized according to Syrakov and Galperin (1998). It accounts for the changes of respective
parameters with the aerosol spectrum changes due to the faster removal of the coarser particulate
matter (PM).
The EMAP model has been verified many times in the frame of various projects such as ETEX,
RTMOD, ENSEMBLE and others. Despite its simplicity and the rather poor meteorological input its
results are quite reliable that confirms once more one of the main conclusions of the ETEX exercise:
the more complicated models do not give always better results.
For ENSEMBLE applications, EMAP is realized in a domain of 250×210 points with 20 km resolution
covering the whole of Europe on a stereographic map projection. There are six vertical levels ranging
from 50 m up to 3000 m (log-linear increment). The participation of BERS in the ENSEMBLE
volcano exercise required essential upgrades of EMAP and the whole system. First, the number of
EMAP levels was increased and set as required by the exercise’s technical documents. The main
difficulty was related to meteorology. The operational met-data transferred from DWD is quite limited
due to the low traffic capacity of GTS: only wind and temperature at 850 hPa level, surface
temperature and precipitation amounts every 12 hours. Obtaining data from DWD for the upper levels
and for the specified period was not initially possible. The necessary data at the upper levels was
downloaded from the free National Centers for Environmental Prediction (NCEP) data base
(http://www.ftp.ncep.noaa.gov). This information is global with 1° resolution and 6-hour frequency.
Only wind fields nearest the exercise’s specific levels were downloaded and interpolated in the EMAP
grid points. The vertical diffusion coefficients for all layers in the free atmosphere were set to 1/10
from its values in the PBL. Despite the use of a mixture of met-data, the final results were quite
promising (see next paragraph).
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5. BERS’ SIMULATION RESULTS
BERS took part in all of the ENSEMBLE volcano exercise cases; data were encrypted and uploaded
successfully to the ENSEMBLE web server, allowing for all kinds of analyses provided by the system.
From all of the statistical parameters supported by the ENSEMBLE system, only “overlap in space” is
used here and respective images presented. It is done because of the quite illustrative character of this
indicator. Obviously, it is not possible to present all kind of estimates, all cases’ results, nor
examination of results for all layers in a single case. The information (numerical and graphical) is so
rich that only examples are provided here. The comprehensive analysis of all exercises and all models
will be the subject of the ENSEMBLE consortium activity in the near future. Here, only part of BERS
results (Case 3 mainly) versus ensemble ones will be presented. All images are produced by the
ENSEMBLE system.
Many simulations were made by BERS in an attempt to tune the EMAP model to produce results
which compare well with other model results. The first impression was that the EMAP plume was
quite broad. A subsequent decrease of the horizontal diffusion coefficient from 5×104 to 1×104 m2/s
improved the situation considerably.
The different shapes of EMAP’s and the ensemble plumes were the next problem, best seen in the
beginning of the release. In Fig. 2, one can notice that the ensemble plume at 15:00 UTC starts to
change its shape while EMAP’s plume preserves its behavior up to 00:00 UTC, just when new
meteorology is input. After this time the EMAP plume shape becomes similar to the ensemble one but
a displacement exists. The attentive analysis of these images leads to the conclusion that the low time
resolution of the met-information is the main reason for this displacement.
The only way to improve the simulation results is to increase the met-data time resolution. The
maximal resolution of the NCEP data is six hours, of the DWD data – twelve hours. A six-hour NCEP
data set was prepared; an analogous set for DWD was produced by interpolation between the main
synoptic terms.
The new data sets improve the results significantly, as one can see in Fig. 3, where the same case is
displayed using 12-hour and 6-hour meteorology. The improvement is clearly seen, but some
disagreement still exists. It is quite probable that to decrease the disagreement further, finer input
meteorology resolution would be required (i.e. three hours, or even one hour). Such data sets can be
used only by the institutions with long-range numerical weather prediction of their own. NIMH can
use only data with much coarser time resolution produced by the world meteorological data centers.
The next 3 figures demonstrate the EMAP simulation abilities in comparison with an ensemble
composed by the other 10 models from Table 1. In the first Fig. 4, the concentration spots of both
simulations are shown in evolution, day by day. The percentage of overlap (the overlapping area
divided to common plums’ area) of both plumes, as usual, decreases in time. Despite this decrease,
EMAP plume coincide with ensemble one in big extent.
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To+3h

To+6h

To+9h

To+12h

To+15h

To+18h

To+21h

To+24h

Fig. 2. Time evolution of EMAP’s and ensemble’s plums (first 24 hours):
Case 3, concentration at 8000 m height, threshold 1 μg/m3.
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12h met-data

6h met-data

Fig. 3. Influence of met-data frequency on simulation results (first 24 hours integration):
Case 3, concentration at 6000 m height, threshold 1 μg/m3.

To+1d

To+2d

To+3d

To+4d

To+5d

To+6d

Fig. 4. EMAP simulation versus ensemble one:
Case 3, concentration at height 6000 m, threshold 1 μg/m3

To+1d

To+3d

To+5d

Fig. 5. EMAP simulation versus ensemble one:
Case 3, accumulated dry deposition, threshold 1000 μg/m3

137

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

Journal of International Scientific Publications:
Ecology & Safety, Volume 5, Part 1
ISSN 1313-2563, Published at: http://www.science-journals.eu

To+1d

To+7d

To+4d

Fig. 6. EMAP simulation versus ensemble one:
Case 3, accumulated wet deposition, threshold 1000 μg/m3
In Fig. 5 and Fig. 6, the accumulated deposition fields (dry and wet) are presented. The percentage of
overlapping here is much higher than in case of concentration fields that is quite natural taking into
account the accumulation character of these fields. Without concerning the magnitudes (they are not
used in the FMS pictures) the main difference between both deposition patterns is the most fragmental
character of the wet deposition fields (following the character of precipitation field). As a whole the
EMAP results are quite reliable.
Table 2. FMS estimates (% of overlapping) of all models versus the ensemble composed by the
remaining 10 models: Case 3, concentration at 6000 m height, threshold 1 μg/m3.
Simulation period

mean

rank

32

49

4

74

79

74

1

10

9

6

8

11

22

15

22

27

22

8

24

28

29

34

41

25

7

9

12

15

14

13

11

12

10

21

20

17

17

16

16

15

17

9

BG1

52

56

39

36

38

28

19

38

5

CA2

36

34

35

42

43

37

34

37

6

FRI-1

76

77

68

69

65

67

65

70

2

FR2

56

70

65

72

73

70

74

69

3

Model

24 h

48 h

72 h

96 h

120 h

144 h

168 h

UK1

61

62

59

51

43

38

SE1

69

81

69

74

75

DE1

8

5

8

7

AT1

20

23

27

GR1

4

15

PL2

10

US1

In order to investigate the simulation ability of the EMAP model in comparison with the other models
in the ensemble, Table 2 was created. It presents the percentage of overlapping of all eleven models
taking part in the ENSEMBLE volcano exercise versus the results of the ensemble composed by the
other ten models. The data for only seven particular hours (the end of the respective days of
simulation) are shown in an attempt to give the simulation ability of each model in evolution. The
mean percentage of each model is displayed as well. In the last column, the ranking of the mean
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percents is shown in an attempt to evaluate the agreement of every model with the ensemble. The
EMAP model (BG1) ranked well despite its simplicity and quite poor meteorological input.
6. CONCLUSION
In this paper a short review of the activities (mainly modeling) related to the April 2010 Iceland
volcano eruption is presented. The incompatibility of measurements during the events and the lack of
enough volume of measured concentrations do not allow full verification of the modeling tools used
on- and off-line. Until reliable data base is assembled, the only way to obtain reliable modeling results
is the ensemble approach. This was the reason the ENSEMBLE consortium launched a volcano
exercise with four cases (case three being the closest to the reality). Eleven members of the consortium
took part in this exercise’s case and uploaded their results to the ENSEMBLE web-based analyzing
system. Different kinds of ensembles exist as described in Galmarini et al. (2004a). The exercise
ensemble is of kind 5 – different meteorological models and different dispersion models. The use of
dispersion fields produced by different models based on different meteorological fields is suitable
when no measurements are available for model validation and tuning.
The Bulgarian Emergency Response System was one of the members of this ensemble. The
possibilities of the ENSEMBLE system were used for tuning the BERS models – the horizontal
diffusion coefficient was decreased to 1×104 m2/s and a new meteorological input data set with
increased frequency (6 hours) was produced. All four exercise’s cases were calculated, but BERS
reliability was demonstrated only for Case 3. The EMAP concentration and deposition fields are
presented in evolution versus the ensemble fields. The main conclusion is that despite many
unfavorable circumstances such as different sources of meteorological information for low and high
layers, met-data sets at low time-resolution, simple numerical schemes etc., EMAP produced quite
satisfactory results. All main features of the volcanic ash distribution are captured by the system. The
comparison of the levels of agreement of all models that took part in the exercise versus the ensemble
of the remaining 10 models shows that the EMAP results are in the middle of the ranking. All of this
means that NIMH with its BERS is a useful member of the ENSEMBLE consortium.
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Abstract
This paper presents the results achieved with a wheat crop grown in 2008, following seed treatment
with two biophysical methods (seed exposure to an extremely low-frequency electromagnetic field and
seed disinfection with electrons). Seeds of three wheat cultivars (Renesansa, Durumko and NS Rana 5)
were disinfected with fast electrons, and directly before sowing they were stimulated by exposure to an
extremely-low frequency electromagnetic field (from 0 to 100 Hz). In addition to electron disinfection,
seeds were also chemically treated in the control variant. Untreated seeds served as a control for all
treatments. Both chemical seed treatment and the treatment of seeds with electrons increased the
number of spikes per m2 by 11 in relation to the variant without seed disinfection. Electron treatment
had an advantage over chemical seed treatment in the number of seeds per spike. The difference was 2
seeds in favor of the former variant. A difference was also observed in seed weight per spike, which
amounted to 0.08g. Seed treatment with extremely low-frequency electromagnetic field (ELF EMF)
increased seed weight per spike by 0.02g as compared with the variants that were not treated by this
method.
Key words: wheat, seed disinfection with electrons, ELF EMF
1. INTRODUCTION
The global human population keeps increasing, as well as its requirements for food and energy. About
one fourth of the global population lives on the brink of starvation, while at the same time about 12
million hectares of arable land are lost annually (urbanization, erosion, salinization, abrasion, etc.).
The conventional agricultural production is less and less capable to meet the demands of the
contemporary mankind, so the prices of agricultural produce and food products continue to grow. All
these facts indicate that it is necessary to find new technical and technological solutions that will
enable to achieve high and stable yields of agricultural crops.
Over the last fifty years, special attention was focused on the effect of different sources and types of
radiation on living organisms (Matavulj et al., 2002). Although we were acquainted with natural
sources of radiation for a long time, the study of their effects on the flora and fauna has gained
importance only after the development of man-made radiation sources. As we are dealing here with
physical effects on biological systems, i.e., on living organisms, these methods can be included among
biophysical effects, which were recently classified as a separate scientific field – the biophysics
(Marinković et al., 2003a; Vasilevski, 2003).
The subject of this paper was the response of wheat seeds to two biophysical methods, seed exposure
to an extremely low-frequency electromagnetic field and seed disinfection with electrons.
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It had been found previously that the electromagnetic treatment of seeds directly activates the enzyme
complex in the treated plants, as well as that it facilitates the transport of energy and matter in plants
(Grigorev et al., 1998). In that way plants save their energy and reduce the decomposition rate of
created organic matter for respiration, improving the yield and quality of plant produce (Milošev et al.,
1999; Malešević et al., 2001).
Pesticide treatment of seeds of agricultural crops for the purposes of disinfection and pest control is a
standard procedure in crop production. In recent years, however, an alternative and environmentally
acceptable procedure has been developed, the so-called "e-treatment" (Röder et al., 2002; Marinković
et al., 2003b). This method effectively controls pathogens on seed surface and those near the seed coat.
Advantages of this method of seed protection are numerous: a pesticide is not necessary, there is no
need for handling toxic dust, pathogen resistance is effectively ovrcome, left-over seeds can be used
for fodder, the method is cheap and environmentally acceptable.
The method secures higher crop yields and environmentally safer and higher quality produce.
2. MATERIAL AND METHOD
Field experiments were conducted on a chernozem soil, in four replications, at Rimski Šančevi
experiment field of Institute of Field and Vegetable Crops. The objective was to study the response of
wheat seeds to disinfection by chemicals, electrons (e-treatment) and an extremely low-frequency
electromagnetic field (ELF EMF).
Three wheat cultivars (Renesansa, Durumko and NS rana 5) were studied in the following variants:
1) Ø - Control (untreated seeds),
2) Ch - Seed disinfection with a chemical preparation,
3) Ch + ELF EMF – Chemical treatment combined with electromagnetic stimulation of seeds,
4) e - Seed disinfection with fast electrons,
5) e + ELF EMF – Seed disinfection with electrons + electromagnetic stimulation.
Before sowing, the seeds were disinfected with electron plasma, and directly before sowing the seeds
were treated with an electromagnetic field (at a frequency between 0 to 100 Hz). The following
equipment was used in the ELF EMF method: a power source, a frequency generator and a
transmitting device (antenna). The experiment was preceded by several series of preliminary smallscale laboratory tests, in order to find the optimal frequency.
Since most pathogens inhabit seed surface or the seedcoat, the action of electrons was directed on the
latter. Electron energy was adjusted to penetrate only a defined surface layer, in order to preclude
damage to the germ.
The chemical (variant Ch) used for seed disinfection was the preparation Dividend. After seed
treatment, sowing was performed at an optimum date. All other cultural practices were also carried out
timely and simultaneously in all test variants. The obtained results were processed by the analysis of
variance for a factorial experiment established by a split-plot method.
3. RESULTS
In the case of the cultivar Renesansa, the number of spikes per m2 (Table 1) was already higher by 15
per m2 at the time of seed disinfection with electrons as compared with the chemical treatment. With
the same cultivar, the combination of two biophysical treatments, e + ELF EMF, produced more
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spikes per square meter than the combination Ch + ELF EMF. The difference was 23 spikelets. The
above differences were not statistically significant.
Table 1. Number of spikes per po m2
Treatment
Cultivar

e+
ELF
EMF

Average

525

555

578

566

548

535

567

542

540

598

567

633

582

606

599

567

567

573

568

575

Ch

e

Renesansa

555

572

587

NS rana 5

515

530

Durumko

597

Average

556

Combined
average

LSD

Ch +
ELF
EMF

Ø

ELF
EMF

Ch and Ch+
ELF EMF

e and e+ ELF
EMF

Ch and e

Ch + ELF EMF
and e + ELF EMF

568

571

567

572

A

B

AxB

BxA

005

57

51

102

103

001

82

68

136

139

Considering the individual treatments applied to the cultivar NS rana 5, the lowest number of spikes
(515) was obtained in the control, the largest (567) in the treatment Ch + ELF EMF. The difference
between these two treatments was 52 spikes per m2. It is important to mention here that both
biophysical methods brought increases in the number of spikes per square meter. These methods
increased the number of spikes by 18 and 5 per square meter. The differences were not statistically
significant.
The cultivar Durumko produced the largest number of spikes per m2 (633) in response to seed
treatment with ELF EMF. Compared with the variant of chemical treatment, the difference was 35
spikes. There were no statistically significant differences in the case of the cultivar Durumko when the
ELF EMF treatment was compared against all other treatments.
On average, the combination e + ELF EMF produced the largest number of spikes per m2 (575), while
the lowest number was recorded in the control treatment (556). The difference in the number of spikes
per m2 between e + ELF EMF (on average for all three cultivars) and the other variants in the
experiment was not statistically significant.
The combinations Ch + ELF EMF and e + ELF EMF produced a larger number of spikes per m2 (572
on average) than the other combination, however, the differences were not statistically significant. The
lowest number of spikes per m2 (568 on average) was found in the treatments Ch and e.
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Table 2. Number of seeds per spike
Treatment
Ø

Ch

e

ELF
EMF

Ch + ELF
EMF

e+
ELF
EMF

Average

Renesansa

31.6

31.1

31.1

32.6

32.3

32.6

31.9

NS rana 5

26.6

24.9

29.3

28.2

27.6

27.2

27.3

Durumko

30.8

31.5

33.1

32.7

31.4

32.7

32.0

Average

29.7

29.2

31.2

31.2

30.4

30.8

Cultivar

Combined
average

LSD

Ch and Ch+
ELF EMF

e and e+ ELF
EMF

Ch and e

Ch + ELF EMF
and e + ELF EMF

29.8

31.0

30.2

30.6

A

B

AxB

BxA

005

2.0

2.3

4.4

4.6

001

2.9

3.0

6.0

6.1

In the case of the cultivar Renesansa, the chemical treatment produced the lowest number of seeds per
spike. The differences in relation to the treatment with ELF EMF and the untreated variant were 1.5
and 0.5 seeds, respectively. The differences between the chemical treatment and the other biophysical
treatments ranged from 1.2 to 1.5 seeds per spike.
The cultivar NS rana 5 produced the largest number of seeds per spike (29.3) in response to seed
treatment with electrons. The lowest number of seeds per spike was obtained with the chemical
treatment of seeds. The difference between these two variants was statistically significant (4.4). The
other differences were not statistically significant.
In the case of the cultivar Durumko, the electron treatment produced the largest number of seeds per
spike (33.1). The lowest number of seed was recorded in the control variant (30.8). The difference of
1.6 seeds per spike was not statistically significant. The chemical treatment rendered a lower number
of seeds per spike compared with the ELF EMF treatment. The difference was 1.2 seeds. The
treatment e + ELF EMF produced a larger number of seeds per spike than the treatment Ch + ELF
EMF, but the difference of 1.3 seeds was not statistically significant.
Both biophysical methods and their combinations caused the three cultivars under study to produce a
larger number of seeds per spike.
On average, seed disinfection with electrons and the treatment ELF EMF gave the largest numbers of
seeds per spike (31.2 in both cases). The difference between the treatments Ch and e + ELF EMF of
1.0 seeds was not statistically significant. The chemical treatment produced the lowest number of
seeds per spike (29.2).
Concerning the combined averages, the largest number of seeds per spike (31.0) was observed in the
treatments e and e + ELF EMF. Compared against the treatments Ch and Ch + ELF EMF, which
brought the lowest number of seeds per spike (29.8), there was no statistical significance. The smallest
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difference between the combined averages of only 0.4 seeds per spike was obtained between the
treatments e and e + ELF EMF and Ch + ELF EMF and e + ELF EMF.
Table 3. Seed weight per spike
Treatment
Ø

Ch

e

ELF
EMF

Ch + ELF
EMF

e+
ELF
EMF

Average

Renesansa

1.26

1.27

1.28

1.34

1.35

1.36

1.31

NS rana 5

1.28

1.21

1.36

1.37

1.31

1.35

1.31

Durumko

1.18

1.23

1.32

1.37

1.32

1.32

1.29

Average

1.24

1.24

1.32

1.36

1.33

1.34

Cultivar

Combined
average

LSD

Ch and Ch+
ELF EMF

e and e+ ELF
EMF

Ch and e

Ch + ELF EMF and
e + ELF EMF

1.28

1.33

1.28

1.34

A

B

AxB

BxA

005

0.08

0.08

0.17

0.16

001

0.12

0.11

0.22

0.22

Regarding the individual treatments, the cultivar Renesansa achieved the highest seed weight per spike
in the treatment e + ELF EMF (1.36 g). In the case of the cultivar Renesansa, a difference of 0.01 g
was obtained between the treatments e + ELF EMF and Ch + ELF EMF, which was not statistically
significant. Seed treatment with the electromagnetic field produced a higher seed weight per spike (by
0.07g or 5.51%) than the chemical treatment. The difference between the treatments Ch and e + EMP
ENF was 0.09 g per plant (7.09%). This difference was not statistically significant.
In the case of the cultivar NS rana 5, the highest seed weight per spike, amounting to 1.36 g, was
obtained by seed treatment with electrons (e). A comparison of the seed weights per spike obtained in
the treatment Ch on one side (1.21 g) and the treatments e + ELF EMF and e on the other (1.35 and
1.36 g, respectively) showed the differences of 0.14 g (11.57%) and 0.15 g (12.40%), respectively.
The seed weight per spike was lower by 0.08 g in the control variant for the experiment (Ø) than in the
seed treatment with electrons. The above differences were not statistically significant.
In the case of the cultivar Durumko, the biophysical treatments e, e + ELF EMF and Ch + ELF EMF
produced the same seed weights per spike of 1.32 g. In the treatment ELF EMF, the seed weight was
1.37 g/spike. The difference of 0.14 g in relation to the control variant of the experiment (Ø) was not
statistically significant. The treatments e + ELF EMF and Ch + ELF EMF each had the seed weight
higher by 0.09 g (7.32%) than the chemical treatment. The treatment ELF EMF had a higher seed
weight per spike than the chemical treatment, by 0.14 g (11.38%). The above differences were not
significant.
On average for the individual treatments, the ELF EMF treatment showed a statistically significant
difference in seed weight compared with the control for the experiment and the Ch treatment (0.12 g
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or 9.68%). The other biophysical treatments increased the seed weight per spike by 0.08, 0.09 and 0.1
g (6.45, 7.26 and 8.06%). All of these differences were statistically significant. The difference in the
seed weight of 0.02 g, recorded between the averages for the treatments ELF EMF and e + ELF EMF,
was not statistically significant.
The combined average for the treatments e and e + ELF EMF differed from the average for the
treatments Ch and e in the seed weight per spike by 0.05 g (3.91%). The combined average for the
treatments e and e + ELF EMF on one side and the treatments Ch + ELF EMF and e + ELF EMF on
the other showed a difference of only 0.01 g (0.75%).
4. CONCLUSIONS
The e treatment increased the number of spikes per square meter by 15 and 18 in Renesansa and NS
Rana 5, respectively, and it decreased the number of spikes by 31 in the cultivar Durumko.
The combination of e + ELF EMF treatments increased the number of spikes per m2 of all cultivars
compared with the Ch treatment. The respective increases were 6, 12 and 8 spikes per m2 (1.05%,
2.26% and 1.34%).
Seed disinfection with electrons in combination with ELF EMF increased the number of spikes per m2
by 8 on average, compared with chemical disinfection (an increase of 1.41%).
The number of seeds per spike was higher in the e treatment than in the chemical treatment.
The differences per cultivar ranged from 0 to 4.4 seeds per spike, or two seeds on average.
In the ELF EMF treatment, the number of seeds was greater from 1.2 to 3.3 or two seeds on average
than in the chemical treatment (13.3%, 3.81% and 6.85%).
The combination of new technologies increased the number of seeds per spike in relation to the
chemical treatment from 1.2 to 2.3, or 1.6 seeds on average (9.24, 3.81 and 5.48%, respectively).
Seed weight per spike was higher from 0.01 to 0.15 g when treated with electrons than with chemicals
(0.79 and 12.40%, respectively).
Elektromagnetno polje ekstremno niskih frekfencija povećalo je masu zrna po klasu u proseku za
0.12g (9.68 %), odnosno od 0.07 do 0.16 (5.51 i 13.22 %).
The extremely low-frequency electromagnetic fields increased the seed weight per spike by 0.12 g
(9.68%) on average, i.e., from 0.07 to 0.16 g (5.51 and 13.22%, respectively).
The combination of the new technologies (e + ELF EMF) increased the seed weight per spike by 0.1 g
(8.1%) on average, i.e., from 0.09 to 0.14 g (7.06 and 11.57%, respectively).
The average increases in spike number and seed weight per spike induced by the application of the
ELF EMF method and the combination of the biophysical methods increased the seed yield of wheat
by 432 kg/ha and 480 kg/ha, respectively.
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PHYTOSANITARY MONITORING OF SOIL, SEEDS,
AND TERRESTRIAL ENVIRONMENT FOR SAFER TECHNIQUES
OF SPRING-WHEAT GROWING IN SIBERIA
E.Yu. Toropova and V.A. Chulkina
Novosibirsk State Agricultural University, Dobrolyubova 160, Novosibirsk 630039, Russia

Abstract
A system has been developed to improve the safety of the phytosanitary techniques of spring-wheat
growing in Siberia. It consists in selecting adaptable varieties, using agricultural techniques and
taking direct-control measures on the basis of phytosanitary soil cartograms, inspecting seeds by
advanced techniques, and monitoring noxious organisms when the main yield- structure elements of
spring wheat are formed. The new system considerably reduces pesticide application and renders
clean grain production by 1.5–2 times more profitable.
Key words: phytosanitary techniques, spring wheat, adaptable resistant varieties, agricultural
techniques, pesticide, phytosanitary soil cartogram, seed inspection, noxious-organism monitoring,
main yield-structure elements.
1.INTRODUCTION
Ways to increase food production remain one of the global concerns. Now the population of the Earth
increases daily by 200,000–250,000 people (over 70 million per year) and may reach eight billion by
2020. This necessitates doubling the production of food, especially grain. Grain ranks third in the
global primary production after energy sources and wood.
West Siberia has always been a grain-producing region. About 20 million ha arable land is situated
here, which is about one-sixth of the country’s total reserves. It should be noted that black earth
accounts for ~70% of West Siberian soils. Overall, Siberia produces about one-third of Russian
marketable grain.
West Siberian agriculture is determined mainly by the agroclimatic features of the region. According
to some indices, West Siberia is an area of risk farming. Its climate is extreme continental, with
dramatic temperature and humidity drops. The mean annual temperatures are –2 °C to +2 °C, and the
mean monthly temperatures vary from –20 °C in January to +20 °C in July. The frost-free period lasts
for 90–130 days. Correspondingly, the growing season is relatively short (150–175 days). The mean
annual precipitation varies across different zones from 250 to 600 mm/year. Southwesterly and
westerly winds predominate in Siberia, reaching considerable strength from time to time. The
agroecological conditions in West Siberia are close to those in the steppe zone of Canada, where
precipitation is very much the same, but winters are milder owing to the influence of the oceans. Most
of the West Siberian fields are occupied with cereals and pulses (~10 million ha), including 5.7 million
ha occupied with spring wheat. The staple crops also include oats (15% of the area occupied with
cereals), barley (10% of the cereals), winter rye, winter wheat, millet, buckwheat, peas, vetch,
potatoes, rape, sugar beet, and flax. In animal-breeding zones, sizable areas are occupied with forage
crops: cereals, legumes, and silage crops (corn, sunflower). Also, promising crops are kidney beans,
beans, soybeans, and forage crops such as sorghum, Sudan grass, and chickpea.
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The productivity of Siberian crops makes up 15–25% of the crop capacity of the varieties. For
example, the crop capacity of spring wheat is 40–50 hkg/ha, and its actual productivity averages 8.6–
19 hkg/ha. Noxious organisms are one of the productivity-reducing factors. Researchers from the
Siberian School of Plant Protection developed basic phytosanitary techniques for 33 crops (cereals,
pulses, groats; forage, industrial, vegetable, fruit, and berry crops). These techniques are based on the
advances of adaptive plant epidemiology and the agricultural method for plant protection; they are
environment-friendly and inexpensive (Chulkina et al., 2009). The basic techniques were developed
with the help of the systems-ecological approach and are aimed at developing the best parameters of
the main yield-structure elements.
2.MATERIALS AND METHODS
We developed the system using information on the efficiency of individual techniques and their sets.
The studies were conducted in the forest steppe zone of West Siberia in 2000–2010. During field
experiments on plots with an area of 10–500 m2, we evaluated the phytosanitary and economic
efficiency of preceding crops and tillage systems as well as mineral and organic fertilizers, sowing
terms, sowing depth, and seed preparation (calibration, warming, treatment) (replicated 4–5 times).
The phytosanitary state of soils was inferred from the infectious potential of the root rot
Helminthosporium sativum Pam., King et Bakke in 1 g of air-dry soil by flotation (Chinn and
Ledingham, 1958) and from the content of weed seeds in the plow-layer per 1 ha by wet-screening
(Chulkina et al., 2009). The phytosanitary state of seeds was evaluated by the wet-roll method
(Anselme, 1981) from the development of glume mold and the root rot of sprouts and from the
presence of pathogenic (Helminthosporium, Fusarium, Alternaria, and others) and toxigenic fungi
(Penicillium, Aspergillus, and others).

The abundance of pests (Chaetocnema aridula Gyll., Oscinella pusilla Mg., Phyllotreta
vittula Redt., Macrosteles laevis Rib., and others), weeds (Convolvulus arvensis L., Sonchus
arvensis L., Elytrigia repens (L.) Nevski, Panicum miliaceum L. var. ruderale L. (Kitag.)
Tzvelev, Setaria glauca (L.) Beauv., and others), and plant pathogens (Helminthosporium,
Fusarium, Alternaria, Pythium, Puccinia recondita f. tritici Rob. Ex Desm., Puccinia
graminis Pers. (syn. Blumeria graminis), Erysiphe graminis DC., Septoria nodorum Berk.,
Ustilago tritici (Pers.) Jens., Tilletia caries Tul., and others) was determined during the
growing season by standard methods (Chulkina et al., 2009)
The efficiency of the phytosanitary techniques during the growing season was estimated from the
quantity and phytosanitary state of sprouts, and that before harvesting was estimated from the
quantitative parameters of yield-structure elements; also, the biological and economic productivity of
spring wheat was determined. Information was obtained from plots with an area of 0.25 m2
(83.3Í30 cm, two drills) in each agricultural ecosystem (replicated 6–8 times).
The data were processed by variance, correlation, and regression analyses (Dospekhov, 1985).
3.RESULTS AND DISCUSSION
The development of environment-friendly phytosanitary techniques begins with determining the actual
(on the given farm) and planned parameters of the main yield-structure elements and, correspondingly,
the actual and planned productivity and product quality. Afterward the ecological groups of noxious
organisms are determined which violate the formation of the yield-structure elements. Finally, the
phytosanitary techniques are developed in seasonal–phenological sequence, which are, in fact,
working plans for experts.
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Spring wheat has the following productivity formula:
Phkg / ha =

D × N ×W
,
10,000

where D is the density of productive culms per m2; N, number of grains in a spike; W, weight of 1000
grains, g; 10,000, factor of conversion to hkg/ha.
The best parameters of the main yield-structure elements for West Siberian forest steppe are the
following:
D = 450–500 (up to 600)/m2;
N = 18–25 (up to 35) grains/spike;
W = 30–40 g.
With these parameters, the biological productivity of spring wheat will be:
Phkg/ha = 450 × 18 × 30 / 10,000 = 24.3 hkg/ha
The maximum biological productivity is 60 hkg/ha and more. The actual grain productivity in West
Siberia and the Trans-Urals varies from 15–17 to 35–40 hkg/ha.
One of the important means of increasing grain productivity and improving its quality is the
development and application of phytosanitary techniques suppressing the entire community of noxious
organisms (plant pathogens, pests, weeds) who violate the formation of yield-structure elements
throughout the growing season (Table 1).
Table 1. Ecological groups of noxious organisms violating the formation of the main yield-structure
elements of spring wheat in West Siberia
Stage

Yield-structure
elements

Ecological groups of noxious organisms

Germination–
sprouting

Sprout density,
which
determines the
density of
productive
culms by 70–
80%

1.Seedborne: loose and covered smuts, ergot (seedborne), Fusarium
and Helminthosporium fungi, seed molds, seeds of perennial weeds
(soilborne), Septoria blight, Alternaria leaf spot, seeds of annual and
biennial weeds (airborne).
2.Soilborne, or root-and-tuber: wireworms, false wireworms, cereal
cyst nematode, Fusarium and Helminthosporium root rots.
3.Terrestrial, or leaf-and-stem: barley flea beetle, Phorbia genitalis,
frit fly, Hessian fly.

Tillering–
flowering

152

Grains/spike,
productive
tillering
capacity

1.Soilborne, or root-and-tuber: Fusarium and Helminthosporium
root rots; cereal cyst nematode; perennial weeds (spear and bristly
thistles, field sowthistle, field bindweed, couch grass, and others).
2.Terrestrial, or leaf-and-stem: powdery mildew; Septoria blight;
leaf and stem rusts; leafhoppers (Deltocephalus striatus, Macrosteles
laevis, smaller brown plant hopper); leaf beetles (cereal leaf beetle,
Californian thistle leaf beetle); greenbug; true bugs (capsid grain bug,
bishop’s mitre shield bug, Notostira erratica, tarnished plant bug);
wheat thrips; flower mite; locusts (Italian, Siberian); annual and
biennial weeds (wild oats, common millet, yellow foxtail, hemp-nettle,
Tartary buckwheat, lamb’s quarters, tumble and redroot pigweeds, and
others).
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3.Seed- and vectorborne infections: loose and covered smuts, ergot,
pseudorosette disease.
Ripening–
complete ripeness

Weight of
1000 grains

1.Terrestrial, or leaf-and-stem: Septoria blight, rusts, wheat thrips,
large nutmeg.
2.Soilborne, or root-and-tuber: Fusarium and Helminthosporium
root rots, Fusarium fungi and glume mold of grain, enzyme-mycotic
exhaustion of grain (complex etiology).

The table shows that the formation of the yield-structure elements of spring wheat is violated by 50–60
species of noxious organisms, which belong to different ecological groups (Сhulkina, 1988). In
Siberia, weeds rank first in harmfulness (decrease productivity by an average of 12.2 hkg/ha, or
37.9%). They are followed by root rots and stem pests (by 7.4 and 2.7 hkg/ha, or 22.4 and 11.2%,
respectively). Overall, noxious organisms reduce the grain productivity by 50% and more. Different
sets of agricultural techniques are efficient against different ecological and biological groups of
noxious organisms (Table 2).
Table 2. Efficiency of agricultural techniques against different ecological and biological groups of
noxious organisms
Technique

Ecological groups

Biological groups

soilborne

airborne

seedborne

vectorborne

plant
pathogens

pests

weeds

Creating
phytosanitary
crop rotation and
agicultural
landscapes

+++

+++

++

+++

+++

+++

+++

Using
resistant
varieties

++

+++

++

+

+++

++

++

Selecting tillage
techniques

++

+++

+

–

++

+++

+++

Applying organic
fertilizers

+++

+

+

–

++

+

–

Applying mineral
fertilizers

+++

++

++

+

+++

++

–

Improving
quality

seed

++

++

+++

+++

+++

+

++

Selecting sowing
terms

++

+++

++

++

++

+++

+++

Selecting
seeding rate

the

++

+++

++

++

++

++

+++

Selecting
the
sowing depth

+++

++

++

–

+++

++

++

Selecting the best

+++

+++

+++

+

+++

+++

+++
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harvesting terms
and techniques
Applying
biopesticides

+

++

+

+

++

+++

–

Applying
chemical
pesticides

+

+++

+++

+

+++

+++

+++

Total

27

30

24

15

31

28

24

Note: +++, considerable; ++, moderate; +, satisfactory; –, marginal efficiency.

All the ecological and biological groups of noxious organisms are first controlled by agricultural
techniques, and direct (biological, chemical) control measures are taken in case of mass reproduction
of noxious organisms.

If, according to phytosanitary soil cartograms, soils are infested with noxious organisms
above the biological threshold (BT), the following techniques are used. First, phytosanitary
crop rotation is created by introducing preceding crops; then, organic and mineral fertilizers
are applied; the best sowing depth is selected; seeds are warmed and treated; the best
harvesting terms are selected. Soilborne noxious organisms include Fusarium and
Helminthosporium root rots, cereal cyst nematodes, wireworms, and others.
The following techniques are highly efficient against terrestrial, or leaf-and-stem, noxious organisms,
whose life cycle is mainly adapted to the terrestrial environment: introducing phytosanitary crop
rotation, especially spatial isolation of susceptible crops; growing genetically and physiologically
resistant and competitive plants; selecting the best sowing terms, tillage techniques, seeding rates, and
harvesting terms and techniques. Plant biodiversity in crop rotation and agricultural landscapes
enhances the reproduction and activity of entomophages who control pest insects: frit flies, Hessian
flies, Phorbia genitalis, cereal leafhoppers, true bugs, aphids, and others. Leaf-and-stem species are
often controlled by direct (biological, chemical) measures, initially in foci where noxious organisms
are concentrated.
Creating healthy seeds and transplanting stock is especially important in controlling seed- and
vectorborne noxious organisms, and seed treatment is highly efficient against seedborne species.
Agricultural techniques vary in efficiency against different biological groups of noxious organisms
(plant pathogens, pests, weeds). For example, creating phytosanitary crop rotation, using resistant
varieties, applying balanced mineral and organic fertilizers, creating efficient seedbeds, and selecting
the best harvesting terms and techniques are highly efficient against plant pathogens; creating
phytosanitary crop rotation and selecting the best tillage techniques, sowing terms, and harvesting
terms and techniques help against pests; creating phytosanitary crop rotation and selecting the best
tillage techniques, sowing terms, and seeding rates as well as harvesting terms and especially
techniques help against weeds. Biological and chemical pesticides are efficient against all the
biological groups if they exceed the economic threshold (ET).
As regards the efficiency of individual techniques, phytosanitary crop rotation is crucial in limiting the
reproduction, survival, and trophic relationships of all the ecological and biological groups of noxious
organisms.
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The arable rotation of the staple cereal (spring wheat) throughout Siberia requires optimizing the
phytosanitary state of soils infested above the ET with soilborne pathogens, who cause mass
development of root rots, and with weed seeds (Table 3).
Table 3. Phytosanitary state of soil in West Siberia and the Trans-Urals, 1971–2010
Region, territory

Areas infected with Helminthosporium sativum, %
below damage
threshold (1–30*)

above damage threshold
moderately (31–100)

greatly (over 100)

Omsk

49.9

41.2

8.9

Krasnoyarsk

22.1

67.9

10.0

Kemerovo

17.6

71.4

11.0

Novosibirsk

15.8

56.1

28.1

Tyumen

9.9

51.5

38.6

Kurgan

9.2

63.8

27.0

Altai

4.6

69.2

26.2

Average

18.4

60.2

21.4

* conidia number in 1 g of air-dry soil

Large-scale inspections of soil were carried out on 72 farms with a total area of over 500,000
ha occupied with cereals in the agricultural ecosystems of Siberia and the Trans-Urals. They
showed that spring wheat on all the farms was infected with Helminthosporium sativum to
different extent and the DT was exceeded on most of them. The soil infection level below the
damage threshold (DT) was 4.6–49.9%, averaging 18.4%, and that moderately above the DT
was 41.2–71.4%, averaging 60.2%. It was established that growing spring wheat became
unprofitable in 21.4% of the area, because yield losses exceeded 25% and the product quality
deteriorated: gluten content decreased, and the baking properties of grain worsened (Bailey,
1991; Toropova, 2005). Phytosanitary mapping revealed that root rot pathogens accumulated
gradually in the soils of the region owing to a decrease in soil suppressiveness.
Counts of weed seeds in soil showed that the ET (30 million seeds/ha) was exceeded by 98 times if
spring wheat was grown continuously. The infestation is so high mainly because the weed seeds are
dispersed during harvesting and crop rotation is violated (Toropova et al., 2010).
The phytosanitary role of preceding crops in West Siberia in reducing soil infection with root rots was
estimated. As a result, they were placed in the following order: rape, sugar beet, perennial cereals and
legumes, peas and oats, oats, peas, corn, fallow, winter rye, wheat, and barley. A significant
correlation (r = 0.635±0.183) was observed between the saturation of crop rotation with susceptible
crops at a level of 50–100% and soil infection with Helminthosporium sativum. It is due to the
reproduction of pathogens on winter rye, wheat, and especially barley. When the crop rotation was
saturated with susceptible crops by 13.7–26.4%, the soils were free of root rot or infected below the
DT. A high negative correlation (r = –0.785–0.892) was observed between the development of root
rots of different origin (Helminthosporium, Fusarium, Alternaria, Pythium, Rhizoctonia) and the
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abundance of antagonistic microorganisms in soil (Trichoderma, Penicillium, Aspergillus,
Streptomyces). Creating soils suppressive to one plant pathogen also becomes important for others.
Within crop rotation optimized with respect to root rots, the phytosanitary state of soil with respect to
the accompanying noxious organisms (stem pests, weeds) improves correspondingly (Fig. 1).
140
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Fig. 1. Phytosanitary state of spring wheat after the introduction of preceding crops into crop rotation
The figure shows that preceding crops reduced soil infection with Helminthosporium sativum by an
average of 47.5%; the development of root rot, by 56.4% (target objects). Also, weed infestation
decreased by 22.7%, and damage from stem pests (Oscinella pusilla Mg., Oscinella frit, Phorbia
genitalis) decreased by 74.2%. The phytosanitary effect against plant pathogens was achieved by
limiting the survival of pathogens in soil; that against weeds and stem pests, by enhancing plant
resistance and competitiveness.
Further phytosanitary optimization of crop rotation with respect to root rots was accomplished by
plowing straw into fallow land, improving the P and N nutrition of plants, and replacing nitrate
fertilizers by ammonia. Considering the pervasive high weed infestation, the following measures were
taken against weeds: introducing fallow into crop rotation with the application of nonselective
herbicides (glyphosates) against perennial weeds (sowthistles, bindweed, couch grass); creating
competitive plants (with optimum density and an intense start of growth); introducing perennials,
vetch-oats, and winter wheat to control annual and biennial weeds; preventing the dispersal of weed
seeds during harvesting, placing them in a tank together with grain, cleansing, and utilization on the
threshing-floor. The latter is efficient against annual, biennial, and perennial weeds and considerably
limits the unjustified application of herbicides.
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The productivity of spring wheat sown after preceding crops averaged 25.9 hkg/ha vs. 16.4 hkg/ha
after cereals (wheat, barley, winter rye). This is because the density of productive culms increased by
35.6% and the weight of 1000 grains increased by 23.1%. The economic efficiency of introducing
preceding crops was very high: the profit doubled.
Apart from the phytosanitary optimization of crop rotation, all the farms in Siberia and the Trans-Urals
required that the phytosanitary state of the fields be optimized after the use of the main tillage
techniques, which differed across zones. Tillage is known to change the physical, agricultural–
chemical, biological, and phytosanitary properties of soil which favor the survival of noxious
organisms and make plants susceptible to them. Being adapted to survival in soil, soilborne noxious
organisms (root rot agents, wireworms, nematodes) almost do not perish when plowed deep under.
On the contrary, leaf-and-stem noxious organisms (Oscinella pusilla Mg., Oscinella frit, Phorbia
genitalis, Chaetocnema aridula Gyll., Puccinia recondita f. tritici Rob. Ex Desm., Puccinia graminis
Pers., Erysiphe graminis DC., Septoria nodorum Berk.), who are adapted mainly to the terrestrial
environment, perish when plowed deep under.
In the northern forest steppe, subtaiga, and piedmont zones of West Siberia and the Trans-Urals,
plowing is done; in the southern forest steppe and steppe, conservation tillage is done (soil clearing,
minimum tillage). Direct sowing of cereals (no-till farming) is also used. In conservation tillage, plant
residues are preserved on top of the soil. As a result, infestation with noxious organisms increases as
compared with plowing: root rot agents increase in number by 5–6 times; leaf-and-stem pathogens
such as Septoria blight, by 14–20 and more times; weed seeds, by 8–50 times. This creates adverse
phytosanitary conditions during the germination and sprouting of spring wheat (Toropova et al., 2010).
The situation is aggravated by a shortage of N in soil, especially in the case of direct sowing, because
soil nitrogen is absorbed by microorganisms when straw decays. Therefore, in the case of direct
sowing, the productivity of spring wheat plummets in dry years to 7–8 hkg/ha vs. 16–17 hkg/ha in the
case of plowing. This is due to the shortage of N in soil and high weed infestation (up to 550
weeds/m2).
To optimize the phytosanitary state of spring wheat in no-till farming, the following measures should
be taken: introducing crop rotation under the scheme 2 × 2 (Anderson, 2006; Harker, 2007); sowing
10–15% more seeds; treating seeds; chemical weeding, especially applying graminicides against wild
oats, Setaria spp., common millet, and barnyard grass; N–P drill fertilizing during sowing to improve
plant resistance to noxious organisms and shorten the vulnerable (critical) period of transition from
heterotrophy to autotrophy (germination, sprouting). In winter it is important to accumulate water by
snow retention; in spring, to slow down the thawing of snow and ensure better water absorption by
strip snow compaction.
The seed quality is crucial in creating the optimum density of productive culms (Table 4).
The table shows significant differences in the phytosanitary state of spring-wheat seeds by years and
varieties. The integrated DT (Chulkina et al., 2000) (15%) was exceeded in 32.8% of the studied seed
samples. The DT was exceeded to the highest level (up to three times) in 2002, when the conditions
were the most favorable to the spatial transmission of plant pathogens. The phytosanitary state of
seeds depended considerably on moisture conditions during their ripening (conditions in the given
year have over 50% influence). The phytosanitary state correlates closely with precipitation in August
and September (0.984±0.013). Plant pathogens reduced the laboratory germination rate of seeds, and a
close negative correlation (r = –0.967±0.011) was observed between the infection level of the seeds
and their germination rate. The table also shows the importance of resistant varieties (15%): for
example, the infection level of the seeds of the more resistant variety Novosibirskaya 20 did not
exceed the DT even in years favorable to infection.
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Table 4. Phytosanitary state of spring-wheat seeds in the forest steppe zone of West Siberia
Variety

Seeds infected with Helminthosporium and Fusarium fungi by year, %
1998

1999

2000

2001

2002

2003

2004

2005

Novosibirskaya 89

8

7

5

24

46

2

35

25

Novosibirskaya 20

0

0

5

6

10

0

8

9

Novosibirskaya 22

6

5

9

13

14

2

12

15

Novosibirskaya 15

9

5

4

18

38

5

17

18

Omskaya 14

5

7

4

17

29

3

28

16

LSD05 = 2.3%
Influence of the factors, %: variety, 15%; conditions in the given year, 52%

According to many-year observations, the seed quality is improved by selecting early sowing terms (in
the case of soil tilth); applying normal levels of mineral fertilizers; selecting the best harvesting terms;
calibrating, warming, and treating seeds before sowing on the basis of their inspection. The best
sowing and phytosanitary qualities are observed in medium-sized seeds of spring wheat (2.5–3.5 mm
in diameter) warmed for 1.5–2 (up to 5–8) h at an air temperature of 45–50 °C and a grain temperature
of 25–30 °C. Infected seeds have to be treated with biological and chemical fungicides with regard to
the range of pathogens and the fungicidal activity of treatment. It was found that the efficiency of
treatment depended significantly on the phytosanitary state of soil and seeds, the moisture content of
soil, and the sowing depth (Toropova, 1993, 1995). Seed treatment against root rots is most efficient
when the seeds and soil are infected above the ET and the seeds are sown no deeper than the coleoptile
length into soil with a moisture content making up at least 60% of the total moisture capacity.
It was established that low planting density predominated in most of the fields (60% of the studied
fields) and the sowing depth was not optimum in 88.2% of the areas. This results in the development
of uncompetitive plants with a low density, which are vulnerable to weeds, root rot, stem pests, and
other noxious organisms (Table 5).
Table 5. Influence of the sowing depth on the development and phytosanitary state of wheat plants at
the tillering stage (2003–2005)
Index

Predominant sowing depth
optimum

great

464

391

45.8

Number of primordial roots

5.4

4.6

0.7

Number of secondary roots

3.7

1.1

0.5

primordial roots

15.1

17.2

1.8

epicotyl

20.5

27.3

2.1

8.8

17.0

2.9

472

407

51.2

Sprouts/m

2

Infection with root rots, %:

Damage by stem pests, %
Productive culms/m

158

LSD05

2

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

Journal of International Scientific Publications:
Ecology & Safety, Volume 5, Part 1
ISSN 1313-2563, Published at: http://www.science-journals.eu
The table shows that the optimized sowing depth increases the density of sprouts (by 15.7%) and, as a
result, that of productive culms (by 13.8%). Also, it stimulates the development of primordial and
secondary roots, whose total number increases by 37.4%. At the same time, sprouts become more
resistant to root rots and stem pests: plant infestation with the latter decreases by 1.9 times. It was
established reliably that the development of root rots was inhibited on primordial roots and especially
on the epicotyl by 12.2 and 24.9%, respectively. The phytosanitary state of plants can be improved
substantially by optimizing the density of productive culms, creating efficient seedbeds with the help
of presowing equipment, and embedding seeds no deeper than the average coleoptile length of the
given variety (Table 6).
Table 6. Phytosanitary state of spring wheat sown by an optimized technique (average for eight
farms), 1998–2005
Planting density

Index
low: fewer
than 400
plants/m2

optimum: 450–500 plants/m2
absolutely

deviation, times

15.4±2.1

7.5±2.9

–2.1

3.2±0.9

2.1±0.6

–1.5

11.5±4.4

5.2±3.7

–2.2

144±31.7

76±3.1

–1.9

99.5±29.6

27.8±5.2

–3.6

16±1.7

20±2.2

+1.3

Weight of 1000 grains, g

32.0±3.2

37.5±2.7

+1.2

Productivity, tons/ha

1.8±0.4

3.8±0.9

+2.1

Development of root rots, %:
Stem pests:

ind./m

2

culms damaged, %
Weed infestation:

2

specimens/m

2

phytomass, g/m
Grains/spike

The biological efficiency of this technique was 29.7 % against root rots, 50% against stem pests
damaging sprouts, and 66.6% against weeds. The productivity of optimized plants increased by an
average of 4.9 hkg/ha (25%), and the profit doubled.
Noxious-organism communities on spring wheat are dominated by leaf-and-stem species (62.0%).
Exactly against this group, pesticides are applied to large areas to prevent disease or depending on the
ET. When environment-friendly techniques are developed, the aim is to apply pesticides only locally,
in primary epidemic foci where noxious organisms are concentrated. Their spread has to be prevented
so that pesticide application in agricultural ecosystems is reduced dramatically.
Leaf-and-stem pathogens are capable of rapid mass reproduction (7–10, up to 20 days) owing to the
chain mechanism of droplet transmission and substantial adaptation to spatial dispersal, up to plant
epidemics and pandemics (Kranz, 1985; Toropova, 2005; Zadoks and Chein, 1979).
The mass reproduction of leaf-and-stem pathogens is initiated by the weather, especially precipitation
(Fig. 2).
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Steppe

%
50
45
40
35
30
25
20
15
10
5
0

Forest steppe
Мм

76

80
46.2

70
60
50

29.8

17

15

18

5
0.8
23.7

30.7

8.8

28.8

63

60

58

50
45

40

40

30

30

20

20

10

10

0
18.8

70

0

32.2

28

25
18

12

5
0

18.7

00.1

22.7

2.4

0.2

30.7

7.8

18.8

Precipitation, мм

Precipitation, мм

Development of Septoria blight,%

Development of Septoria blight, %

Development of leaf rust, %

Development of leaf rust, %

Fig. 2. Dynamics of leaf-and-stem infections of spring wheat in the steppe and forest steppe zones of
West Siberia in years of plant epidemics
The figure shows that the first manifestations of leaf rust and Septoria blight in years of plant
epidemics appear in the steppe and forest steppe zones of the region, as a rule, in July, when wheat is
at the stages of flag leaves and flowering. The disease remains sporadic until precipitation (often 76–
111 mm) in July and August exceeds the annual mean by 2–3 times. Until this time pathogens cannot
be transmitted horizontally by the droplet mechanism. Rainy weather causes an epidemic outbreak
already 2–3 days later. The disease reaches a critical level of 5%, when decisions about applying
fungicides should be made on the basis of a short-term weather forecast. Three more days later, the
disease reaches the DT. Without fungicidal treatment the infection with leaf rust increases by nearly
60 times in 20 days, reaching the epidemic level. This suggests that the epidemic process (EP) has
explosive dynamics owing to the chain mechanism of uredospores transmission. Similar data were
obtained on Septoria blight, whose development often parallels that of leaf rust. This pathogen reaches
the DT 2–3 days later in warm years at an average air temperature above 20 ºС and, vice versa,
occupies its ecological niches earlier and more actively in cool years. According to 23 years of counts
and observations, large-scale epidemics of leaf rust and Septoria blight in the forest steppe of the
Novosibirsk Region and the Altai Territory occur once in 3–4 years; in the southern forest steppe of
the Omsk Region, they are more rare (approximately once in 5–6 years). Localized epidemic
outbreaks and plant epidemics are documented in Siberia almost yearly. As a result, farmers have
begun applying fungicides more often, because they substantially increase the productivity of grain
and improve its quality. The fungicides most widely used in Siberia are Falcon (Bayer Crop Science
AG), 0.6 L/ha; Kolosal’ (Avgust CJSC), 0.5 L/ha; Alto Super (Syngenta Crop Protection AG), 0.4–
0.5 L/ha; Tilt (Syngenta LLC), 0.5 L/ha. Liquid was spent at 200–300 L/ha. The cost of fungicide
application on all the farms varied from 600 to 800 rubles/ha, so it paid off by 5–6 times.
Experimental data and experience show that single fungicidal treatment is enough in Siberia and
twofold treatment does not always pay off in the market economy. What is more, the danger arises that
resistant forms of plant pathogens appear along with other negative environmental consequences of
increasing pesticide application. Therefore, to prevent early development of leaf-and-stem infections
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and exclude repeated fungicide application, we treated seeds with systemic fungicides and used
phytosanitary techniques based on the agricultural method. Seed treatment with systemic fungicides
can delay the onset of epidemics of leaf-and-stem infections for 5–7 days (Toropova et al., 2008).
Growing relatively resistant varieties of spring wheat (Lutescens 25, Rossiyanka, Irtyshanka) in the
forest steppe of the Novosibirsk Region can break the EP of leaf rust if the epidemic is moderate (the
disease level decreased from 13–17 to 0.2%) and reduce it substantially (from 50 to 30–35%) if it is
severe. The following measures are efficient in inhibiting the EP of leaf rust: ensuring balanced
mineral nutrition of plants (especially N–NO3); localizing primary epidemic foci on winter cereals and
perennial Poaceae; selecting early sowing terms (for example, until May 15 in West Siberian forest
steppe); creating the optimum density of productive culms; doing conservation tillage. The
development of Septoria blight was reduced from 28.2 to 7.7% owing to introducing preceding crops
(soybeans, rape, corn, fallow, and others); ensuring balanced mineral nutrition (N–NO3); plowing,
especially after plant epidemics; spatial isolation of new plants from last-year ones, and other
measures. Thus, since fungicides are a highly efficient, but costly and environmentally hazardous
means, their application during the growing season is justified only as part of phytosanitary techniques
and a necessary supplement to agricultural measures.
The phytosanitary measures are shown in Table 7 in seasonal–phenological sequence.
Table 7. Phytosanitary techniques for growing spring wheat, in seasonal–phenological sequence
Term

Measure

1

2

Fall,

1.Determining the phytosanitary state of soil: taking soil samples and doing excavations

after the
preceding
crop is
harvested

2.Controlling vegetating perennial weeds
3.Removing straw from the field after epidemics of Septoria blight
4.Applying PK or NPK fertilizers
5.Doing tillage
6.Preparing seeds for sowing according to the State Standard (GOST)

Winter

7.Analyzing the level of soil infestation with plant pathogens and plant helminths. Compiling
phytosanitary soil cartograms
8.Soil rehabilitation: applying organic fertilizers (straw, high stubble cut, green manure);
replacing nitrate fertilizers with ammonia; excluding repeated sowing and barley; introducing
preceding crops
9.Planning the phytosanitary optimization of crop rotation with respect to terrestrial noxious
organisms (spatial isolation of wheat plants from the infection source, expanding areas
occupied with entomophilous plants)
10.Selecting varieties resistant to noxious organisms
11.Accumulating (retaining) snow

Winter–
spring

12.Inspecting seeds and making decisions about their warming, calibration, and treatment to
improve their quality
13.Installing devices for controlling the seeding rate and evenness
14.Early spring harrowing (1–4 sections)

Sowing
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16.Selecting the best sowing term
17.Sowing into the efficient seedbed
18.Sowing nectariferous plants for 0.5–1 km around for entomophages attraction
After sowing

19.Identifying primary epidemic foci and localizing them
20.Harrowing with seed harrows before sprouting
21.Considering the sprout density and evenness as well as the sowing depth

Sprouting

22.Estimating the abundance of pests and making a decision about the necessity of
insecticides and the technique for their application

Tillering

23.Estimating weed infestation and making a decision about the necessity of herbicides and
the technique for their application

Flag leaves,
earing

24.Estimating infestation with leaf-and-stem pathogens and pests, making a short-term
prediction of their development, and making a decision about the necessity of pesticides and
the technique for their application
25.Estimating the damage done to the root system by cereal cyst nematodes

Before
harvesting

26.Inspecting sheaves to assess the yield-structure elements, the epicotyl length, the
development of root rots, and other parameters
27.Cleaning and disinfecting granaries
28.Mowing the fringe drills and collecting grain from them in separate storages

Harvesting

29.Direct or swath harvesting. Weeds are collected in tanks for utilization

Fall–winter

30.Analyzing the efficiency of the techniques and improving them

Environment-friendly measures make up over 80% of agricultural techniques. They begin in fall (after
harvesting the preceding crop) and end with harvesting the crop and bringing it into compliance with
the standards. Depending on the phytosanitary state of soils, seeds, and plants as well as the equipment
available on each farm, the phytosanitary techniques are specified and discussed with experts and
managers.
4. CONCLUSIONS
Agricultural techniques improve the formation of the main yield-structure elements in different ways.
The basic phytosanitary techniques ensuring the best density of productive culms are the following:
creating a stock of healthy seeds with good sowing qualities and productivity; calibrating, warming,
and treating seeds on the basis of inspection; selecting the best seeding rate; creating efficient
seedbeds; applying NP fertilizers (15–20 kg a.s./ha); protecting sprouts from weeds and pests by
applying pesticides. The number of grains in a spike is optimized by selecting the best early sowing
terms; introducing phytosanitary crop rotation and preceding crops; doing conservation tillage and
water retention; applying organic and mineral fertilizers; applying pesticides with regard to the
economic threshold and predicted development of noxious organisms. The large weight of 1000 grains
is achieved by nitrogen top-dressing, applying environment-friendly pesticides with regard to the
economic threshold, selecting the best harvesting terms and techniques, and taking timely measures to
bring the seed quality into compliance with the State Standards.
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The environment-friendly phytosanitary techniques based on the agricultural method were tested on
more than 20 farms in the Novosibirsk, Kemerovo, Omsk, and Kurgan Regions as well as the Altai
and Krasnoyarsk Territories. The test area was about 1.5 million ha; the economic benefit, over one
billion rubles. Large-scale application of safe phytosanitary techniques renders soils, seeds, and
transplanting stock much healthier. Owing to these techniques, Siberia will be able to produce clean
agricultural products, which will be competitive in the domestic and foreign markets.
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Abstract
The data on forming the pollution of the selitebic territory of the town of Chita (Russia) during the
low-based forest fires in April 2008 are represented in this work. The comparison of the calculation
results of emissions and the monitoring findings has been performed. The morbidity and mortality indices
among the population of the town of Chita were found to increase during the days with the intensive
air pollution.
Key words: forest fires, pollutants, emission, morbidity, mortality
1. INTRODUCTION
The consequences of the natural fires may be divided into ecological and social-economic ones. The
structure destruction and the function disorders of the natural ecosystems, the alteration of the
biogeochemical cycles, the soil humification processes on the territories exposed to pyrogenic factors
are known to concern with the number of serious ecological consequences ( Coluzzi et al., 2010;
Alexis et al., 2007). Prescribed burning is a beneficial tool for reducing wildfire hazard and
competing vegetation, and for improving forage value of the forests (Reinhardt, 1991). The potential
impact of smoke from prescribed burning on occupational and community smoke exposures and
related health effects is a growing concern. For instance, several studies have demonstrated that
prescribed burning (Yanosky, 2001; Carlton, 2004) and wildland fires (Materna et al., 1992; Reinhardt
and Ottmar, 2000; Reinhardt et al.,2000) can result in firefighter personal smoke exposures high
enough to warrant occupational health concern. Further, several studies have demonstrated or
suggested adverse firefighter health effects from these increased exposures (Letts et al., 1991;
Rothman et al., 1991; Liu et al., 1992; Serra et al., 1996; Betchley et al., 1997; Slaughter et al., 2004).
A number of studies have also demonstrated or suggested adverse health effects in individuals from
communities exposed to smoke from wildland fires (Duclos et al., 1990; Sorenson et al., 1999; Mott et
al., 2002; Sutherland et al., 2005), although other more limited and less generalizable studies have
found little to no association between these exposures and health (Copper et al., 1994; Smith ey al.,
1996).
The people and the material losses were revealed to be more significant social-economic consequences
of the natural fires, the prevalence of which continues to be high in many planet regions in the recent
years (Vadrevu et al., 2010; San-Miguel-Ayanz et al., 2009).
So, as evidenced by the preliminary assessment, about a half of the summary economic loss because of
the natural fires in 2010 in the European part of Russia has been stipulated for the health disorders
(death of people, the higher applying for medical aim).
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2. METHODS
The Zabaikalye region belongs to a number of the territories with a high degree of woodiness where
the forest proportion, mainly the light-coniferous ones, is known to amount more than 60 % of a
common area of its territory. More than 40 % of the forests in this region are known to have the fire
danger of high classes and high burning degrees. The more fire dangerous period in this region is
known to be correlated with the spring months when the high air dryness with the prevalence of windy
weather may lead to strong drying up the soil surface and form the favorable conditions for the
occurrence and development of the forest fires. The forest fires in the neighborhood of the populated
areas may contribute to the air pollution and they are known to be one of the causes of their forming
the smoke-screen. For example, the heaviest smoking has occurred in Moscow due to the wild fires in
the central regions of Russia in 2010 that is why the maximal concentration of CO, specific
hydrocarbons and the total PM was significantly higher than the allowed level, already in the first
decade of August 2010. The suspended particles with size 10 micrometers (PM10) or less (0.0004
inches or one-seventh the width of a human hair were found to be more dangerous for human health).
Major concerns for human health from exposure to PM10 include: effects on breathing and respiratory
systems, damage to lung tissue, cancer and premature death. Although new scientific studies suggest
that the fine particles (smaller than 2.5 micrometers in diameter) may cause the serious adverse health
effects. This work aimed to calculate the concentrations of CO, NOx, total PM (TPM) in the distance
from the fire focus to the points according to the observation posts for the concentration of the air
pollutants on the selitebic part on the example of the spring forests fires in 2008 in the vicinity of
Chita in Zabaikalye. To characterize the forests fires, the data of the territorial Department of State
Forest Service in Chita of Zabaikalye have been used. The data of the observation posts have been
presented by the Centre of Hydrometeorology and the environmental monitoring with the regional
functions (Chita). Values of multiple monitors’ data for TPM and gaseous pollutants dust, SO2, NO2,
NO, H2S, formaldehyde and CO. Weather variables from the Chita were also distributed in this data
set including: daily mean temperature, relative humidity, precipitation, pressure, resultant wind speed
and direction. The calculation algorithm of the summary emissions of the pollutants to the atmosphere
for the low-based forest fires as well as the relative values of the emission coefficients have been used
to assess the pollutant volumes:

M ai = S j × K j × K ai × m30 j

(1)

Equation (1) is Sj - forest territory area being passed with fires, m2; Kj – burning fullness coefficient (0.5); Kαj –
alpha-pollutant emission coefficient, kg/kg; m30j – combustible forest material emergence, kg/m2.
The theoretically-probability mean maximal value of the pollutant concentration (Cm) in the point X
during the time moment (t) was calculated using the equation:

Cm = K ×

é 1 x ù
P
× exp ê- ( 3 ) 2 ú
p ×s 2 ×s 3 ×U
ë 2 s3 û

(2)

Equation (2) is Р(х', t') – source productivity in the point х' during the moment t'; уi(ф) – standard
deviations (i – 1, 2, 3; ф ‒ t-t'); K – coefficient taking into account emission source type; х3 – height of
the pollutant emission source.
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We are calculated Hazard coefficient (HQ), by formula 3, Hazard Index (HI), by formula 4.

HQ =

Cm
Rfc

(3)

Equation (3) is Cm – maximal pollutant concentration (mg/m3), Rfc – recommended WHO for
inhalation exposure reference concentration (mg/m3).

HI = å HQ

(4)

3. RESULTS
Mass of pollutants is designed for every 5 days in April 2008. The mass calculation results of toe
summary pollutant emissions and square of fire are presented in Table 1.
Table 1. Pollutant mass released in low-based forest fire in april 2008 on the territory of chita
territorial region of Zabaikalye
Substance

Pollutant mass, ton
1.04 – 5.04

6.04 – 10.04

11.04 –
15.04

16.04 –
20.04

21.04 –
25.04

26.04 –
30.04

СО

9.39

13.21

43.48

718.96

45.19

5.56

NОх

0.03

0.04

0.13

2.16

0.14

0.02

Soot burning

0.10

0.14

0.45

7.46

0.47

0.06

Smoke burning

0.97

1.37

4.51

74.56

4.69

0.58

Soot smoldering

0.76

1.08

3.54

58.58

62.26

0.45

Smoke

3.82

5.38

17.71

292.91

18.41

2.27

25.3

35.6

117.2

1938

121.8

15.0

smoldering

Sfire, hectare

The summary pollutant emission mass was found to increase according to the fire area. The
higher emission masses, independent on the fire area, were characteristic for CO and TPM
formed in smoldering the forest combustible materials (Soot smoldering and Smoke smoldering).
The calculated concentrations of air pollutants formed during forest fires and characterized
with the most significant contribution to the common emissions of the pollutants studied are
given in Table 2.
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Table 2. Concentration of pollutants
Pollutant concentration, mg/m3
P, g/s

СО
burning
UMC

TPM
post data

wind

burning
UMC

post data
wind

Pmax

693.0

22.92

4.0

338.79

11.21

1.2

Pmin

0.34

0.01

1.0

0.17

0.006

0.04

The higher concentrations calculated were observed on 10 km distention from focus to fire to be under
the unfavorable meteorological conditions (UMC), the distinctive sign of which was the lowest wind
rate and the unbroken covering clouds. The calculated concentrations were significantly found to
change with the wind rate 3 m/s reducing about 30 times. The coefficient value taking into account the
emission source type (K) was noted to be equally1.
The further study on the regularity of the alterations of this coefficient, however, may make the
corresponding alterations into the original equation (2) and the final results of the maximal pollutant
concentration calculation at the given distance from the emission source. The real data of the
observation post testify the increase in the contents of CO 4 times, the TPM 30 times, NO2 2 times on
the day with the largest fire area and source productivity (Prnax) compared with the day with the
minimal fire area
Noteworthy, the wind of north-east direction with rate 2 m/s was observed to be on the day (Pmax).
High productivity of a forest fire over a large area has led to large concentrations of pollutants
estimated. The results of calculations are compatible with the CO and TPM at the observation posts
well. Taking into account the admixture activity trends emitted to the atmospheric air the disease
priority classes have been determined in the formation of which the air quality may play a significant
role (the respiratory diseases and the circulation organ diseases). Formaldehyde, nitrogen dioxide,
TPM, carbonic oxide, sulfur dioxide is known to belong to the ingredients giving the danger level for
the classes indicated. The hazard index (HI) stipulated for the short-term exposure was found to be on
the average 3.91. The maximal HI = 19.1 was observed to be in April on the day with the dangerous
wind rate. The analysis of the climatic parameters testifies that the higher pollution levels are just
observed to be in these days. The prevalence of the daily death cases based on these causes is
considered. It was found that on the average 0.22 death cases were registered due to the diseases of the
cardiovascular system per day and 0.032 - because of the pathology of the respiratory organs. 3.0
death cases due to the cardiovascular diseases (CVD), 1.0 - due to the respiratory organ diseases
(ROD) have been registered on the day with the maximal HI level. The daily applying for the argent
medical aim based due to the causes of studying was not practically differed and it was 10.5 (CVD)
and 10.2 (ROD) of cases in average.
Noteworthy, that the number of the applying was found to increase 2.2 (CDV) and 2.8 (ROD) times on
the day with the maximal index (HI) respectively. The statistically significant correlation (rsp = 0.46)
was revealed to occur in the periods of increasing in the health risk due to the short-term exposure 5
and more times as indicated by the analysis of the pollution data, the applying for the urgent medical
aim, mortality because of the respiratory organ diseases and the circulation organ diseases.
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The informatively assessment of the environmental factors for forming the population mortality rate
has been performed using the method by Shepard. The following more significant factors influencing
on the population health disorders during the fire periods have been revealed: the wind rate, the TPM
contents, air temperature, the contents of soot and formaldehyde.
A number of the significant predictors on the days without the fire may have another order (Table 3).
Table 3. Predictor significance for forming the population mortality among the population of Chita
Predictor

Forest fire days

Days without fires

Т

0.00187374

0.001851672

Dust

0.00192444

0.001409489

Wind rate

0.00198033

0.001171839

Formaldehyde

0.00069317

0.0005481

Soot

0.00108673

0.000358247

NO2

0.00025727

0.000140791

СО

0.00054003

0.000126559

SO2

9.5711

6.06792

It is naturally that the health disorders may lead to the significant economic losses, assessed as a whole
to be 8.2 millions of dollars. Maximum portion of total economic losses associated with the higher
mortality rate, the loss proportion because of the higher applying less than 1. The following
organization and preventive measures on reducing in the ecological consequences of the forest fires on
the territory of Zabaikalye have been developed based on the results indicated.
·

Reducing in the intensively of the forest visits 1.5 times in the period from April to July.

·

Enhancing the antifire service and foreseeing the financial support for the emergency measures on
the event of a large fire during the potential risk period.

·

On the days of massive forest fires not far from the populated areas it is needed to foresee:
reducing in the emission power from the stationary air pollution ounces (10 – 30%); decreasing in
the intensively of the auto transport across the more polluted municipal zones (15 – 40%);
increasing in the number of the urgent medicine teams and the purposeful inclusion of the
additional cardiological teams (1.5 times).

3. FINALLY
Sо, based on the algorithm which was used in this work and the calculation conditions of the pollutant
concentrations formed in the low-based forest firеs it may be concluded: first, the plane pollutant
emission source with a high productivity is formed on the significant forest fire area осcured for a
relatively short-term time periods. Secondly, the pollutant concentration was significantly altered in
.the direction from its fire focus during burning and smoldering processes till the selitebic zone of the
populated area under condition of the wind only. Thirdly, the potential risk of negative effects
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stipulated for the acute inhalation exposure was found to increase on the days, of the fires, as
evidenced by the growth of the daily mortality and morbidity rates among the population.
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Abstract
The object of the research is reed canarygrass (Phalaris arundinacea L.) and common reed
(Phragmites australis). The aim of the research: to estimate and compare the amount of chemical
elements in the dry matter of reed canargrass and common reed grown in ecosystems in lakes of
Eastern Latvia.
Arsenic (As), cadmium (Cd), lead (Pb), titanium (Ti) and other chemical element concentrations in the
reed canary grass and common reed samples in 2009 and 2010 were determined with the inductively
coupled plasma optical emission spectrometer Perkin Elmer Optima 2100 DV.
In second year crops heavy metals were not detected in canary-grass variety 'Marathon' (except for a
little As), which shows the benefits of RCG regarding environmental pollution. In each lake there was
a different chemical element concentration for the growing reeds, independent of the lake depth and
area. The highest pollution level for Pb was found in Aulejas lake for the reed and the canary grass
growing wild on the lakeshore. Ash content ranges from 3.1% to 6.44% in wild canarygrass and from
1.52% to 5.31% in lake reeds, which indicates that these plants can be used as an additive for biofuel
production.
Key words: Phalaris arundinacea L., Phragmites australis, chemical elements, ash, lignin
1. INTRODUCTION
In Latvia renewable energy occupies one-third of the primary energy total, which will be increased to
37% by 2016 (Atjaunojamo..., 2006).
From Latvian Rural Support Service data, in 2010 there was about 361,000 ha of neglected or
overgrown agricultural land that could be used for the cultivation of energy crops . Also one of the
potentially usable types of biomass is reed (Phragmites australis) grown in lakes and water-logged
areas of Latvia.
For biofuel production it is essential to analyse the chemical composition of reeds and canarygrass.
Currently reeds are used only in small amounts for rural buildings. In its energy content the common
reed is almost equal to wood chips (Komulainen et al., 2008). Lakes constitute about 1000 km2 or
1.5% of the national territory of Latvia. The number of lakes larger than 1 ha is 2256, 16 lakes are
greater than 10 km2 and add up to 45% of the total area for lakes in Latvia; the lakes are characterized
by eutrophication. Cutting and harvesting the reeds can decelerate the eutrophication process. In
Europe reeds have been used for a long time, mainly for construction and industry (producing
cellulose). Reed can be cultivated. The life cycle of reed canary grass plantation is several years.
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During the first two years, the growth is not harvested. In the first harvesting 7600 kg of dry matter
per hectare was measured (Lindh et al., 2005). Studies of the reeds’ extraction impact on wildlife
(Valkama et al., 2008), show that the harvesting of reeds has a significant impact on reed beds, reeds
are shorter and thinner . However the harvesting of reeds is feasible without a negative impact on
ecosystems by determining optimal reed cutting intervals. Investigations prove that short-term reed
cutting (1 - 2 years) has no impact on biotopes (Valkama et al., 2008). Canarygrass (Phalaris
arundinacea L.) has a strong root proliferation, which allows for coping with the drier periods.
Canarygrass can cope with long-term flooding, also it protects the soil from erosion by water.
Canarygrass gives a full yield in the third year after sowing. (Augkopība, 2004; Enerģētisko..., 2007;
Ceļvedis..., 2008; Lazdiņa et al., 2008). Canarygrass is suitable for biomass production because of its
production cycle which exceeds ten years, (Lazdiņa et al., 2008, Energy from ..., 2009), and perennial
grass crops have a positive impact on the environment because they reduce soil erosion and improve
soil quality (Enerģētisko..., 2007, Sanderson et al., 2008; Wrobel et al., 2009). However the benefits
from them could be negated by the presence of heavy metals.Some of the trace elements, including Fe,
Mn, Zn, Cu, have significantly different chemical reactions in living organisms. They are naturally
present in low concentrations in agricultural soils; however, this is increased by pollution from
industrial and traffic emissions, atmospheric deposition from urban waste, agricultural and industrial
enterprises(Korkmaz et al., 2010).Straw, grain, grass and grains can contain relatively high levels of
Cl, S and alkali metals, which are particularly relevant to corrosion and sludge formation
(Biedermann et al., 2005). Since the ash can be used as a fertiliser, the importance of trace elements is
very great in pellets (arsenic, lead, etc.) (Tardenaka et al., 2006). Biomass ash contains relatively little
Ca, but it has a high K and Si content, that is why sinter is formed and why it melts at a significantly
lower temperature than the ashes from wood fuels (Biedermann et al., 2005). The residue which does
not burn consists of ash and moisture. (Cars, 2008).Naturally occurring lignin (protolignin) is of
several types which are typical of deciduous trees, conifers and grasses. Each type has many
variations: lignin may be different for each species, each group of plants, and at the same time, even in
a single cell, as well as the age of the plant (McCrady, 1991; Zaķis, 2008; Lignin ..., 2009). In pellet
production chemical contamination is not desirable (glue, varnish, etc.), so the lignin is very
important as a binder to keep the granules together and stop them breaking down. Lignin improves
thermoclinical energy conversion efficiency (Boateng et al., 2006).
The aim of the research: to estimate and compare the amount of chemical elements, lignin and ash
content in the dry matter of reed canarygrass and common reed grown in ecosystems in the lakes of
Eastern Latvia for bioenergy production.
2. MATERIALS AND METHODS
The object of the research is reed canarygrass (Phalaris arundinacea L.) and common reed
(Phragmites australis).
The natural reed canarygrass (RCG) and common reed (CR) samples (three replications) were taken in
ten lakes on the 6th – 12th October 2010, but in March 2010 the samples of reed were taken from seven
lakes. Sampling metric coordinates are represented in Table 1.
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Table1. Natural reed and canarygrass characteristics of sampling points and the coordinates
Sampling points

Lake
area, ha

Middle
depth, m

Aksenovas lake*

118.0

Aulejas lake*

Reed canarygrass coordinates

Common reed coordinates

x, m

y, m

x, m

y, m

3.5

691235.905

6214541.213

691235.628

6214542.230

190.4

2.7

703439.198

6217342.695

703437.667

6217345.297

Biržkalna
lake**

272.2

2.7

693794,630

6226019.571

693807.242

6226041.884

Cirišs lake**

630.6

4.1

687127.407

6224050.534

687115.440

6224051.012

Geranimovas
Ilzes lake**

327.8

9.8

696458.047

6227157.282

696467.636

6227168.698

Kvāpānu lake*

644.0

0.6

679657.527

6296378.965

679700.553

6296347.261

Kustaru lake*

144.2

10.5

701350.684

6223394.499

701345.200

6223391.508

Lubānas lake*

8070.0

0.7

673518.402

6299114.463

679299.175

6298338.918

Rušona lake*

2373.0

2.9

684474.467

6230395.557

684493.134

6230388.891

Sīvers lake*

1759.0

6.3

703983.560

6214284.048

703995.741

6214281.257

*- < 100 m from the sampling site is a local road with a gravel surface .
**- < 100m away from the sampling site the regional road P-60 with an asphalt pavement is located.

Arsenic (As), cadmium (Cd), lead (Pb), potassium (K), calcium (Ca), sodium (Na) and silicon (Si)
concentrations (two replications) were measured in the RCG and CR samples with the inductively
coupled plasma optical emission spectrometer Perkin Elmer Optima 2100 DV. The ash content (three
replications) was measured with the accelerated standard method. Lignin content (three replications)
in samples was determined using the method of Classon (Zaķis, 2008). The differences between
sample repetitions are no more than 5%.
The field test with RCG variety ‘Marathon’ was carried out in sod-podzolic loamy soil (the organic
content of the soil - 5.2%, pH KCl - 5.8, P2O5 - 20 mg·kg-1, and K2O - 90 mg·kg-1 of the soil) in 2010
(x – coordinate – 683007.138 m; y – coordinate – 6273207.865 m). The area of the plots was 16 m2,
the location of the plots was randomised. The RCG was sown after bare follow. Before sowing a
complex fertiliser was applied N:P:K - 5:10:25 - 400 kg·ha-1. The RCG variety ‘Marathon’ was sown
on the 12th August in 2008 (henceforth ‘Marathon’ 08) and 29th April in 2009 (henceforth ‘Marathon’
09). The nitrogen supplementary fertiliser rates: N0 - control, treatments - N30, N60, N90 kg·ha-1. N
fertiliser (ammonium nitrate) was applied on the 20th May 2009 for ‘Marathon’08, and 22nd July 2009.
‘Marathon’09, and 21st April 2010. On the 13th April 2010 the RCG plant growth was renewed. The
Dry matter (DM) samples were taken from 0.25 m2 areas on three replications on the 12th October
2009 and 6th October 2010.
In the winter of 2009/2010 snow was observed to be greater and the temperature was lower than the
long-term yearly average. On the 23rd and 24th of April 2010 there was snow and hail. The plant
growth period in 2010 was characterized by higher temperatures and a lack of precipitation in April,
July, August and September.
The trial data were processed using correlation and variance analyses of two factors (ANOVA) and
descriptive statistics. The means are presented with their LSD test. Representative average samples of
the indicators were used in the calculations.
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3. RESULTS AND DISCUSSION
In Latvia timber resource is finite and replanting is a long process, so research has to be done on a
variety of energy producing plants, which could be added to wood pellets. In the research the
cultivated canary grass is compared with the wild growing canary grass,as well as the reeds growing in
the nearby lakes.
In assessing the composition of chemical elements in the canarygrass variety 'Marathon', it is observed
that the second year crop does not contain Cd, Pb; and As content is significantly decreased (Fig.1),
although in the first harvest of RCG, heavy metals were found- Cd, Pb, As (Poiša et al., 2010). This
means that the canarygrass had a positive impact in improving soil quality. With N fertiliser rates
increasing, samples of RCG had decreasing amounts of Na, Si, As, but the amount of Mg increased
(Fig.2).
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Fig. 1. The heavy metals in the dry matter of reed canarygrass yield depending on N supplementary
fertiliser rate and sowing time.
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Fig. 2. The chemical elements – Si, Na, Ca, and K - in the dry matter of reed canarygrass second year
yield depending on N supplementary fertiliser rate and sowing time.
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In our study the resulting ash content ranges from 3.1% to 6.44% in natural canarygrass and from
1.52% to 5.31% in lake reeds (Fig. 3). The high ash content of the common reed is a problem for the
incineration both in small and big furnace constructions. The ash content and the chemical properties
of ash are different in summer and in winter. The ash content in common reed is at its lowest in winter
- 2 - 4%, in summer 4 - 6%. Ash content of reed canary-grass is about 5.5 % (Valkama et al., 2008). In
CR a high lignin content was found, and there are great variations in samples from different areas. CR
lignin content was in the range of 27 - 45%, RCG lignin content was slightly lower than in CR from
26% -35% (Fig.3).

10

Fig. 3. Ash and lignin content in RCG and CR in samples of October 2010, where 1 - Aksenovas lake;
2 - Aulejas lake; 3 - Biržkalna lake; 4 - Cirišs lake; 5 - Geranimovas Ilzes lake; 6 - Kvāpānu lake; 7 Kustaru lake; 8 - Lubānas lake; 9 - Rušona lake; 10 - Sīvers lake.
Heavy metal concentrations in wild samples differ significantly, in the RCG it is much lower than in
the CR, which shows that CR during growth absorbs well the heavy metals from the lake sediment.
(Fig. 4). Comparing the CR samples taken in October and March it shows that the sample taken in
March has lower Cd and Pb content. In RCG Cd is not found, but in CR it is found in all samples
collected in October, with a range of 0.18 to 0.47 mg kg-1. In the samples collected in spring in
Lubānas and Ciriša lakes Cd is not found, in other lakes Cd concentration is in the range of 0.08 to 0.4
mg kg-1.
RCG Pb was found in 5 of the 10 samples taken, and its concentration in comparison with the CR
sample is small 0.4 to 1.2 mg kg-1. High Pb content was found in reeds, in the autumn samples it
ranges from 5 - 15 mg kg-1 which indicates the presence of Pb in the lake sediment. In spring CR Pb
sample concentration was slightly lower 5 - 11 mg kg-1. The highest pollution with Pb is found in
reeds growing in Aulejas lake and in the natural canary grass growing at the lakeside.
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Fig. 4. The chemical elements – Cd and Pb - in the dry matter of natural reed canarygrass and
common grass samples depending on the lake, where 1 - Aksenovas lake; 2 - Aulejas lake; 3 Biržkalna lake; 4 - Cirišs lake; 5 - Geranimovas Ilzes lake; 6 - Kvāpānu lake; 7 - Kustaru lake; 8 Lubānas lake; 9 - Rušona lake; 10 - Sīvers lake.
Arsenic content in wild RCG is less than in CR samples. RCG As content was in the range of 90-110
mg kg-1, As concentrations in all lakes for CR samples were similar. Both autumn and spring samples
contained As in the range of 160 mg kg-1 to 230 mg kg-1 (Fig. 5).
Na content in RCG samples varied between 50 mg kg-1 - 220 mg kg-1, in CR samples it is
approximately double, the average between 100 - 400 mg kg-1, no significant differences between
samples of reed from the autumn and spring.
Even within one genus differences in silica content of representative species can be quite significant.
Silicon assimilation processes in plants is related to transpiration (the evaporation of water through
leaves) and is generally proportional to the intensity of transpiration (Zelcans et al.,1976). Si content in
RCG is higher than in the CR samples, respectively, 140 mg kg-1 - 450 mg kg-1 RCG; and 50 mg kg-1 280 mg kg-1 CR samples. A CR sample collected in the autumn has a higher content than in spring.
Respectively: 100 - 280 mg kg-1 in the autumn and 50-180 mg kg-1 in the spring.
Silicon reception in plants has several characteristics in common with the assimilation of calcium; that
the same tissue and cell groups are used, and the same means of secretion. A silicon compound
strengthens plant stalks, thereby preventing plant collapse (Zelcans et al., 1976).

176

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

Journal of International Scientific Publications:
Ecology & Safety, Volume 5, Part 1
ISSN 1313-2563, Published at: http://www.science-journals.eu

Na, Si, As, mg kg-1

600
Na

500

Si

400

As

300
200
100
0
1

2

3

4

5

6

7

8

9 10 1

2

October samples of RCG

3

4

5

6

7

8

9 10 2

October samples of CR

3

4

6

8

9 10

March samples of CR

Fig. 5. The chemical elements – Na, Si, As - in the dry matter of natural reed canarygrass and common
grass samples depending on the lake, where 1 - Aksenovas lake; 2 - Aulejas lake; 3 - Biržkalna lake; 4
- Cirišs lake; 5 - Geranimovas Ilzes lake; 6 - Kvāpānu lake; 7 - Kustaru lake; 8 - Lubānas lake; 9 Rušona lake; 10 - Sīvers lake.
Natural RCG has the highest Ca and K content compared to the CR samples. RCG Ca content ranges
from 1200 mg kg-1 to 3000 mg kg-1, in CR 750 mg kg-1 to 1800 mg kg-1, no significant differences
between autumn and spring collected CR samples (Fig. 6).
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Figure 6. The chemical elements – Ca and K - in the dry matter of natural reed canarygrass and
common grass samples depending on the lake, where 1 - Aksenovas lake; 2 - Aulejas lake; 3 Biržkalna lake; 4 - Cirišs lake; 5 - Geranimovas Ilzes lake; 6 - Kvāpānu lake; 7 - Kustaru lake; 8 Lubānas lake; 9 - Rušona lake; 10 - Sīvers lake.
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Also, canary-grass contains more Ca, K, Si, which means that the ash will have an alkaline reaction.
That is a good result, because the ash is used to improve acid soils, but it is not desirable for the
production of biofuel, because the it will have a low melting temperature and sinter will be formed.
Assessing correlative relationships between the various chemical elements it can be seen that the
canarygrass variety 'Marathon' has a significant correlation (p<0.05) between Mg and As, As and Ca,
Ca and ash content (Table 2). The natural canarygrass significant correlation (p<0.05) had it only
between the Na and K, but the lake reeds had no significant correlation (Table 3, Table 4). This means
that without the N fertilizer in the natural canarygrass it did not have a significant chemical element
relationship.
Table 2. Relationship between chemical elements, lignin and ash content in reed canarygrass variety
‘Marathon’ in yield 2010
As

Ti

Si

Ca

Na

K

Mg

Ti

0.172

Si

0.646

-0.574

Ca

-0.852*

-0.513

-0.243

Na

0.716

0.474

0.072

-0.717

K

-0.796

-0.193

-0.594

0.740

-0.379

Mg

0.842*

0.617

0.239

-0.827

0.815

-0.679

Lignin

0.172

-0.101

0.323

-0.212

-0.352

-0.172

0.027

Ash

0.704

0.525

0.171

-0.906*

0.506

-0.822

0.688

Lignin

0.109

* Correlation is significant at the 0.05 level

Table 3. Relationship between chemical elements, lignin and ash content in samples of natural reed
canarygrass in October 2010
As

Pb

Ca

Na

K

Si

Pb

-0.646

Ca

0.526

-0.021

Na

0.106

-0.094

-0.044

K

0.393

-0.422

0.071

0.909*

Si

0.713

-0.305

0.251

0.260

0.323

Lignin

0.051

-0.317

-0.277

-0.130

0.051

0.214

Ash

0.386

-0.453

0.016

-0.141

-0.027

0.687

* Correlation is significant at the 0.05 level
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Table 4. Relationship between chemical elements, lignin and ash content in samples of natural
common reed in October 2010
As

Cd

Pb

Ca

Na

K

Si

Cd

0,536

Pb

-0,456

-0,059

Ca

-0,282

0,442

0,359

Na

-0,304

0,186

-0,169

0,633

K

-0,073

-0,133

-0,564

-0,046

0,667

Si

0,260

0,237

-0,027

-0,311

-0,437

-0,317

Lignin

-0,121

0,115

0,439

0,223

-0,021

0,074

-0,364

Ash

0,173

0,115

-0,215

-0,594

-0,326

-0,038

0,412

Lignin

-0,122

The study found that the lake area and depth makes unsubstantial (p>0.05), but negative correlations
with the chemical elements, ash and lignin content in plants.
4. CONCLUSIONS
·

In the second year crop of RCG variety 'Marathon' heavy metals were not detected (except for
a little As), which shows the beneficial effects of RCG on environmental pollution.

·

CR is characterized by slightly lower ash content than RCG; reed samples of ash content
range between1.5 % to 5.3%, and for canarygrass between 3.1% -6.44%. Which shows that
these plants can be used for heating pallets production.

·

CR ash and lignin contents, from a fuel production point of view, are better than for
canarygrass, but the reed has a much higher heavy metal content compared to the
canarygrass, which has a negative impact on agricultural profitability.

·

In each lake the reeds have a different concentration of chemical elements, which is
independent of the average lake depth and surface area.

·

The highest pollution with Pb is to be found in Aulejas lake reeds and the wild canarygrass
growing on the lake shore.

·

Lead was found in half of the RCG samples, and in all CR samples, which indicates the
presence of Pb in the lake sediments.

·

The proportion of alkaline metal was greater in the RCG samples than in CR samples. This
shows the probable low melting point of the ash.
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ANALYSIS OF STRUCTURE-MECHANICAL PROPERTIES
OF ACIDOPHILUS BEVERAGE USING WHEY PROTEIN CONCENTRATE
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Abstract
Rheological methods enable to determine the analytical dependences of dairy food quality and its
structure-mechanical properties. The objective physical quantity can be used in technological process
control and product assurance. The main rheological properties (shearing stress, effective viscosity
factor, flow index, thixotropy coefficient) of acidophilus beverages with different rates of whey protein
concentrate at different degree of temperature are analyzed. The process of structure alteration of
acidophilus beverage under mechanical effect with increase (load) and decrease (unload) of
deformation velocity gradient is studied. It is determined that the usage of whey protein concentrate in
acidophilus beverages controls structure formation process, helps to produce the product with stable
qualitative characteristics and high biological value.
Key words: acidophilus beverage, whey protein concentrate (WPC) produced on the basis of
ultrafiltration method , structure-mechanical properties, structure formation, shearing stress, effective
viscosity factor, flow index, thixotropy coefficient.
1. INTRODUCTION
Acid coagulation of casein is one of the main processes to determine the cultured milk product
consistence and structure. Acid coagulation is based on the isoelectric caseation under the influence of
lactic acid, generated on the fermentation microflora activity of the milk. The process of casein acid
coagulation results in formation of coagulatory-condensation space structures. Mechanism of its
formation:
·

the alteration of milk pH rate interrupts stability of casein micelles;

·

the unstable asymmetrical mosaic particles with hydrophilic and hydrophobic properties are
formed;

·

emerge the casein macromolecule aggregates that are the elements of shaping structure;
structure strength is almost absolute zero;

·

structural strength increases and it results in coagulatory-condensation structure of solid.

The gradual accumulation of lactic acid and no shaking cause the formation of compact and smooth
structure. The acid coagulation structure contains both disintegrating-nonreciprocal and thixotropicreciprocal bindings. The structure-mechanical properties (viscosity, strength, resilience, elasticity)
depend on the correlation between these binding [6].
The speed of acid coagulation and structure-mechanical properties are determined by mass fraction of
protein, fat, solid, amount of bacterial fermentation and its composition, heat processing practices and
homogenization.
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The analysis of structure-mechanical properties of the final product helps to evaluate the product
quality and control structure production data [1, 2, 3, 4, 5, 7].
The article analyzes the structure formation of acidophilus beverages with usage of whey protein
concentrate, produced by ultrafiltration method (WPC), for the purpose of final product consistence
improvement and high biological value.
2. MATERIALS AND METHODS
2.1. Basic materials
Whole cow’s milk, total solid (11,8 ± 0,5) %, including mass fraction of fat (3,4 ± 0,5) %, mass
fraction of protein (3 ± 0,5) %.
Skim cow’s milk acidity no more than 20ºТ, density no less than 1030 kg/m3. Total solid
(8,8 ± 0,5) %, including mass fraction of fat 0,05 %, mass fraction of protein (3,35 ± 0,5) %.
Cream with mass fraction of fat no less than 35 % and acidity no more than 20ºТ.
Whey protein concentrate (WPC-35), which is obtained from cheese whey with usage of
ultrafiltration method, «Westland Cooperative Dairy Company Ltd» (New Zealand). Total solid
(97 ± 2) %, including mass fraction of whey protein no more than 35 %.
Starter. Bacterial concentrated starter «Biobakton», which consists of four pure cultures of bacterium
Lactobacillus acidophilus in accord with standard 9229-051-07532800-2004 (Russia).
2.2. Analytical methods
All analytical measurements were taken at least three times.
substandard average.

The parameters are presented in

2.3. Acidophilic beverage producing
All samples of acidophilic beverages were produced of normalized cow’s milk with mass fraction of
fat 2.5. The samples differed from each other by various quantity of WPC of milk. Beforehand the
total solid concentration was 18 %, including mass fraction of protein no more than 6,5 %. In order to
get the experimental samples of acidophilus beverages, different amounts of WPC were added to
normalized milk: 20 %(composition 1), 30 % (composition 2), 40 % (composition 3). Reference point
was normalized milk without WPC. The composition were blended carefully at temperature 65°C,
pressure (15 ± 2,5) MPa, and were pasteurized at temperature (85 ± 2)°C in 15 minutes. Pasteurized
compositions were cooled down till (37 + 2)°C and fermented with pure acidophilus bacterium
Lactobacillus acidophilus. During (3,5 - 4) hours the compositions were fermented at temperature
(37 + 2)ºС till obtaining milk clotting with acidity (90 ± 5)°Т. In the end of fermentation the
experimental samples were cooled down till (6 ± 2)°C and blended to homogeneous consistence.
2.4. Measuring of rheological properties of acidophilus beverages
The influence of whey protein concentrate on the rheological properties of acidophilus beverages was revealed with
the help of rotational viscometer Rheotest II. The measuring instrument consists of mechanical block,
measurement control system, control and recording instruments, thermostat. Rotational viscometer
measures the angular rotational velocity of inner cylinder (ω=2πN, rad·s) from 0,29 up to 25,4 s-1.
The measurement of rotational moment was taken in accord with indicating or recording instrument
scale at relative value, rotational velocity was measured according to the mechanical block scale. The
measurements of shearing stress and effective viscosity factor of deformation velocity gradient
alteration from 1,5 up to 1312 s-1 were taken with the help of cylinder S1. Viscometer driver has 24
different rotational velocities. Measurement error is no more than ± 5 %.
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Shearing stress:
ߠ = ߙ ∙ ݖ,

(2.1)

θ – shearing stress, Pa;
α – measurement from measuring instrument;
z – cylinder constant, Pa/scale unit.
Effective viscosity factor:
ఏ

ߟэф = ఊሶ ,

(2.2)

ߟэф - effective viscosity factor, Pa∙s;
ߛሶ- velocity gradient, s-1.
Rheological data were computed, using application software and Microsoft Excel.
3. RHEOLOGICAL PROPERTIES OF ACIDOPHILUS BEVERAGES
Before measuring the acidophilus beverage samples (at quantity 25 ml) were put in measuring cell and
during 20 minutes were termostated at given temperature. In order to keep the same temperature of
yoghurt, the outer fixed cylinder was constantly termostated. Termostating temperature of acidophilus
beverages was kept within 0,1°С. New sample was used at different temperature. Rheological
properties of acidophilus beverages were studied at temperature (37+2)°С (after fermentation), 6°С
(storage product temperature), 20°С и (37+2)°С after cooling [8].
The data are presented on the shearing stress-deformation velocity gradient and the effective viscosity
factor-deformation velocity gradient diagrams at different rates of temperature and of experimental
samples (fig. 1 and 2).
The process of structure alteration of acidophilus beverage under mechanical effect with increase
(load) and decrease (unload) of deformation velocity gradient is presented on fig. 3
4. RESULTS AND DISCUSSION
Experiment results revealed (fig. 1 and 2), after fermentation the product had the less rate of viscosity.
After cooling till 6°С the sample’s viscosity increased and flow index decreased. It confirms that the
properties of experimental samples approximate to non-Newtonian behavior.
The further heating of acidophilus beverage was characterized by viscosity decreasing, but at
temperature 37ºС the viscosity of the sample just after fermentation was higher
The addition of WPC to acidophilus beverage samples (fig. 2) brought to viscosity increasing both at
low (6 ºС) and high (37ºС) temperatures. Acidophilus beverage had weak thixotropic recovery of
structure as the result of deformation in viscometer annulus (in flow). This fact confirms that load and
unload curves of experimental samples form hysteresis curve (fig. 3).
The prolonged mechanical influence broke the structure, because flow curve of broken structure has
linear character and flow index comes to 1. But mechanical influence with duration of 10 minutes does
not break the structure completely.
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Picture 3 shows, reference point possesses more hysteresis curve (thixotropy coefficient 1,914), than
composition (thixotropy coefficient 1,8). It means that addition of concentrate together with
mechanical influence improves the final product stability (transportation, agitating, measuring etc.).
5. CONCLUSION
The control of dairy product structure formation is the main condition of producing the final product
with certain functional and structure-mechanical properties. Not only external appearance, both
product yield and quality depend on these properties.
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R² = 0.995

y = 0.1635x0.6169
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Effective viscosity
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The rheological data prove that acidophilus beverage, produced of WPC made on basis of
ultrafiltration method, possesses the same structure-mechanical and organoleptical properties as
traditional acidophilus beverage. The results confirm that the application of WPC, made on basis of
ultrafiltration method, in producing of acidophilus beverages control structure formation and produce
the product with stable qualitative properties.
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Figure 1 – Shearing stress-deformation velocity gradient diagram(a, c, e, g) and effective
viscosity factor-deformation velocity gradient diagram (b, d, f, h) at different rates of temperature: □ –
37 ºС (till cooling); ∆ – 6 °С; ○ – 20 ºС; ◊ – 37 °С; of experimental samples: a, b – reference point;
c,d – composition 1; e, f – composition 2; g, h – composition 3
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Figure 2 – Shearing stress-deformation velocity gradient diagram (a, c, e, g) and effective
viscosity factor-deformation velocity gradient diagram (b, d, f, h) of experimental samples: ♦ –
reference point ; ■ – composition 1; ▲ – composition 2; ● – composition 3; at different rates of
temperature: a, b – 37 ºС (till cooling); c, d – 6 °С; e, f – 20 ºС; g, h – 37 °С
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Abstract
The biodegradation of high amounts of the toxic monochloroacetic acid (MCA) was studied in a series
of fed-batch processes by the use of Xanthobacter autotrophicus GJ 10 cells. The influence of the
oxygen supply on biodegradation capabilities of the strain was investigated by airflow and the stirring
rate variations. The highest conversion of MCA – 300 mM was achieved at airflow 1.0 L/min (2.2
vvm) and agitation rate of 500 rpm.
Key words: biodegradation, мonochloroacetic acid, Xanthobacter autotrophicus GJ 10, fed-batch
processes
1. INTRODUCTION
Protecting the purity of the water resources and their prudently and environmentally use is one of the
main problems of contemporary humanity. When the water used up for drinking industrial and other
purposes is contaminated by various substances and alters its natural physical properties and chemical
composition, it becomes wastewater. In recent years, scientists are searching for more novel
approaches for wastewater treatment. The advantages of biotechnological methods are: ability to
separate the majority of organic pollutants, simple apparatus design and relatively low operation costs.
The drawbacks here are the strict need of control of the technological regime of treatment, toxicity of
some of the treated organic compounds and requirement to pre-dilution of highly concentrated toxic
waste.
The biological treatment is the conversion of the contaminants contained in the organic wastewater to
simpler compounds through the vital activity of particular cultivated microorganisms under certain
conditions. Some of them degrade halogenated aliphatic hydrocarbons through specific enzyme
systems that break or abate the carbon-halogen bands. These microorganisms use contaminants rather
as carbon source and energy, and have the capacity to transform the intermediate products in digestible
substrates.
Significant contaminant of wastewater is ethylene chloride [1]. Intermediate product of its degradation
is monochloroacetic acid (MCA), which is also very toxic halogenated compound. It has a relatively
long life in nature and it can be found in rainwater, surface and drinking water as well in the snow and
underground water. In literature there is evidence that MCA is the most toxic halogenated fatty acids
especially for some algae [2].
There is a variety of bacterial strains that are able to break the carbon-halogen band of the fatty acid
molecules [3, 4]. One of them is Xanthobacter autotrophicus GJ10. Cells of the strain used
halogenated aliphatic hydrocarbons (HAH) as carbon and energy sources and are able to decompose
ethylene chloride to 2-dichloroetanol, MCA and glycolic acid (GA).
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Our previous works indicated that during batch fermentations have been biodegraded high amounts of
MCA. Xanthobacter autotrophicus GJ 10 is an aerobic strain and we expect to accelerate the process
delivering sufficiently amounts of oxygen to the cells. There are two manners to increase the quantity
of dissolved oxygen in the media – to increase the stirring rate and to raise the airflow supply. The aim
of the present work is to study the influence of aeration in the bioreactor varying these two parameters.
2. EXPERIMENTAL PART
In order to attain high productivity it was necessary to define fermentation medium to be used, the
conditions of conducting the processes and the choice of reactor [5, 6]. Crucial for the proper
functioning of the bacteria is maintaining the acidity of the media and provide the proper level of the
oxygen supply. To date best results were achieved conducting the fermentation in a fed-batch mode
[7]. Fed-batch process involves the following steps:
1.
2.
3.
4.
5.

Sterilization of the medium, bioreactor and the auxiliary facilities;
Filling the apparatus with the culture medium containing carbon source - MCA;
Inoculation;
Growth of the culture;
Production of the final product – chlorides and mineralization;
CH2Cl-COOH® CH2(OH)-COOH ® mineralization

6.
Multiple additions of new amounts of carbon source – MCA, until exhaustion of
bacterial cells.
7.
After completing the final stage, the bioreactor is washed and prepared for another
cycle.
Fed-batch processes are carried out in fermentor with a magnetic stirrer "New Brunswick Scientific BIOFLO" (Fig. 1) with a working volume 450 ml, temperature 30º C and pH 7.0. Maintaining a
specified pH is carried out automatically with 2M KOH. Initial concentration of MCA was 5 and 10
mM, which eventually became higher than 30 mM after addition of 97% pure monochloroacetic acid.
Concentrations of monochloroacetic and glycolic acids are determined by chromatography [8]. For
this purpose HPLC system with refractometric detector was used. Separation column which was used
is for sugars and acids "Aminex HPX-87H, BioRad, Richmond, Ca., USA" at a wavelength of 210 nm.
As eluent was used 0.01 N sulfuric acid solutions at a rate of 0.6 ml / min. Samples were centrifuged
at 15 000 rpm and filtered through a membrane filter (0.45 μm). The standard deviation of this
analytical method is ± 1%.
Three experiments were conducted in which the speed of the stirrer and the airflow in the reactor were
changed. The dissolved oxygen in the medium was measured with oxygen electrode and DO analyzer.
The experiments were conducted:
·
·
·

With airflow 0.25 l/min and stirring rate 400 rpm
With airflow 0.25 l/min and stirring rate 500 rpm
With airflow 1.00 l/min and stirring rate 500 rpm
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Fig. 1 Bioreactor with a magnetic stirrer “New Brunswick Scientific - BIOFLO”
3.RESULTS AND DISCUSSION
Fig. 2 shows the comparative kinetic curves of MCA degradation at these three fed-batches. In process
with stirring rate 400 rpm and airflow 0.25 L/min. the total amount of biodegradable acid is 155 mM
MCA. In this case biodegradation ends at 280-th hour. The maximum amount of acid (51.25 mM) was
consumed at 72-th hour. It is absorbed relatively slowly - about 90 hours. Then there is rapid
degradation of MCA from 160 to 280 hours until the fully complete the process.
In the second process (500 rpm and 0.25 L/min) we have gradually assimilation of the added substrate.
The substrate inhibition is avoided by adding small portions of MCA periodically. Maximum amount
of MCA was 35 mM, added at 30 hr. It is absorbed for 15 hours. There is a trend towards increasing
the need for carbon source after 45 hours, so every 10 hours acid was added. This is why the total
amount of biodegradable acid is 155 mM at the 190 hours time, which is 90 hours less than the first
process.
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Fig. 2 Kinetic curves of consumed MCA
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Fig. 3 Changes in the quantity of МСА and concentration of dissolved oxygen at the second fed-batch
(stirring rate 500 rpm and 0.25 L/min airflow).
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Best degradation we have achieved in the third fed-batch process (500 rpm and 1.0 L/min.) In this
process the submitted substrate was consumed on every 10 hours. Although relatively big amounts of
MCA were submitted from 33mM to 43 mM, the substrate inhibition was prevented. The total amount
of biodegradable acid was 300 mM, which is two times higher from the experiments conducted so far
and the time for biodegradation was 240 hours.
From the graph on fig. 3 is seen that after substrate addition the concentration of the dissolved oxygen
is reduced. This is indicative for a biodegradation with aerobic cells, where large amount of oxygen is
needed to end the process. With the extenuation of the bacterial cells the % content of the available
oxygen accordingly increased in the bioreactor and the process is slowing down.
It was found that the best biodegradation of the substrate is at maximum speed of 500 rpm, when the
level of dissolved oxygen must be the highest.
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Fig. 4 Changes in the quantity of МСА and concentration of dissolved oxygen at the third fed-batch
(stirring rate 500 rpm and 1.00 L/min airflow).
In this experiment (fig. 4) the connection between change in the concentration of MCA and % content
is more clearly expressed. The requirement for more oxygen is increasing in every moment when acid
is added (i.e. the current % content of the available oxygen is decreasing). Respectively, with the
decreasing of the process, the cell need for oxygen also decrease.
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4.CONCLUSION
From the conducted three fed-batch processes, maximum absorbed MCA (300 mM) is obtained by
degradation with the stirrer speed of 500 rpm and airflow of 1.00 L / min. Duration of this process is
240 hours. In other processes with a constant airflow and different speeds, the difference is only in the
duration of the process.
At 500 rpm we have the most rapid process.
Furthermore it was found, that the current quantity of the dissolved oxygen corresponds to the current
quantity of the consumed monochloroacetic acid. After substrate addition the amount of the available
dissolved oxygen in the bioreactor is decreasing, because to have larger consummation of acid, the
bacterial cells need more dissolved oxygen. That’s why at maximum airflow there is best
biodegradation of МСА.
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Abstract
Human impacts of aquatic ecosystems causes that surface waters suffer significantly from
hydromorphological and hydrological alterations, disconnection and changes of adjacent floodplains
and alterations of surrounding infrastructure that impact water bodies status and therefore need to be
addressed in future. Land use in basin of agricultural streams exhibited high loads of sediment and
surface runoff and affect water quality. It leads to collapse of agricultural stream biota and permanent
eutrophication from nutrient inputs. It represents common conditions that once reached, make
difficult to restore the integrity of freshwater ecosystems. The article presents an identification and
analysis of impact level on abiotic factors of agricultural streams. Authors summarize the principles
and methods of channel-floodplain geosystem restoration that enable to approach to the state of
dynamic stability as a basic assumption for increasing of the „absorbing capacity” of the freshwater
ecosystems. They also describe the principles of good management practices (GMPs).
Key words: stream rehabilitation, channel morphology, agricultural land use
1. INTRODUCTION
The continuing anthropogenic stressors to the streams reduce the natural resilience and resistance of
the freshwater ecosystems that enables them to recover from certain levels of perturbation . In many
systems, the changes brought about through human activities have significantly altered the physical
habitat and ecological functioning of the natural systems (Giller 2005, Grimm et al., 2005). While
some of the antrophogenic alterations provide important benefits for the human population, they often
significantly degrade elements of freshwater ecosystems (i.e. outlets of soil drainage structures, flow
regulation). Due to land use changes and stream channel modification we may summarize the key
impact items that on stream ecosystem: climate change-induced hydrologic alteration manifested by
changes in stream discharge regime, channel geomorphological changes due to channel modification
and excessive sediment inflow, riparian buffer reduction, floodplain and land use changes. Successful
sustainable rehabilitation of stream is depending on identification and understanding of the key
processes and anthropogenic induced changes that enable to determinate an appropriate longitudinal
and lateral stream structure including stream habitat improvements at different scales. Clear schemes
of the complex interactions that exist within stream ecosystem are described in figure 1.
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Fig. 1. Interactions of stream structure and function with the surrounding watershed
and human system (Grimm et al, 2005).
2. MATERIALS AND METHODS
Our study was undertaken in the 9.45 km2 Bocegaj Creek subwatershed in the southeastern part of
Slovakia located within cadastre of Zirany village. We analyzed the 1.994 km long stream’s channel
that has been completely modified to trapezoidal cross section with fortified bed with concrete prefabs
at seventieth. For watershed spatial analysis we used aerial photos, cadastre and topographic maps
processed by software Terrain Tools ver. 4.162. A software HEC-RAS ver. 4.0 was applied for
calculations of hydraulic parameters of stream channel and floodplain areas. The terrain survey data
have added to complete the complex view on researched stream ecosystem.
3. RESULTS AND DISCUSSION
For hydrological impact assessment we evaluated long-term variability of the daily discharges of
Bocegaj Creek in Kolinany profile in period 1973–1994. We analyze average annual flows (Qa), 330
daily flows - Q330d, (i.e. flows exceeded 330 days in a year that is indicator of the lower flows, not
minima) and annual minimum flows (Qmin). Figure 1 shows clear decreasing of Q330d flow that is
measure of minimal discharge condition needed for biota survival. Figure 2. shows a number of days
with occurrence of discharge Q<Q330day for Bocegaj Creek, Kolinany gauge (left) and annual rainfall
totals deviations of long-term annual mean in station Nitra (right) for period 1974-1993 are
documented. Longterm average annual flow Qa = 0,043 m3.s-1 decreased in analyzed period (19741993) to Qa,1974-1993 = 0,028 m3.s-1. Geomorphological parameters of the recent and original channel
state of Bocegaj Creek were analyzed on base of plan view and longitudinal profile drawings of
project documentation from 1970 and terrain measurements. The hydraulic parameters of the creek’s
channel calculated by software HEC-RAS ver. 4.0 showed substantial changes in channel capacity.
Mean bankfull discharge of natural channel equals QBankfull = 4,24 m3.s-1 that represents 5.5 -year
return period of maximal discharge. Modified channel has designed for Q20 = 8 m3.s-1 that represents
10-year return period of the discharge. It led to 88 % increasing of the channel capacity and decreasing
of volume of floodplain flow. Above mentioned facts together with stream channel plan view changes
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due to decreasing of sinuosity (from Si = 1.21 to Si = 1) evoked changing of instream accumulated
water volume for bankfull discharge of natural channel (DV = - 4845 m-3, i.e. -21 %).
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Fig. 1. Course of monthly minimal discharges Qmin,month, 1974-1993 and linear trend in Bocegaj Creek
for Kolinany gauge in period 1974-1993.
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Fig. 2. Number of days with occurrence of discharge Q<Q330day for Bocegaj Creek, Kolinany gauge
(left) and annual rainfall totals deviations of long-term annual mean in station Nitra (right) for
period 1974-1993.
Analysis of cadastral maps and recent aerial photos showed substantial decreasing of riparian
vegetation. Floodplain function changes documents decreasing of inundation area for Q20year discharge
from historical to recent modified state of stream channel (DA = -74 500 m2). Land use changes
dynamics represents area balance in cadastre of Zirany for period from 1962 to 2002 (table 1) with
substantial increasing of urbanized areas from 0.359 km2 in 1962 to 1.02 km2 in 2002 (Huska et al.,
2002).
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Fig. 3. 3D view of inundation of natural channel for 20-year flood (Q20 = 10 m3.s-1) calculated with
HEC-RAS software
Table 1. Balance of land use structure changes in cadastre of Zirany (Huska et al., 2002)
Year

Agricultural Land

Forest Land

Water Body

Urban Areas

Other Areas

1962

52.1 %

40.1 %

0.21 %

2.31 %

5.4 %

2002

50.3 %

39.8 %

0.56 %

6.49 %

2.7 %

Analysis of agricultural land structure showed 60 % decreasing of grassland that is mainly located
next to stream at flood-prone area.
On base of field survey and performed analysis we generalized obtained results to identify the key
disturbance, symptoms and describe appropriate rehabilitation measures in stream and riparian zone
(table 2).
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Table 2. Key disturbance, symptoms and appropriate rehabilitation measures in stream and riparian
zone.
Disturbance and symptoms
Runoff regime alteration:
§ increased frequency of low flows
§ increased magnitude of peak flow
§ decreased groundwater recharge
Hydraulics alteration:
§ decreased hydraulic diversity
§ water flow acceleration
Water quality decreasing:
§ increased contaminant loads
§ decreasing of self-cleaning process intensity
§ low dissolved O2 concentration
§ high level of suspended solids
Geomorphologic alteration:
§ simplified channel form
§ habitat simplification
§ suspended sediment and bed-load regime
changes
Floodplain modifications:
§ land use and land cover changes
Riparian vegetation alteration (RV):
§ decreased eroded soil and nutrient retention
§ reduction, altered patterns
§ quality of aquatic and terrestrial habitat
Ecological disturbances:
§ decreased biodiversity
§ altered patterns of nutrient and energy cycling
§ loss of hyporheic interstitial zone

Proposed rehabilitation measures
Instream structures, dead branch
restoration, soil drainage system
modifications, wetland
restoration, small reservoir
building, low flow management,
RV restoration .
Channel restoration, instream
structures, habitat reconstruction

References

Riparian and grass buffer zone
reconstruction, wetlands
restoration, instream structures

Halaj, 2004
Horak et al., 2009

Halaj, 2004;
Lake, 2000

Halaj, 2004;
Holčík et al., 2001

Channel and riparian maintenance Hill et al., 1991;
flow (CRMF), instream structure, Macura, 2000
microhabitat reconstruction,
channel restoration
Channel capacity decreasing,
CRMF
RV restoration, grass buffer zone
restoration
Low flow management, CRMF,
RV restoration

Hill et al., 1991
Muchova et al., 2009
Johnson, 2004;
Halaj, 2004;
Muchova et al., 2009
Cimo et al., 2009
Hill et al., 1991;
Halaj, 2004

To achieve the goals of stream rehabilitation the good management practices should be applied at
floodplain and watershed as well.
The concept of Total Maximum Daily Load (TMDL) includes plans for rehabilitation of water bodies
in order to provide good water quality (USEPA, 1999). TMDL represents assessment of maximal daily
amount of polluting substances of the polluter that water body can receive without disturbing water
quality standards. For pollutant budget estimation may be used export coefficient model (Lin, 2004).
Thermal Load Management (TLM) approach maintains a optimal thermal regime of the stream that
meets requirements of dominant fauna species. The goal may be achieved by optimal shading of water
level by riparian vegetation (Johnson, 2004). Channel and riparian maintenance flow (CRMF) provide
channel capacity maintenance, flushes of accumulated suspended sediments at gravel bar and riffle
habitats, scouring accumulated sediments of pool habitats. Overbank flow by regulated inundation at
floodplain provides lateral floodplain and riparian connectivity, floodplain maintenance and nutrient
deposition, recruitment of organic material and woody debris (Hill et al, 1991).
4. CONCLUSIONS
Water Framework Directive requires (WFD) “good quality” for surface waters i.e. low level of
changes as a result of human activities. Good status has been defined by biological, hydro200
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morphological and physical-chemical quality elements including integral approach in their
assessments. Implementation of WFD requires analysis of current state of freshwater water ecosystem
and human activities impact assessment that is necessary for integral water management application
and appropriate measures design for aquatic and terrestrial zones of stream ecosystem.
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Abstract
Riparian ecosystems belong among the key natural elements of riverine landscape. We associate them
with narrow belt of land along the water bodies and wetlands that are characterized by specific fauna
and flora species with tight relations to water. The ecosystems have important role in the landscape by
providing connection between landscape elements in longitudinal and lateral direction and linking
environmental gradients of ecological processes and communities in time and space. Most of the
riparian zones of agroecosystems of rural landscape have been intensively impacted by agricultural
cropping activities in Slovakia. It exhibits by reduction or removal of riparian zones. Decreasing of
water quality in streams, biodiversity of terrestrial and aquatic organisms of riparian ecosystems and
modification of streamflow characteristics represent the most serious negative impacts. Therefore the
restorations of riparian ecosystem belong among the important part of river restoration activities. The
optimal approach is represented by construction or restoration of multi-species buffer strips that
recover their main function and will create condition for sustainability of their natural resiliency.
Authors provide a review of main functions of the riparian ecosystem in relation to water quality
improvement and analyse recommendation connected to dimensioning of riparian buffer zone.
Key words: riparian ecosystems, riparian buffer zone, riverine landscape rehabilitation
1. INTRODUCTION
The riparian buffer zones are situated between aquatic and terrestrial ecosystems in landscapes and
play important role in hydrological processes in watersheds (Smith 1992; Lowrance et al. 1985a).
They usually create areas within riparian zones that protect the streams, reservoirs, lakes or wetlands
and provide a transition between them and the adjacent land. Naiman et al. (2005) describe riparian
systems as dynamic environments characterized by strong energy regimes, substantial habitat
heterogenity, a diversity of ecological processes and multidimensional gradients. Riparian vegetation
influences stream water chemistry through diverse processes including direct chemical uptake and
indirect influences such as by supply of organic matter to soils and channels, modification of water
movement, and stabilization of soil (Dosskey, et al. 2010). Naiman et al., (2005) considers the riparian
systems to be transitional semi terrestrial areas regularly influenced by fresh water, usually extending
from the edges of water bodies to the edges of upland communities. High infiltration rates of
undisturbed riparian zone soils allow finer sediments together with nutrients to enter into the soil
before reaching the stream bed and make possible that as much as 80 % of the phosphorus adsorbed to
sediment particles can be filtered from surface runoff by forested riparian buffer zones (Welsch,
1991). Diebel, M et al. (2009) states that in most watersheds a large proportion (approximately 70%)
of sediment and phosphorus loads can be eliminated from streams with buffers. Carline and Walsh
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(2007) have found that after riparian treatments, macroinvertebrate densities increasing and suspended
sediments during base flow and storm flow decreased 47–87%. Ghermandi et al. (2009) found that the
developed scenarios indicate that shading may be an effective tool in controlling stream eutrophication
i.e. 44% reduction in phytoplankton productivity in the simulated stretch. Bentrup (2008) has showed
that riparian buffers will often be more effective along small or low-order streams than larger or highorder streams. Above mentioned facts are illustrated by figure 1 that clearly describes the functionality
of the three-zone, multiple species riparian buffer strip with effect on bank stability, aquatic and
terrestrial habitat enhancement, pollutant input reduction and flood control. From pollutant input
reduction point of view dimensioning of riparian buffer zones should be based on sediment reduction
effectiveness of buffer zones. However functionality of riparian buffer is conditional on various
factors summarized in table 1.

Fig. 1. The three-zone, multiple species riparian buffer strip, with possible widths according to the
function expected in management (Naiman et al., 2005; after Schultz et al., 2000).
2. RIPARIAN ZONE´S TRANSECT STRUCTURE
The common used riparian buffer structure consists of three distinct zones adjacent to the stream from
upland to riverbed. The vertical structure of the standing plants and the organic litter provide high
roughness surfaces, which slow water flow and make possible the sediment to be deposited (Mahoney
and Erman, 1984). The function of the first zone that is comprised of autochthonic herbs and grasses is
to retard the overland flow, to support the water infiltration and sediment deposition. The second zone
consists of one or two rows of native shrubs. It’s profit represents the increasing of diversity, wildlife
habitat improving and retardation of floodwater during inundation. The third zone, adjacent to the
stream includes four or five rows of fast-growing trees with some slower-growing ones interspersed
between them. Shultz et al. (2000) recommend construction of two zones instead of three ones along
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the upper reaches of low-order streams. Three-zone forest buffers are used in many agricultural
regions of the humid eastern of United States (Welch, 1991).
Тable 1. Factors Affecting Buffer Pollutant Removal Performance
(After http://www.stormwatercenter.net )
Factors that enhance performance

Factors that reduce performance

Slopes less than 5%

Slopes greater than 5%

Contributing flow lengths < 46 m

Overland flow paths over 91 m

Water table close to surface

Groundwater far below surface

Check dams/ level spreaders

Contact times less than 5 minutes

Permeable, but not sandy soils

Compacted soils

Growing season

Non-growing season

Long length of buffer or swale

Buffers less than 10 feet

Organic matter, humus, or mulch layer

Snowmelt conditions, ice cover

Small runoff events

Runoff events > 2 year event.

Entry runoff velocity less than 0.45 m.s-1

Entry runoff velocity more than 1.5 m.s-1

Swales that are routinely mowed

Sediment buildup at top of swale

Poorly drained soils, deep roots

Trees with shallow root systems

Dense grass cover, six inches tall

Tall grass, sparse vegetative cover

3. DIMENSIONING OF RIPARIAN BUFFER ZONE
Establishment of riparian buffers should not be focused only on riparian habitat, but should take a
landscape perspective because semiaquatic species use multiple elements for different functions
(Ficetola et al., 2009). Shultz et al. (2000) notice that riparian zones are effective for sediment
retention only if surface flow through them is maintained as a sheet flow. Concentrated channel flow
may destroy the continuity of the filter strip. Various types of buffer zones have been proposed to
complex protection of the running water’s quality. The simplest ones are strips of herbaceous
vegetation composed of one or several species along streams. Grasses, legumes, and/or forbs are used
according to site conditions and widths varying from 3 to 61 m. The published values of reduction
effectiveness for grass, mixed grass and trees have strong differences clear-cut in table 2. Factors
which variously affecting the buffer pollutants removal performance (table 1) show that approach
based on experimental results and subsequent arbitrary choice of riparian buffer width is little bit
tricky. In process of buffer zone width calculation we may applied various approaches based on i.e.
Curve Numbers Method (CN method) or are based on analytical analysis of runoff and sediment
transport processes. These approaches assume two key phenomena, which affects buffer zone width:
runoff volume (or velocity) and sediment loadings generating from adjacent contribution area.
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Table 2. Sediment Reduction efficiency of buffer zone (After NRC2002)
Sediment Reduction
efficiency

Buffer width

References

95 %

7,1 m

Lee et al. (2003)

4-9m

Dillaha et al. (1989)

9m

Ghaffarzadeh et al. (1992)

24 m

Chaubey et al. (1994)

25 m

Young et al. (1980)

61 m

Horner and Mar (1982)

66 - 77 %

3-6m

Lee et al. (1999)

30 - 60 %

6 - 18 m

Daniels and Gilliam (1996)

40 - 100 %

20 m

Arora et al. (1996)

< 50 %

26 m

Schwer and Clausen (1989)

97 %

16,3 m

Lee et al. (2003)

70 - 90 %

7 to 16 m

Lee et al. (2000)

75 - 80 %

30 m

Lynch et al. (1985)

> 80 %
GRASS

MIXED GRASS
AND TREES
TREES

The application of CN method (ANTAL et al., 2005) is relatively quick and non-sophisticated tool for
buffer zone (strip) width assessment. First we have to specify the hydrological soil group (HSG) and
determine the design rainfall that take into account the rainfall duration td,N based on time of
concentration tc [min.] and intensity of rainfall id,N [mm.min-1] with given recurrence interval in years
N.
HZ =id,N . td,N

(1)

For determination CN value of buffer zone CNB the condition (2) have to be fulfilled:

CN B <

5080
H z + 50,8

(2)

From precalculated upper interval limit of CN values are assessed CNB for designed vegetative cover
of buffer zone according to it’s qualitative parameters (table 3) and calculate it’s potential retention AB
in mm (3) that affect retardance efficiency of buffer zone:

æ 1000
ö
AB = 25,4 çç
- 10 ÷÷
è CN B
ø
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Table 3. CN values for different grass quality cover and hydrological soil group
Grass cover quality

Hydrological Soil Group
A

B

C

D

Poor condition / grass cover < 50 %

68

79

86

89

Fair condition / grass cover 50 % to 75%

49

69

79

84

Good condition / grass cover > 75 %

39

61

74

80

For given HSG we determine CNSL value of uphill slope and calculate potential retention ASL (4) in
mm and direct runoff HO,SL (5) in mm:

æ 1000
ö
ASL = 25,4 çç
- 10 ÷÷
è CN SL
ø

H O ,SL =

(4)

(H Z - 0,2. ASL )2

(5)

H Z + 0,8. ASL

Then we determine the proper width of buffer zone D [m] for uphill slope length LSL [m] on base of
equation (6):
D ³ LSL

H O ,SL
0,2 AB - H Z

(6)

Table 4. Results of width of buffer zone calculation based on CN method
Hydrological Soil Group

Characteristics Units

A

A

B

A

A

LSL

[m]

100

100

100

100

100

HZ

[mm

50

80

30

40

40

72

72

81

72

72

7.1

22.8

4.2

3.4

3.4

CNB>75%

39

39

61

39

49

CNB,MAX

50.4

38.8

62.9

55.9

55.9

[mm]

119.5

119.5

67.5

397.3

264.4

[m]

27

41

26

0

0

CNSL
HO,SL

[mm

AB

D>

However the values obtained by above-mentioned procedure give reliable results only in case of low
CNB values of designed buffer strip (table 4).

Wong and McCuen (1982) used for buffer strip width calculation variables that reflect the
important design factors: soil characteristics, vegetative cover complex and runoff
characteristics. Velocity of surface runoff was computed by modified Manning’s equation (7):
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2

1

1
v = R3 S 2
n
where

(7)

v - mean velocity (m.s-1),
n – Manning’s roughness coefficient (-),
RS – spacing hydraulics radius (m),
S – buffer strip slope (m.m-1).

Recommended values of n are 0.20 and 0.35 for light and dense turf which represent the grasses in
good hydrological conditions. Grass characteristics was described by the spacing radius RS in m that
takes into account the arrangement of the grass media spacing in combination with flow depth:

RS =

SS d f

(8)

2d f + S S

where
RS – spacing hydraulics radius (m),
SS – grass media spacing (m),
df – flow depth (m).
Mean settling velocity of suspended sediment particles affect the trap efficiency. For settling velocity
of spherical grains under laminar conditions is computed according to Stokes Law:

v S = (s - 1)
where

g
D2
18n

(9)

vS – mean settling velocity (m.s-1),
s – specific gravity of the particle (m.s-2),
ν – dynamic viscosity (m2.s),
D –particle size (m).

The final results of the sediment trap efficiency of the buffer vegetative strip with various
characteristics are presented graphically in figure 2. Trap efficiency is related to slope and
width of buffer strip as well as a roughness coefficient of vegetation. The results show that the
small increasing of trap efficiency requires enormous widening of the buffer vegetative strip.
The curves course also document that the 75 % trap efficiency is achieved with relatively
narrow buffer strip. Solution in figure 2 assumes coarse silt with a mean settling velocity
vS equals 6.1 10-4 m.s-1 and spacing hydraulic radius RS equals 3.05 10-3 m. For other material
a new calculation have to be made.
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Fig. 2.

Effective Buffer Zone Width Asessment for Trap Efficiencies equal 75, 95 and 99 %
(After Wong and McCuen, 1982)

4. CONCLUSIONS
Properly designed and maintained riparian buffers can serve many valuable functions. However an
effective functioning of buffers depend on several different factors, including location parameters,
dimensions and species composition. While woody plants are most effective at filtering groundwater
nutrients and pollutants, grasses are preferred at filtering of surface runoff. Functioned riparian buffer
needs to be managed to maintain effectiveness. It may be filled with sediments and causes decreasing
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of buffer zone’s retention capacity by excessive sedimentation. This may require additional spreading
of the surface runoff or removal of buffer’s sediment. In some cases will be necessary adoption of
additional upland sediment control measures. Techniques should be selected based on site-specific
conditions and the desired impacts of the buffer. These techniques are oriented to maintaining healthy
vegetation, eliminating sources of degradation such as flow that is too concentrated or laden with
pesticides and some management methods may have direct economic benefits (Moltz, et al., 2005).
Dimensioning of buffer zones of riverine systems belong among the complex tasks of engineering
hydrology. Interdisciplinary nature, stochastic character and huge amount of factors that affect the
final design cause serious variance of recommended values obtained on basis of experimental or
analytical methods. In spite of recent advances it seems to be not avoidable to continue in research
activities at this field. The wide variety of sources reported results of observations and experiments
about these factors suggests that some region-specific field research will be necessary to answer
questions related to buffer design and development under differing biophysical conditions and buffer
efficacy goals Little present research is available describing the social costs and benefits of riparian
buffers, but on-site evaluations and surveys over time will provide valuable future reference data
(Moltz, et al., 2005).
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WKHGHWHULRUDWLRQRIVRLOK\GURSK\VLFDOSURSHUWLHV7KHUHZDVREVHUYHGDSRVLWLYHHIIHFWRQWKHVH
SURSHUWLHVZLWKREVHUYHGLQFUHDVHRIDYHUDJHYDOXHRIFDSLOODU\VXFWLRQFDSDFLW\ILHOGFDSDFLW\
SRURVLW\QRQ -FDSLOODU\SRURVLW\DQGK\GUDXOLFFRQGXFWLYLW\7KHUHZDVDOVRREVHUYHGGHFUHDVHRI
DYHUDJHYDOXHVRIrVDQGrG
.H\ZRUGVELRVOXGJHVRLOK\GURSK\VLFDOFKDUDFWHULVWLFVGLJHVWDWH
1. INTRODUCTION
Pollution of the environment by liquid organic wastes that contributes to the emission of greenhouse
gasses as well as to pollution of surface and groundwater sources, is extensive complex which is in
most cases difficult to quantify. A need of environment protection increases also in the agricultural
sector because agricultural activity directly affects all its components, i.e. water, soil and air (Bárek
and Halaj, 2009; Bárek et al., 2008; Halaj et al., 2007; Bárek and Halaj, 1992). In agriculture, the most
substantial encumbrance is caused by the liquid organic waste from concentrated animal production.
Production of liquid organic waste in Slovakia is currently at the level of 2,67 mil. tons. At least 10%
of organic substances of liquid organic waste leaks into the air and soil and thus pollutes the
environment, especially the water resources. The share of agricultural production at the production of
greenhouse gases (CH4, CO2, N2O) in Slovakia is 9,5%, most of it falling on methane CH4. The
biggest source of methane in Slovakia is intensive cattle and pig farming. The share of agriculture
production of CH4 is 46%, from which 19% comes from organic waste.
A scientific-technical level, current knowledge and the modern technologies developed on their base
enable to solve the environmental encumbrance not by restriction or even production wind up, but by
using controlled transformation of encumbrance waste production of liquid organic waste on the
stabilized productive organic material. From this point of view, controlled anaerobic fermentation
seems to be very promising. It concerns the utilization of organic waste, because apart from their
amount reduction, one of the final products of this process is energetically valuable material – biogas.
The second product is digested slugde (digestate) which represents organic fertilizer of a new quality.
The influence of organic fertilizer processed by this way has not been studied experimentally and
tested yet in conditions of Slovakia and also this topic is still considered to be rather marginal in the
international scientific papers.
The influence of raw slurry fertilization on some soil parameters was experimentally verified by few
authors (KUHMþtĜ and Římovský, 1980). These authors identically stated that using pig slurry decreases
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soil porosity, increases soil bulk density and increases soil cohesion and water stability of soil
aggregates. On the contrary, it decreases soil permeability of water on heavy soils and thus decreases
precipitation, perhaps even irrigation efficiency.
Characteristic of anaerobic processes
Anaerobic technologies have already been used for decades for stabilization of sewage sludge as well
as at treatment of wastewater from food industry. The anaerobic digestion process of organic matter
takes place in the absence of (gaseous) oxygen in four interrelated stages: hydrolysis, acidogenesis,
acetogenesis and methanogenesis. High-molecular substances are successively digested through
microorganisms´ activity and they constitute one of the main substrates for methanogens. All these
four basic biochemical degradation reactions take place at the presence of relevant microorganisms
and are the results of their metabolism interaction (Chudoba et al., 1991).
The most important metabolic group of anaerobic process are methanogens which completes the chain
of organic matter anaerobic digestion. This group of bacteria is thus responsible for production of a
desirable gas product – methane.
Biogas constitutes a noble fuel which has approximately the following composition (Bilanin, 1997):
60 – 80 %
methane (CH4), 19 – 39 %
carbon dioxide (CO2), Approx. 1 %
gases such as hydrogen, hydrogen sulphide, oxygen, ammonia.

some

other

From a physical point of view, digested sludge is a dark amorphous non-plastic heterogeneous mixture
of suspended and colloidal matter. After methanogenesis, due to a positive content of organic and
inorganic substances, sludge is appropriate either as the fertilizer or for composting. Potential
pathogenic microflora is destroyed in it up to 96 – 99% and various developmental stages of parasites
are destroyed up to 95% by fermentation.
The aim of this paper is to access the influence of application of anaerobically processed slurry digestate (i.e. after energetic treatment at biogas production) on the hydrophysical properties and
characteristics of soil and compare them with hydrophysical characteristics of the soil after the
application of raw liquid organic waste, resp. of the non-fertilized soil.
3. MATERIAL AND METHODS
The hydrophysical properties and soil characteristics were determined from undisturbed soil samples
taken from different variants of field experiment (Table 1). To address the issue, a cooperative of Figa
- Bátka (Slovakia) was selected which has built a biogas digester with a reactor capacity of 2x2500 m3.
The organic waste from pig and poultry production was processed in this device in quantity of max.
166 tons per day. Experimental sites, where field experiments were established, are located on land of
cooperative in the municipality of Barca in the Rimavská Sobota district (Fig. 1). Geographically, the
territory of the municipality is located in Rimavská Basin, which is part of the Tertiary subsidence
basin. The main soil units on the experimental sites fit among the Stagni-Haplic Luvisols (locally
Stagnosols with deeper humus horizon) on loess and polygenic clays, eroded Luvisols on polygenic
clays, and Regosols on neogene sediments. These are medium and heavy soils of fine granular
structure with a skeleton to a depth of 0.6 m below 10%. According to the texture categories under
Novak classification scale of texture and a content of fraction < 0.01 mm, the soil texture is clay loam.
CaCO3 content ranges from 0.05 up to 0.15%, soil reaction ranges from 5.05 up to 6.80 pH. Depth of
humus is balanced - from 26 up to 31 cm with humus content of 2.53 - 3.11%.
An alfalfa-grass mixture was grown on the sites in all variants before establishing the experiment. In
the spring of the first year of the experiment, winter wheat was grown at all variants and it was
fertilized by inorganic fertilizer LAV 150 kg / ha.
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VOXUU\LQFRUSRUDWLRQLQWRWKHVRLOZDVGRQHE\VKDOORZSORXJKLQJ XSWRFP 

Fig. 1. Location of study site (Barca) in Europe and Slovak Republic
4. RESULTS AND DISCUSSION
The use of liquid organic waste for fertilizing and its impact on hydrophysical soil properties was
examined in the field conditions using two kinds of slurry, namely the digestate (anaerobically
processed slurry) and raw slurry (Table 2).
$VVHVVLQJWKHLPSDFWRI WKUHH -\HDUIHUWLOL]DWLRQZLWKWKHGLJHVWDWH '< RQWKHK\GURSK\VLFDO
SURSHUWLHVRIWKHVRLOEHLQJIHUWLOL]HGLQFRPSDULVRQZLWKWKHK\GURSK\VLFDOSURSHUWLHVRIVRLOIHUWLOL]HG
ZLWKUDZVOXUU\ 6<  ZHFDQFRQFOXGHWKDWDWDGHSWKRIFP 7DEOH WKHDYHUDJHYDOXHRI
FDSLOODU\VXFWLRQFDSDFLW\ q. ZDVKLJKHUE\YROXPHSHUFHQWPD[LPXPFDSLOODU\ZDWHUFDSDFLW\
q.0.E\YROXPHSHUFHQW )LJ WKHDYHUDJHYDOXHRISRURVLW\3E\YROXPHSHUFHQW )LJ 
DQGWKHDYHUDJHYDOXHRIQRQ
-FDSLOODU\SRURVLW\E\YROXPHSHUFHQWUHVSHFWLYHO\:KHQ
FRQVLGHULQJUHGXFHGEXONGHQVLW\DWYDULDQW'<WKHDYHUDJHYDOXHRI rG ZDVORZHUE\NJP -LQ
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comparison with the variant S/3Y (Fig. 4). The average specific weight was lower by 131kg.m-3,
respectively. The average value of hydraulic conductivity – K at the variant with digestate fertilization
(D/3Y) was higher by 7,5 cm.day-1 in comparison to the variant with raw slurry fertilization (Fig. 5).
Table 2. Hydrophysical properties and soil characteristics (medium values)
Variant/year

Sampling
depth

qK

qKMK

D/1Y

1cm

0,465

0,4049

0,0507

CP/1Y

1cm

0,443

0,3948

S/1Y

1cm

0,4081

D/1Y

30cm

CP/1Y

Pn

P

rd

rs

K

[kg.m ]

[cm.d-1]

0,5058

1305

2640

17,6

0,0391

0,468

1414

2667

14,3

0,3552

0,0475

0,4394

1533

2738

13,6

0,4127

0,3675

0,0394

0,4395

1516

2706

23

30cm

0,4015

0,3579

0,0364

0,4261

1698

2963

18,6

S/1Y

30cm

0,3964

0,3395

0,0371

0,425

1699

2957

12,3

D/3Y

1cm

0,4251

0,4127

0,0735

0,4924

1393

2748

19,65

CP/3Y

1cm

0,4594

0,4403

0,0532

0,493

1344

2651

25,55

S/3Y

1cm

0,4056

0,3547

0,0493

0,4494

1585

2879

12,15

D/3Y

30cm

0,4115

0,3837

0,0454

0,443

1477

2652

23,43

CP/3Y

30cm

0,425

0,4129

0,0396

0,4349

1459

2583

22,6

S/3Y

30cm

0,3815

0,3361

0,043

0,4118

1693

2878

13,13
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Fig. 2. Soil qKMK at the depth of 1
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In the first year of fertilizing, there was no significant impact of various fertilizing types on
hydrophysical properties observed at the depth of 30 cm. However, in the third year of fertilizing, the
impact was observed also at the depth of 30 cm.
The difference between the variant
D/3Y with the digestate fertilization and the variant S/3Y with the raw slurry fertilization at the depth
of 30 cm showed the same trend as at the depth of 1 cm (Table 2). The average values of capillary
suction capacity qK and maximum capillary water capacity qKMK were higher on the soil fertilized with
the digestate. This difference was 3 volume percent at qK and 4,8 volume percent at qKMK (Fig. 6),
respectively. The average value of porosity P was higher by 3,1 volume percent (Fig. 7) and the
average value of non-capillary porosity by 0,23 volume percent, respectively. This difference in results
in comparison with the first year of experiment was probably because after three years of fertilizing, a
positive impact of fertilization by the digestate was already shown at the depth of 30 cm. At evaluation
of reduced bulk density rd on the soil fertilized by the digestate, the average value of rd was lower by
216 kg.m-3 (Fig. 8), the average value of specific weight rs was lower by 226 kg.m-3, respectively.
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Fig. 6. Soil qKMK at the depth of 30 cm
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Fig. 7. Soil P at the depth of 30 cm
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Fig. 9. Soil K at the depth of 30 cm

Likewise, at the evaluation of retention capacity it can be concluded, that its value was higher at the
variant with digestate fertilization than at the variant with raw slurry fertilization.
At the depth of 30 cm, the average value of saturated hydraulic conductivity K was higher at the
variant D/3Y by 10,3 cm.day-1 in comparison with the variant S/3Y (Fig. 9). At the variant D/3Y
(digestate fertilization) at the depth of 30 cm, the real moisture qM was higher by 5,9 volume percent.
Comparing the average per-hectare yields of winter wheat grown at particular variants, we can
conclude that in the first year, the higher yield was observed at the variant D/1Y with digestate
fertilization, i.e. 3,60 t.ha-1. The gained yield was 3,48 t.ha-1 at the variant CP/1Y, resp. 3,15 t.ha-1 at
the variant S/1Y fertilized with raw slurry.
5. CONCLUSIONS
Based on the results of the 3-year field experiment, the following conclusions can be formulated. A
positive impact of a digestate on all assessed soil parameters was observed after three years of
fertilization.
In comparison with the first year of fertilizing, fertilization with a digestate (D) caused at a depth of 1
cm:
·

an increase of the average values of qKMK by 4,53%, P by 5,2%, Pn by 87,98%, K by 37,4%

·

a decrease of the average values of rs by 3%. The values of rd have increased by 1,49%.

In comparison with the first year of fertilizing, fertilization with a digestate (D) for a period of 3 years
resulted at the depth of 30 cm in:
·

an increase of the average values of qKMK by 4,4%, P by 2,4%, Pn by 15,2%, K by 1,8%

·

a decrease of the average values of rs by 2% and rd by 2,6%.

The positive impact of the digestate was also observed at variant CP, which served for verification
(was not fertilized) in the first year of establishing the experiment, but in the second resp. third year
was also fertilized with the digestate. At this variant, fertilization resulted at a depth of 1 cm:
· in an increase of the average values of qK by 3,7%, qKMK by 11,5%, P by 5,3%, Pn by 36,4%, K
by 1,8%
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· in a decrease of the average values of rs by 0,6% and rd by 5%.
The impact of the digestate on the initially non-fertilized variant was reflected in:
· an increase of the average values of qK by 6.25%, qKMK by 15.3%, P by 1.8%, Pn by 8.8%, K by
82.5%
· a decrease of the average values of rs by 13% and rd by14%.
An overall improvement of the hydrophysical soil properties at a depth of 1 cm can be linked with the
high natural self-regulation ability of the soil to sustain a favourable physical state which is defined by
a specific balance of the forces between a soil inner-phase state and an interaction effect of the natural
forces on the soil (wetting – drying, swelling – shrinking) and the related volume changes of soil. But
we assume that the direct application of the digestate had a crucial share on this improvement. Besides
the impact of digestate application, it is necessary to consider the negative impacts associated with
harvesting operations as well as mechanisms at digestate application and its incorporation in the soil
by shallow ploughing (up to 5 cm).
Fertilization with raw slurry aggravated the hydro-physical soil properties in comparison with the
verification variant (controlling variant CP). At a depth of 1 cm, it was shown by:
· a decrease of the average values of qK by 8,4%, qKMK by 10,2%, P by 4,0%, K by 15%
· an increase of the average values of rs by 7,9% and rd by 12%
· the only positively rated characteristic was Pn, which value has increased by 26%.
At the depth of 30 cm, fertilization with raw slurry resulted in:
·

a decrease of the average values of qK by 4,6%, qKMK by 6,1%, P by 3,3%, K by 29,34%

· an increase of the average values of rs by 3% and rd by 1%
· similarly like at the depth of 1 cm, Pn is the positively rated characteristic and its value has
increased by 18%.
Practice recommendations:
Slurry processed by anaerobic fermentation appears to be a very favourable organic fertilizer, because
its application results in the improvement of hydrophysical soil properties, what has a positive effect
on the overall soil moisture regime.
During the process of anaerobic fermentation, originally difficultly utilized and environmentally
aggressive material is transformed into the organic fertilizer containing the nutrients in a form suitable
for application in crop production.
Average per-hectare yields of winter wheat fertilized by the digestate were, depending on the used
variant, higher by 10-14% in comparison with the raw-slurry variant.
The use of anaerobically processed waste reduces a demand on fertilizers consumption, moreover,
there is a deodorized product formed with eliminated weed seed germination and a significantly
reduced number of pathogenic germs. A secondary asset of digestate application is saving of pesticides
what once again favourably influences the protection for the environment components.
The advantage of anaerobic processing of organic waste corresponds with the worldwide trend of
nutrient recycling in the organic matter cycle and limits the demand for input of industrially produced
nutrients into a food chain. Since the agricultural crops are not fertilized with the industrially produced
fertilizers, they have the nature of ecological food and thus better realization at the market.
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Abstract
This thesis is interested in a question of soil freezing trends in conditions of climate change on locality
Danubian lowland. Soil temperature is a significant ecological factor. It makes decision about water
and nutrition uptake of plants. At temperatures T ≤ 0,0 °C the water and nutrition uptake of plants is
stopping and physiological drought is coming up, even though the soil is still enough wet. Last 25
years in condition of Slovakia soil freezes under the snow cover at average into the depth of 30 – 40
cm and with the little snow cover or without it into the depth of 80 – 120 cm. Climate change is term
which is use to describe negative climate effects of global warming on our Earth.
Key words: soil freezing, climate change, soil temperature, DNDC model
1. INTRODUCTION
Soil freezing and thawing is an important characteristic of soil climate, mostly from the point view of
agricultural production, civil engineering, transport and other components of the national economy.
Freezing, respectively thawing of the soil causes important significant changes, particularly in the term
of plants hibernation.
The soil freezing is characterized by the speed of low temperatures diffusion in the soil, depth,
intensity and low temperatures duration. Diffusion speed of the freezing is expressed by the process of
icing from the surface into the soil depth in cm per hour. Depth of soil freezing is determined by
power of frozen soil in cm and the duration of the freezing is given by range from the first onset of
freezing in the soil until its ending.
Freezing and thawing effects on soil can be both positive and negative. Freezing positive effects are
expressed mainly in the winter by keeping the plough layer in gross furrow where the soil passes
through the volume changes, which encourage disintegration of lumps and soil maturity. This
phenomenon is significant particularly for the creation of soil maturity. Very adverse influence volume
change in soil freezing and thawing of the root system of plants, especially winter crops. In freezing its
surface is lifting and this soil lift can cause the roots tearing. By contrast, in the thawing soil settles
and this causes plants drawing-up. These issues were solved by several authors (Sotáková (1981),
Sobocká et al. (2005) and others).
2. MATERIAL AND METHODS
For the solution of following problematic were used climate data from meteorological station
Hurbanovo (γ = 47 ° 52 ', λ = 18 ° 11', 115 m a.s.l.), which were provided by the Slovak
Hydrometeorological Institute in Bratislava. This meteorological station is according to SHMÚ
classified as the professional automatic meteorological station (SHMÚ, 2001) and is located in the
south western part of Slovakia in the Danubian Lowland, on the confluence of rivers Žitava and Nitra.
Automatic meteorological station is situated in an altitude of 115 m above sea level, on the warmest
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place the of Danubian lowland, which together with the local climate and suitable soil conditions
predestinate this locality as an agricultural area.
Soil freezing trends were processed by using the DNDC model. Input to the DNDC model were air
temperature and precipitation in the years 1968 – 2009 on selected locality- Hurbanovo, as well as the
main soil parameters: soil type, density, pH and initial soil organic carbon capacity in the top layer and
others.
2.1 DNDC model
DNDC model is a process, oriented on computer simulation of soil carbon and nitrogen. It consists of
two components. The first contains the soil climate, crop growth and decomposition sub-models and
predicts soil temperature, moisture, pH, redox potential (Eh) and profiles substrate concentration
which is actuated with environmental components (climate, soil, vegetation, anthropogenic activity).
The second activity consists of nitrification, denitrification and fermentation sub-models; it predicts
NO, N2O, CH4 and NH3, flows, based on modelled environmental factors.
Model is controlled by four major environmental components: climate, soil physical properties,
vegetation and anthropogenic activity. Exact input data for these components will ensure the success
of the simulations, disregarding of local and regional scale.
2.2 DNDC model input data
DNDC model works in two modes: local and regional. For the local calculations is necessary to insert
the entire required control parameters trough the local link. During the regional calculations, DNDC
reads all the database file control parameters, which must be prepared in advance.
For modelling of soil temperatures in Hurbanovo is suitable local mode. At the beginning of modelling
is necessary input processing in the three dialog boxes: 1. local climatic information, 2. soil
information, 3. information about agricultural activities.
In a block of agricultural activity are several sub-cells, which allow you to define any specific action,
such as crop type and rotation, tillage, fertilization, additive fertilization, irrigation, flooding, grazing
and weeding.
2.2.1 Location and climate
DNDC provides default values for the atmospheric background concentrations of ammonia and carbon
dioxide. In a first step we determine the latitude = 48 ° and longitude = 18°, the annual average N
(soluble nitrate and ammonium) concentrations in precipitation = 0.32 mg N/l. Original daily
meteorological data files must be in text format (i.e. ASCII). Each year has an individual file.
2.2.2 Land
For meteorological station Hurbanovo soil data are the following:
·

Current territory - dry meadows / pastures

·

Soil type - designated from the International classification of soil types USDA - 12 soil types,
which is determined according to the percentage of three basic granularity fractions - sand,
dust and clay (Fulajtár, 2006). Soil type on station Hurbanovo is sandy loam.

·

Soil bulk density in the surface layer is 1.51 g/cm-3, soil pH in the surface layer was 6.88.

·

Total soil organic carbon capacity can be calculated with using of the following formula:
ܱܥ௫ = ሺℎݏݑ݉ݑ%Τ1.724ሻΤ100
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·

Represented percentage of humus in the soil = 2.84, from which is the soil carbon total
capacity content 0.0165 kg c/ kg. (Linkeš, et al. 1988), (Skalsky, Balkovič, 2002).

2.2.3 Farm Management
In this step, is entered a rotation system defined by rotation during the whole simulated time span, the
number of years in each rotation and the number of years in period specific rotation. As in the studied
area the land is cultivated, the number of rotations is 1 and no other value is unchanged.
3. RESULTS AND DISCUSSION
3.1 Finding a relation between temperature and soil freezing
On dependence determination of soil freezing on soil temperatures, is the easiest and the best way to
determine regression. On given input data was the most appropriate regression by polynomial function
of 3rd series, where the determination coefficient R2 = 0.5181, which declares the high evidential limit
(Fig. 1).

Fig. 1. Dependence between temperature and soil freezing
3.2 Test model DNDC
Inputs to the DNDC model were air temperature and precipitations between years
1968 - 2009.
Further, were required main soil parameters (soil type, density, and pH and initial soil organic carbon
capacity in the top layer). On the test were randomly selected years (1997, 1999, 2003, and 2006) and
comparison of measured and modelled data was evaluated by using the chart (Fig. 2). Values differ at
least, which means very good accuracy of DNDC model.
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3.3 Modelling
Input data for modeling are the actual air temperature and precipitation obtained from climate change
scenario A1B, for the years 2021 to 2050 and from 2071 to 2100, were provided by Research Institute
of Soil Science and Conservation. The main soil parameters details remain unchanged. (SHMÚ vs.
climatic model ALADIN_emission scenarios SRES A1B).
Climate scenario is defined as internally consistent appreciation of future climate change which is
constructed by methods based on healthy scientific principles that can provide rational answers about
the functioning of environmental and social systems in climate change in the future (Viner, Hulme,
1994 cited in Horák, 2009). DNDC model was used for processing and comparison of soil freeze and
following were formed average deviations. Figure 3 shows selected time slices of studied periods.

Fig. 2. Measured and modelled values in the randomly selected years

Average deviation = 1,6 cm
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Average deviation = 2,1 cm

Average deviation = 4,4 cm

Fig. 3. Selected time slices of studied periods with average deviations
3.4. Soil freezing calculation for years 2021 - 2050 and 2071 – 2100
The output of the DNDC model was the temperature at 5 cm soil layer. Substituting values into the
regression equation for the X value, we calculated the Y value, which represents the value of soil
exposure to freezing temperatures in given day (Fig. 4).

Average number of days with frozen soil in the years 1968 - 2009 = 55
Average number of days with frozen soil in the years 2021 - 2050, 2071 - 2100 = 44

The maximum average depth of freezing in the years 1968 - 2009 = 19 cm
The maximum average depth of freezing in the years 2021 - 2050, 2071 - 2100 = 26 cm

Fig. 4. Values of soil freezing in given time period
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5. CONCLUSIONS
Currently are consequences of growing greenhouse effect in atmosphere on the increasing of average
air temperature over the whole Earth (global warming) the best studied. Depending on how will be
mankind behave in the future 100 years to the emission of greenhouse gases into the atmosphere, it is
possible that the average global temperature in 2100 gradually increase, compared with the average
temperature in the period from 1971 to 2000 from 1.0 to 3.0° C. In each places of the Earth may be
according to different scenarios in the next century changes in the annual average air temperature from
a unequable weak decreasing (a small coastal marine area) to unequable growth of 10 ° C (North
Asia), in our conditions probably unequable increase an annual average air temperature of 2 to 4 ° C.
The notion of unequable growth we understand that climate change may not achieve the same change
in every decade of the next century and may occur situation that in one of the next decade will be less
growth than in previous (Lapin, 2009).
Evaluating the number of days of soil freezing were in the years 1968 - 2008 the average number with
frozen soil is 55. Interesting is that, the graphical representation of the trend line shows a relatively
stabilized process. Based on the model and the regression equation is for the years 2021 - 2050 and
2071 - 2100 the average number of days of soil freezing is 44. The course of the trend line in this
period decreases significantly.
Maximum depth of soil freezing is according to measured values in the years 1986 - 2008, we can
subjoin to aberrations in calculations and modelling, but it can also be resulted to weather events and
possible thermal extremes that climate change has brought. However, the trend line again shows the
decline in soil freezing depth.
It is clear that climate change and atmospheric greenhouse effect associated with it caused the
increasing of air temperature and soil and markedly influence soil freezing. According to modelled
calculations of soil freezing during the winter period shortened and depth of soil freezing is
decreasing. This can have a positive impact on the plants wintering, on which has soil freezing a
negative impact. Temperatures increasing leads to the fact that on the area of Slovakia, thermal
conditions of Danubian lowland will be probably transferred gradually somewhere in the area from
Banská Bystrica to the Orava´s region, which affects the type of grown crops in the area. At higher
altitudes will be possible to grown thermophilic plants.
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Abstract
Nitrous oxide (N2O) emissions are difficult to quantify at regional scales due to their spatial and
temporal variability caused by the different climate, soil properties and farming practices at different
field sites. There was used a process-based DNDC (Denitrification-Decomposition) model with input
data on the soils, climate and farming management to predict a direct net N2O emissions from arable
soils in Nitra region in 2008. The simulated DNDC emission factors (EFs) were compared to the EF
of the IPCC methodology. Using the DNDC model, we estimated total N2O emissions of Nitra region
to be 4835 t N2O-N yr-1 of which 18% came from a background source (854 t N2O-N yr-1) and 82%
from an applications of fertilizer and manure (3981 t N2O-N yr-1). The mean net N2O emission rate
was 7.8 kg N2O-N ha-1 yr-1 (7.7% of the added N). This range didn’t fall within the IPCC EF of
1.25±1.0%. Spatial variability in emissions was caused by variability of soil properties (especially by
SOC, where the highest N2O emissions rates were found with SOC in range of 1.6-2.0 %; and on silt
loam soils). Also the crop types influenced spatial variability where among all the crops included in
modeling, the highest loss rates of N2O were simulated for rapeseed, sunflower and winter wheat.
These results can be useful for an illustration of the spatial variations in N2O emissions caused by
differences in the soil, farming management and weather conditions which are not included in the
IPCC methodology.
Key words: inventory, N2O emission, arable soils, DNDC model, IPCC methodology
1. INTRODUCTION
A global climate change caused by anthropogenic emission of greenhouse gases (CO2, CH4, N2O) is
one of the most important environmental problems in the latest human history. Nitrous oxide (N2O)
emissions from agriculture reach approximately 70% of annual global N2O emissions (Mosier, 2001)
and approximately 75% of all N2O emissions in Slovakia (Šiška, Igaz, 2005). The Slovak Republic as
one of the signatory states of the United Nations Framework on Climate Change (UNFCC) and
according to the Kyoto protocol is required to quantify an annual national inventory of N2O emission
from all anthropogenic sources including soils. Emission of this gas from agricultural soils is regulated
by several key properties such as soil moisture, temperature, mineral nitrogen (N), available soil
organic carbon (SOC) and pH, and is always varying in space and time (Dobbie et al., 1999). An
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approach that is currently used in Slovakia to estimate the sources of N2O emission from agriculture is
that provided by IPCC (1997) (Eq. 1).
(1)
This methodology includes direct N2O emission from soils, emissions from animal waste
management, and indirect agricultural N2O emissions. This approach uses the emission factors (EFs),
which for direct N2O emissions from the soil specify the fraction of N input (N-fertiliser, manure, crop
residues returned to the field, and N fixed by leguminous crops) that is emitted as N2O to the
atmosphere. The EF is in range of 1.25 ± 1.0 % of total applied N. N2O emissions from animals are
defined and calculated according to the different kinds of animal waste management system. Indirect
agricultural N2O emissions are caused by denitrification of N leaving arable land via leaching and
runoff. The IPCC approach requires the national statistics on synthetic fertilizer use, livestock
populations, and crop residue management. It doesn’t take into an account data on cropland areas,
soils, climate, fertilizer types, or other details of farming management. Although the EFs were derived
from the field measurements in a variety of countries (not in Slovakia) at sites with various soils,
climate and crops, there can be still found the important differences across the country in the
interactions between the soil/climate/farming management conditions which may lead to the high
spatial differences in N2O emission, uncertainties in the national and regional estimates and challenge
for assessing potential effect of mitigation strategies. A process-based models of C and N
biogeochemical cycling are powerful tools in the agro-ecosystem studies which take into account
factors such as soil, climate and farming management. The DNDC model (DeNitrificatinDeComposition) (Li et al., 1992) which simulates the production of N2O, CO2 and CH4 emissions is
one of them. This model is a detailed synthesis of processes controlling C and N cycling in soils. It
was developed to predict soil N2O fluxes produced by nitrification and denitrification, and soil CO2
respiration. The model also simulates dynamic behavior of variety of C and N pools in the soil.
In this paper we used the DNDC model to simulate the estimates of direct N2O emission from arable
soils in 2008. The area of interest for this study was one of the 8 Slovak regions (Nitra region
[Nitriansky samosprávny kraj]) for which we had available well-documented soil and climate
conditions as well as farming management. Finally, we compared the results of the simulated emission
factors with the EF of the IPCC methodology which is currently used for the national inventory of
N2O in condition of the Slovak Republic.
2. MATERIAL AND METHODS
2.1 Model description
The Denitrification-Decomposition (DNDC) model (Li, 2000) was used in this study to produce an
annual direct N2O emission inventory from arable soils in Nitra region in 2008. The DNDC model is a
process-oriented computer simulation model of carbon and nitrogen biogeochemistry in
agroecosystems. The model consists of two components. The first component, consisting of the soil
climate, crop growth and decomposition sub-models, predicts soil temperature, moisture, pH, redox
potential (Eh) and substrate concentration profiles driven by ecological drivers (e.g., climate, soil,
vegetation and anthropogenic activity). The second component, consisting of the nitrification,
denitrification and fermentation sub-models, predicts emissions of carbon dioxide (CO2), methane
(CH4), ammonia (NH3), nitric oxide (NO), nitrous oxide (N2O) and dinitrogen (N2) from the plant-soil
systems. Classical laws of physics, chemistry and biology, as well as the empirical equations
generated from the laboratory studies, have been incorporated in the model to parameterize each
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specific geochemical or biochemical reaction. The entire model forms a bridge between the C and N
biogeochemical cycles and the primary ecological drivers.
The input parameters required by DNDC include daily temperature and precipitation, soil bulk
density, texture, organic carbon content, pH, and farming practices (e.g., crop type, tillage,
fertilization, manure amendment, planting and harvesting seasons, etc.)
The DNDC model has been validated against field data sets observed worldwide (Li et al., 1996;
Frolking et al., 1998; Plant, 1999; Weitz, 1999; Brown et al., 2001; Smith et al., 2002) and also has
been used on large national and regional N-trace gas emission inventories (Giltrap et al., 2008; Li et
al., 1996; Li et al., 2001; Butterbach-Bahl et al., 2004; Pathak et al., 2005).
2.2 Regional input data
The important fact in applying the processed-based ecosystem model at the regional scale is obtaining
adequate data sets needed to start the model simulations. We developed region scale data inputs
representing soil properties, climate, and farming management required for simulation of N2O
emissions with DNDC. The Nitra region was divided into thiessen polygons (known as proximity
polygons) over which the soil properties, climate and farming management data were considered to
remain constant (Fig. 1). This region is situated in the southwest of Slovakia, mostly in the eastern part
of the Danubian Lowland. It is divided into two sub-units: the Danubian Flat in the south-west, with
eastern part of the Žitný ostrov island, and the Danubian Hills in the north, centre and east. The Nitra
region (6341.3 km2) with arable soils (4009.3 km2) covering 89% of total agriculturally used area
belongs to the maize agricultural region with the most intensive agricultural production. The study
area (arable soils) rises from 97 m up to the 574 m a.s.l. with the average altitude of 156 m a.s.l. The
region climate fits to the warm macro-region, with annual air temperature of 9,8 °C and precipitation
of 539 mm according to 30-year climatic normal.

Fig. 1. Arable soils and location of climatic stations with assignment to the neighbour polygons in the
Nitra region

231

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

Journal of International Scientific Publications:
Ecology & Safety, Volume 5, Part 1
ISSN 1313-2563, Published at: http://www.science-journals.eu
2.2.1 Climate
The daily weather data for 2008 (daily rainfall as well as daily values of maximum and minimum
temperatures) were obtained from 11 climate stations located in the Nitra region which were provided
by the Slovak Hydrometeorological Institute (SHMI) (Tab. 1). Each polygon was assigned to the
neighbour available climate station accounting altitude and climatic regions (Fig. 1). The average
distance between polygons and climatic stations is 15.2 km (maximum: 61.1 km; minimum: 0.4 km).
Table 1. Localization of climatic stations and relevant weather data in the Nitra region in 2008
Mean annual
air
temperature
[°C]

Altitude

Latitude

Longitude

Precipitation
[mm]

Žiharec

112

48° 04´ 13´´

17° 52´ 55´´

578

11.5

Hurbanovo

115

47° 52´ 24´´

18° 11´ 40´´

538

11.9

Želiezovce

137

48° 02´ 58´´

18° 39´ 39´´

657

11.6

Veľké Ripňany

188

48° 30´ 38´´

17° 59´ 26´´

531

11.0

Topoľčany

180

48° 33´ 50´´

18° 09´ 22´´

534

11.6

Nitra

135

48° 16´ 50´´

18° 08´ 08´´

529

11.2

Žikava

318

48° 27´ 31´´

18° 23´ 25´´

642

10.6

Tesárske Mlyňany

196

48° 19´ 21´´

18° 22´ 10´´

590

11.1

Mochovce

261

48° 17´ 22´´

18° 27´ 22´´

632

11.0

Podhájska

140

48° 06´ 27´´

18° 20´ 21´´

592

11.3

Dudince

140

48°10´ 00´´

18° 52´ 28´´

704

11.0

Climatic station

2.2.2 Soils
The input data about the soil properties used in this study were obtained from the database of two
research projects (APVV and APVV). This database obtained by a soil survey (during years 20052010) provides a spatial distribution of SOC, clay content, pH and bulk density. The soil samples were
taken from a grid area of 5x5 km to the depth of 0.40 m. Proximity polygons were made around each
sampling point in which the soil properties were considered to remain constant. The spatial
distribution of input soil data for DNDC simulation is presented at the regional scale in Figure 2. The
mean SOC content for the arable soils was 1.5% and varied in range of 0.4-3.7% (Fig. 2a). The
majority of the soils had SOC content in range of 1.2-1.6% (36.4 % of arable soils) and 0.8-1.2%
(23.3% of arable soils) which is low. The mean particles size (< 0.002) defined as clay (USDA
classification) was 23 % (Fig. 2b) where most of the soils belonged to the loam and silt loam texture
classes with acreage of 124 965 ha (31% of arable soils) and 120 514 ha (30% of arable soils),
respectively. The mean pH was 7.0 (ranging from 4.6 up to 8.1) with a majority of soil being alkaline
(pH>7; 61% of arable soils) (Fig. 2c) and the mean bulk density was 1.5 g.cm-3 (ranging from 1.2 up
to 1.9 g.cm-3) (Fig. 2d).
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Fig. 2. Spatial distribution of SOC (a), clay content (b), pH (c) and bulk density (d) in the Nitra region
2.2.3 Farming management
The regional scale input data on crop sowing areas were obtained from the Statistical Office of the
Slovak Republic (SOSR, 2011). A total sowing area in the Nitra region in 2008 was 400930 ha. There
were chosen 10 major crop types for this study which accounted 95% of the total sowing area (Tab. 2).
These crops were applied on the whole sowing area. The total N input from N-fertilizer was 29475
tons N and the total N input from manure (solid, liquid) was 12023 tons (obtained from SHMIunpublished nitrogen inputs from fertilizers and manure management in Nitra region processed by
Assoc. Prof. Dr. Bernard Šiška according to IPCC methodology (IPCC, 1997)). According to Bielek
(1998), nitrogen from manure was recalculated on farmyard manure (FYM) based on N in a solid form
and on slurry based on N in liquid form assuming that FYM and slurry should have a content of
nitrogen in a range of 0.4-0.6% and 0.2-0.3%, respectively. We used the average value in both cases.
Table 2 shows the area of each crop, the average rates of N-fertilizer and manure (slurry and farmyard)
applied to each crop as well as the total amount of N-fertilizers and manure applied in the Nitra region
in 2008.
The N-fertilizers application rate and other information on farming practices for each crop including
the timing for tillage, planting day, harvesting day, etc. were set according to the individual needs of
crops recommended in terms of good agricultural practices (Bárek and Halaj, 2009; Bárek et al., 2008;
233

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

Journal of International Scientific Publications:
Ecology & Safety, Volume 5, Part 1
ISSN 1313-2563, Published at: http://www.science-journals.eu
Halaj et al., 2007; Jurík et al., 2007; Bárek and Halaj, 2006; Jurík et al., 2005; Karabínová et al., 2001;
Fecenko and Ložek, 2000; Molnárová and Žembery, 1999). All field visits were set to days with no
rainfall during 2 previous days. Since there was no statistical data on distribution of FYM and slurry to
each crop, we assumed that manure was spread in approximately equal amounts on the whole sowing
area of crops excluding the sowing area of alfalfa.
Table 2. N-fertilizers and manure (FYM, slurry) applied to crops in the Nitra region in 2008
Manure rate [t.ha-1]

Total manure [t]

FYM

Slurry

FYM

Slurry

11278

3,3

5,8

409477

715109

49

3615

3,3

5,8

249071

434978

64908

79

4984

3,3

5,8

214750

375038

Rapeseed

54697

101

5312

3,3

5,8

180966

316039

Sunflower

34436

69

2241

3,3

5,8

113932

198970

Silage corn

15597

69

941

3,4

5,8

53162

90119

Alfalfa

13908

20

239

0,0

0,0

0

0

Winter barley

6726

78

370

3,6

5,8

24272

38865

Winter rye

6532

60

275

3,5

5,8

22942

37739

Sugar beet

5083

70

219

3,5

5,8

17828

29543

Total

400930

1286400

2236401

Crop

Sowing
area
[ha]

N-fertilizer
rate [kg.ha-1]

Total
N-fertilizer
[t]

Winter wheat

123764

93

Spring barley

75281

Corn

29475

2.3 Model estimates
In this study, we used the general version of the DNDC model without any specific calibrations or
validations for the Nitra region. Single year simulations (2008) were generated for each crop in each
polygon to get total estimates of N2O emission. However, our objective was to determine the direct
„net N2O” emissions from arable soils representing emission produced as a result of agricultural N
applications (from fertilizer and manure) in the Nitra region in 2008. To do this, the „background”
runs were undertaken using the same datasets without any fertilizer and manure application, except the
atmosphere source. Net N2O emissions were then converted into emissions factors (EFs) from N
sources and compared to the value of fixed EF of IPCC methodology which is 1.25 ± 1.0 % of applied
N (fertilizer, manure, green manure and N fixed by leguminous crops). To get a total net N2O emission
in the Nitra region, we multiplied the emission rate (kg N2O-N ha-1 yr-1) of each crop by the crop
sowing areas in each polygon, and summing these totals for all crops in a polygon. After that polygon
totals were summed to get total net N2O emissions in the Nitra region.
3. RESULTS
The result database contains 4009.3 km2 of sown arable soils in the Nitra region for 2008. The total Nfertilizer input was 29475 tons with manure containing FYM and slurry at total amounts of 1286400
and 2236401 tons, respectively. The simulation of N2O emissions from arable soils required 4540
simulation runs for one year and 227 polygons. The region mean fertilization rate was 69 kg N ha-1.
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The mean net N2O emission rates for individual polygons ranged from 0.01 up to 45.0 kg N2O-N ha-1
yr-1 with an average value of 7.8 kg N2O-N ha-1 yr-1 (Fig. 3a). The polygons' average emission factors
varied from 0.08% to greater than 20% with an average value of 7.7 % (Fig. 3b and Tab. 3).

Fig. 3. Net N2O emission rates (a) and N2O emissions factors (b) for the Nitra region in 2008
Among all the simulated crops, the highest loss rates of net N2O were simulated for rapeseed,
sunflower and winter wheat which equated to 18.9, 13.3 and 10.0 kg N2O-N ha-1 yr-1, respectively
(Tab. 3). Rapeseed and winter wheat received the highest input of mineral N-fertilizer (101 resp. 93 kg
N ha-1 yr-1) except sunflower which received region's average input (69 kg N ha-1 yr-1) (Tab. 2). The
highest net N2O emissions were simulated for silt loam soils. Spatial variability of other soil properties
caused that the highest N2O emissions rates were found with SOC in range of 1.6-2.0 % with pH in
range of 6.5 - 7.5 and with bulk density in range of 1.6-2.0 g.cm-3. On the other hand, the lowest net
N2O emissions were found on clay loam texture class; SOC below 0.8%; bulk density below 1.3
g.cm-3 and pH below 5.5.
Table 4 shows the total, background and net N2O emission. Total net N2O emission for arable soils in
the Nitra region in 2008 was 3981 t N2O-N yr-1. Four crops winter wheat (32%), rapeseed (27%),
sunflower (13%) and corn (13%) accounted for 85% of total net N2O emissions in the Nitra region in
2008 (Fig. 4). These crops had the highest sowing areas (Tab. 2) as well as the highest emission rates
(Tab. 3). 854 tons of N2O-N yr-1 were simulated from the soils with the absence of mineral fertilizer
and manure which accounted 18% of the total N2O emission.
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Table 3. Simulated mean total, background and net N2O emission rates of simulated crops for the
Nitra region in 2008
Mean background N2O
[kg N2O-N ha-1 yr-1]

Mean net N2O
[kg N2O-N ha-1 yr-1]

Mean EF

Crop

Mean total N2O
[kg N2O-N ha-1 yr-1]

Winter wheat

11.1

1.1

10.0

8.1

Spring barley

6.2

1.8

4.4

5.6

Corn

10.3

3.2

7.1

6.5

Rapeseed

20.8

1.8

18.9

18.8

Sunflower

15.7

2.4

13.3

13.3

Sillage corn

9.5

3.1

6.3

6.3

Alfalfa

1.8

1.6

0.2

01.2

Winter barley

11.0

6.3

4.7

4.3

Winter rye

5.4

1.1

4.3

4.7

Sugar beet

10.1

2.1

8.0

7.9

Total/mean

10.2

2.5

7.8

7.7

[%]

Table 4. Modeled total, background and net N2O emission of simulated crops for the Nitra region in
2008
Crop

Total N2O [tons N2O]

Background N2O [tons N2O]

Net N2O [tons N2O]

Winter wheat

1459

139

1319

Spring barley

498

148

350

Corn

734

235

499

Rapeseed

1186

107

1080

Sunflower

612

92

520

Sillage corn

163

55

107

Alfalfa

27

23

3

Winter barley

62

35

28

Winter rye

37

7

30

Sugar beet

57

12

45

Total/mean

4835

854

3981
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1 Winter wheat

5

1

2 Spring barley
3 Corn
4 Rapeseed
5 Sunflower
6 Sillage corn
7 Alfalfa
8 Winter barley

4
2
3

9 Winter rye
10 Sugar beet

Fig. 4. Contribution of all simulated crops to the total net N2O emission (3981 t N2O-N yr-1) for the
Nitra region in 2008
4. DISCUSSION
The aim of this study was to produce Nitra region's estimate of the net N2O emissions from arable
soils in 2008 using the DNDC model and compare the results of the simulated emission factors (EFs)
with the EF of the IPCC methodology which is currently used for the national inventory of N2O in
condition of the Slovak Republic. To make a comparison of the simulated EF with the EF of IPCC
methodology, the estimates of background emission were excluded from the emission estimate as it
occurs in the IPCC. Our simulated results of net N2O emissions gave an average EF of 7.7%. This EF
was higher then those of IPCC which is 1.25±1.0% for nitrogen applied to a field as a synthetic
fertilizer, manure, crop residue or due to biological N fixation. Our simulated EF was more than three
times higher in comparison to the high EF of IPCC (2.25%). IPCC methodology uses constant
emission factors to calculate the fraction of applied nitrogen that is emitted to the atmosphere as N2O.
It does not consider any potential interactions or feedbacks between various components of nitrogen
cycles, or agricultural management as well as weather conditions. Our modeling study showed
significant temporal and spatial variation in emission factors (Fig. 3b). The soil properties, field
management practices as well as the weather conditions influenced the emission factor.
The simulated total N2O emissions of the Nitra region were 4835 t N2O-N yr-1 of which 18% comes
from the background source (854 t N2O-N yr-1) and 82% from the applications of fertilizer and
manure (3981 t N2O-N yr-1). In this case, background emission does not make an important
contribution to the total N2O emissions and the anthropogenic activities still remain the main factor
influencing N2O emissions.
The DNDC model hasn’t been validated against the field measurements of N2O emissions because this
kind of research absents until today in condition of the Slovak Republic. But this model has been
validated worldwide (Li et al., 1996; Frolking et al., 1998; Plant, 1999; Weitz, 1999; Brown et al.,
2001; Smith et al., 2002) over different climate zones, soil properties and land uses, so we assumed
that the results obtained in our study are supposed to be reasonable. DNDC as a process-based model
can be used for estimation of N2O inventories or for developing of mitigation strategies and can help
to the policy makers to identify high risk areas for N2O emissions. Mitigation strategies can be
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identified in much greater detail, focusing not only on changing the amount of N fertilizer, but also on
the type, timing and method of its application. It can be also identified which crop type in which area
has the greatest N2O emissions rate, so the mitigation can be directed on this area more effectively. It
can identify and asses the effect of any single model input parameter on N2O emissions, including the
soil properties, weather conditions and farming management practices.
5. CONCLUSIONS
According to the results analysis, it can be concluded that:
§ the DNDC model estimated total N2O emissions of Nitra region to be 4835 t N2O-N yr-1 of which
18% came from the background source (854 t N2O-N yr-1) and 82% from the applications of fertilizer
and manure (3981 t N2O-N yr-1);
§ the mean net N2O emission rate was 7.8 kg N2O-N ha-1 yr-1 (7.7% of the added N). This range
didn’t fall within the IPCC's EF of 1.25±1.0%. However, the EF had high variability from polygon to
polygon, ranging from 0.08% to greater than 20%;
§ spatial variability in emission distribution was caused by variability of the soil properties
(especially of SOC, where the highest N2O emissions rates were found with SOC in range of 1.6-2.0
%; on the silt loam soils with pH in range of 6.5 - 7.5.);
§ also the crop types influenced spatial variability where among all the simulated crops, the highest
loss rates of N2O were simulated for rapeseed, sunflower and winter wheat which equated to 18.9,
13.3 and 10.0 kg N2O-N ha-1 yr-1, respectively. These 3 crops together with corn contributed to 85% of
the total net N2O emissions for the Nitra region in 2008.
These results can help to focus mitigation strategies on areas with high EF, and can be useful for
illustration of the spatial variations in N2O emissions and N2O emissions factors caused by differences
in soil, farming management and weather conditions which are not included in the IPCC methodology.
The DNDC model can be also useful if we want to explore the consequences of various mitigation
strategies in terms of N2O production and crop yields as well. However, before that, the DNDC model
needs to be validated in the condition of the Slovak Republic.
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Abstract
A change of content of the inorganic nitrogen forms as well as the impact of fertilization and two crop
systems were monitored at the research-experimental station of the Research Institute of Plant
Production in Piešťany-Borovce during the years 1997-2002. Two fertilization techniques (farmyard
manure and N, P, K + straw) and two crop systems (biological and cereal) were used in those
experiments. The inorganic nitrogen form contents were measured in the soil profile down to the depth
of 3 m and graphically presented in the MS Excel interface. From the evaluation of the observed
nitrogen forms results can be concluded that ammonium nitrogen in the soil was not a subject to
significant changes. The values ranged from 0.04 up to 10.9 mg.kg-1. The nitrate nitrogen content was
more variable in comparison to ammonium nitrogen. The values ranged between 0.1 up to 86 mg.kg-1.
The highest amount of total nitrogen was present at the depth of 5 cm in the soil cultivated by
conventional tillage in the autumn 2000, when winter wheat fertilized by farmyard manure was grown
on the site. In the terms of groundwater resources pollution, the variant of cereal crop system
fertilized by farmyard manure was shown as the least suitable variant with the highest nitrogen
content in the deeper layers when it was compared to the other variants.
Key words: nitrate nitrogen, soil management, tillage, crop rotation
1. INTRODUCTION
A large amount of water in Slovakia is located right in the soil. It is known as soil water. Soil together
with water, air, and nutrients comprise a fertile multi-component system which is necessary for plant
growth, development, and ripeness. Human can change and adapt the content of water and nutrients in
the soil by fertilization, cultivation, and different cropping systems, and thus affect the soil productive
capacity.
Hence, the agricultural land use and the changes of the nitrogen content due to different crop systems
and fertilization in the soil profile were elaborated in this paper.
The efficient plant species are a basic limiting factor in the production of organic material. Air
temperature influences the vital functions such as nutrients receiving, transpiration, photosynthesis
respiration, and other (Špánik et al., 2008; Čimo et al., 2009; Čimo et al., 2010).
1.1

About soil

Soil itself is a multi-component system which usually consists of solid, liquid, and gaseous phase.
There is a close correlation and interinfluence between the constituent phases.
From agricultural crops growing point of view, the greatest significance has got that part of subsurface
water which is located within an easy reach of grown-crops root system and which is in a liquid form.
This part of subsurface water is recognized as soil water (Antal, 2003).
Plant needs ten basic compounds, which are called biogenic - essential for life, to grow normally and
develop. They are: oxygen, hydrogen, carbon, nitrogen, phosphorus, potassium, calcium, magnesium,
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sulfur, and iron. If any of these compounds are missing in nutrition, the plant will live only as long as
the stock compounds are sufficient. After their depletion, the plant will die.
1.2

Nitrogen

Nitrogen is one of the most important compounds in plant nutrition. It is taken by plants in a form of
ammonia or nitric acid which are formed during the process of nitrification and denitrification where
some available N substances are also lost as direct N2O emissions to the atmosphere (Horák, Šiška,
2006; Horák, Šiška, 2008; Balashov et al., 2010). Therefore a regular supply of nitrogen at doses
proportional to the other supplied nutrients is needed. Excess of nitrogen is manifested differently, for
example, fruits tend to be insufficiently colored, odorless and poorly storable. Trees tend to be
markedly long green and ill-prepared for the winter rest. In autumn, the nitrogen substances are
translocated from leaves to woody parts, where the spring supplies are stored. Lack of nitrogen in the
soil is manifested by stunted growth, light green color of leaves and their premature fall-off.
1.3

Cultivation

Tillage is an essential and irreplaceable element in the farming systems and a major contributor to the
organic matter production of grown agricultural crops and cultures. Mechanical tillage of soil is
significant in the cultivation of agricultural crops as a regulatory measure with wide variety of options
to: (1) regulate soil fertility and soil environment, particularly, density and thermodynamic conditions
in the soil, in accordance with the requirements of crops; (2) regulate weed infestation of fields and an
array of other elements of the production area and landscape. Through cultivating the soil, human
influences its fundamental physical, hydro-physical properties including water storage stress for the
vegetation (Bárek et al., 2008; Igaz et al., 2008; Nagy, Igaz, 2009; Igaz et al., 2010), physico-chemical
and biological properties (Demo et al., 1995).
1.4

Crop rotation

Crop system is a rotation system of crops at a specific area and at a specific time. Crop rotation is a
purposeful regulatory measure to direct the content of soil organic matter, regulate harmful factors,
soil environment, especially water content, soil structure, and root microflora (Kováč et al., 1997).
The most important nutrients are nitrogen, phosphorus, and potassium. They are supplied in the soil in
various ways, fertilization having the main significance. Fertilization affects mainly the bulk density
and porosity of soil. Due to fertilization with farmyard manure (35 - 40 t.ha-1) in combination with
liming (4 t.ha-1 CaCO3), there was a significant increase of porosity and decrease of soil bulk density.
The basic physical properties of luvisols and stagnosols were improved. An application of farmyard
manure (25 t.ha-1) and straw (3.5 t.ha-1) had a similar effect on the physical properties of dystric
cambisols in the flysch area of Slovakia (Fulajtár, 1986).
2. MATERIAL AND METHODS
The main objective of this study was an attempt to analyze the impact of land use on the movement of
nitrate nitrogen in the soil profile, especially in terms of protection of groundwater sources from
pollution by nitrate leaching.
In this paper, the term land use stands for the impact of the crop systems and fertilization on the
movement of water and nitrate nitrogen in the soil profile.
Two types of crop systems (cereal and biological) and two fertilization techniques - ecological
fertilization (farmyard manure only) and integrated fertilization (straw + NPK) were studied in this
paper in the conditions of conventional cultivation (conventional tillage - C1).
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Borovce (160 m a.s.l.) is located in the northern part of the Trnava upland, 7 km from Piešťany. Luvic
chernozem occurs there (Zaujec, 2000). Observed physical and hydro-physical soil properties are
shown in the table 1.
Table 1 Characteristics of physical and hydro-physical soil properties (Zaujec et al., 2000)
Status indicators in the time of collection
Sampling
depth (m)

t.m-3

Status indicators for water saturation,
run-off and stabilization of the soil

% vol.

% vol.

rs

rd

P

Q

QPVK

QBZD

QV

QP

0.05-0.15

2.65

1.56

41.13

31.63

33.72

25.36

12.82

20.90

0.20-0.30

2.58

1.63

36.82

34.21

34.13

24.68

10.50

23.63

0.30-0.40

2.63

1.57

40.30

31.76

33.03

24.60

11.95

21.08

0.40-0.50

2.62

1.45

44.65

30.32

31.71

23.84

12.03

19.68

0.50-0.60

2.67

1.47

44.94

28.43

30.98

23.20

11.54

19.44

0.70-0.80

2.67

1.27

52.43

25.73

29.59

21.91

10.39

19.20

0.85-0.95

2.67

1.36

38.95

25.95

31.32

22.39

8.99

22.33

Where:
rs – specific soil density – mass density, rd – bulk density, P – porosity, Q – normalized volumetric
water content, QPVK – field capacity, QBZD – point of decreased availability, QV – wilting point, QP –
plant available water capacity.
Table 2 Crop systems (Kováč, 1997)
YEAR
1997

CROP SYSTEM
BIOLOGICAL (A1)

CEREAL(A2)

Winter Weat (Triticum aestivum) (WW) Winter Weat (Triticum aestivum) (WW)

1998

Sugar Beet (Beta vulgaris) (SuB)

Sping Barley (Hordeum vulgare)(SpB)

1999

Spring Barley (Hordeum vulgare) (SpB)

Pea (Pisum sativum) (P)

2000

Grain Maize (Zea mays) (GM)

Winter Weat (Triticum aestivum) (WW)

2001

Alfalfa (Medicago sativa)(A)

Grain Maize (Zea mays) (GM)

2002

Alfalfa (Medicago sativa) (A)

Spring Barley (Hordeum vulgare) (SpB)

The Research Institute of Plant Production founded two different six-field crop systems, namely
biological crop system (variant A1) and cereal crop system (variant A2) (Table 2) at the experimental
site in Borovce in 1990 (Kováč, 1997).
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Fig.1

Fig.2

Fig.3

Fig.4

Fig.5

Fig.6

Fig. 1-6 Monthly precipitation in individual years of the period 1997-2002 compared to 1951-1980
climatic normal in mm
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Climatic characteristics were processed for the meteorological station located in Piešťany. According
to the agro-climatic regionalization of Slovakia (Kurpelová, Coufal, Čulík, 1975), Borovce fits to the
hot macro-region, very hot region, very dry sub-region, and district with mostly mild winters.
Figures 1 - 6 show characteristics of precipitation totals for the period of years 1997 to 2002. Most
precipitation fell during the summer period, probably due to the torrential rain in those years. The
measured values of precipitation amount ranged from 75 mm up to 200 mm. The minimum
precipitation fell in February 1998, with measured value of 2 mm. It was exceptionally dry month.
Another extremely dry month was August 1997, when the amount of precipitation reached the value of
9 mm. The last three years of the period did not have significant changes in the values in comparison
to the climatic normal, the course was smoother than during the years 1997-1999, when more extreme
values of the maximum and minimum precipitation totals occurred.
Two variants of fertilization were applied to each of these crop systems: ecological fertilization
(fertilizing only with farmyard manure 40 t.ha-1; variant B1), and integrated fertilization (fertilizing
with straw + NPK; variant B2) (Dodok, 2001).
Table 3 Inputs of nutrients into the soil from fertilizers in the 1997-2002
Crop rotation system
A1
Crop

Variant
(A1B2)

A

A2
Nutrient (kg.ha-1)
K

Crop

Variant
(A2B2)

Nutrient (kg.ha-1)

N

P

NPK+BP

20

33 124

GM

NPK+BP

120 + 50*

37 130

A

NPK+BP

0

0

SpB

NPK+BP

60 + 50*

29

WW

NPK+BP

80 + 50*

35 118

WW

NPK+BP

80 + 50*

35 118

SuB

NPK+BP

80

35 166

SpB

NPK+BP

60 + 50*

29

SpB

NPK+BP

60 + 50*

29

P

NPK+BP

13

33 102

GM

NPK+BP

120 + 50*

37 130

WW

NPK+BP

80 + 50*

35 118

0

92

N

P

K

92

92

* - nitrogen applied at plowing the crop straw
BP-by- product

3. RESULTS AND DISCUSSION
The results obtained from the Department of Biometeorology and Hydrology, Institute for
Biodiversity and Biosecurity and Research Institute of Plant Production in Piešťany were used and
assessed in the paper and are aimed at the nitrogen content in the soil. The paper includes an
evaluation of the impact of fertilization and crop systems on: (1) the movement of inorganic nitrogen,
namely nitrate nitrogen in the soil profile to a depth of three meters, which is unique in this study; (2)
possible groundwater pollution by nitrogen leaching.
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Fig. 7 NO3-N content in the soil profile during the spring period of years 1997-2002, all variants
Probably because of fertilizer application right in the spring, the highest value of average NO3--N
content in the soil profile during spring period 1997-2001 was observed at a depth of 3m by the cereal
crop system using straw + NPK fertilization (Figure 7).

Fig. 8 NO3-N content in the soil profile during the summer period of years 1997-2002, all variants
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During the summer period of the years 1997-2002, the average content of NO3- N was highest at
biological crop system with application of farmyard manure as a result of providing the appropriate
crop system, which had improved soil biological properties during this period (Figure 8).

Fig. 9 NO3--N content in the soil profile during the autumn period of years 1997-2002, all variants
Farmyard manure was applied at the study area in the autumn therefore the most of NO3--N in the soil
profile was located at the cereal crop system that used fertilization with farmyard manure (Figure 9).

Fig. 10 NO3--N content in the soil profile during the period of years 1997-2002, all variants
Two crop systems were analyzed, biological A1 and cereal A2 with two types of fertilization
(ecological B1 and integrated B2) at the conventional tillage. Similarly like Kováč et al. (2004) we
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concluded that from environmental point of view, placement of straw of preceding crop + NPK
fertilization proved to be more efficient than fertilization with farmyard manure because of better
management of nitrogen in the soil and subsequent environment protection (Figure 10).
4. CONCLUSION
We analyzed two crop systems (A1 - biological crop system, A2 – cereal crop system) and two
fertilization methods (B1 – ecological fertilization, B2 - integrated fertilization) during the period of
years 1997-2002. According to the results of this analysis, in relation to the nitrate content in the soil
and possible groundwater pollution, we reached the following conclusions:
• the lowest dependence of the nitrate content on soil moisture was observed at the depth of 30 cm.
The nitrates and water withdrawal by plant roots was probably realized independently from each other;
• from the water management point of view, the highest risk of groundwater pollution by nitrate
leaching, expressed by NO3--N content at depths greater than 1 m, had the variant of ecological
fertilization, specifically fertilization by farmyard manure (B1) and biological crop system (A1) at
almost all withdrawals from 1997 to 2001. The amount of NO3--N content ranged around 10mg.kg-1;
• the variant of integrated fertilization (B2) and biological crop system (A1) presents the least risk of
groundwater pollution by nitrates.
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EFFECT OF POWER ENGINEERING
ON ECOLOGICAL SITUATION IN YAKUTIA
Dmitry D. Nogovitsyn, Nadezhda A. Nikolaeva,
Zinaida M. Sheina, Lyudmila P., Sergeeva
The V. P. Larionov Institute of Physical and Technical Problems of the North SB RAS
Russia, Sakha Republic (Yakutia)

Abstract
Among a number of anthropogenic factors forming the intensity of technogenic pressure on the
environment accompanied by worsening of environmental conditions the power engineering takes a
special place. As the environmental problems of power are to a certain extent a "mirror" of the whole
environmental situation, the main attention is paid to the emissions of air pollutants and discharges of
contaminants into water by power industry enterprises in the Republic of Sakha (Yakutia).
Key words: power industry enterprises, pollutants, pollutant emission, atmosphere, level of
atmospheric pollution, waste water, The Republic of Sakha (Yakutia).
More than the half of Russia belongs to the zone of the North which differs from other regions by the
difficult economic and geographical conditions unfavorable for the development of industrial and
agricultural production, transport and living of the population. This requires the increased power and
economic costs.
The Republic of Sakha (Yakutia) in this regard is that region of the North of Russia which has the
most difficult social and geographic factors limiting the functioning and development of the power
sector. These are the severe climatic and natural conditions, remoteness and inaccessibility of
consumers, low population density at a vast territory, high environmental vulnerability of natural
systems.
Yakutia as the subject of the Russian Federation is included in the Far East Federal District. It
occupies almost the entire north-eastern part of the Asian continent. It is a seaboard for two seas of the
Arctic Ocean. Over 40 per cent of the territory is located within the Arctic Circle. The total length of
coastline is more than 4.5 thousand km. The Republic of Sakha (Yakutia) is the largest subject of the
Russian Federation. The total area of its territory is 3083.5 thousand square kilometers. The Republic
consists of 34 municipal districts, 2 city districts, 49 urban settlements and 361 rural villages. The
climate is inclement, sharply continental. An average annual temperature in January is -30.4°C; in July
is +12.9°C.
The republic established a major fuel and power base including almost all branches of the fuel and
power complex: coal, oil and gas industries, electro- and heat economy. The fuel and power complex
of the republic fully satisfies domestic demand for coal, natural gas, electricity and heat. Petroleum
products are imported into the republic from the outside.
In 2008 the republic mined 12.64 million tons of coal, produced 7.71 billion kilowatt-hour of
electricity, 14.95 million Gcal of thermal electric power, and produced 1.83 billion cubic meters of
natural gas and 760 tons of oil and gas condensate [1].
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The power economy of the Republic of Sakha (Yakutia) is a quite enough developed complex
including almost all branches of power: coal, oil and gas industry, electricity, hydro and thermal
power, as well as various networks of consumers supply by fuel and power resources. But, as a result
of the increasing effect of power production on the environment without due regard to environmental
and social limits the negative developments take place - the reduction of biological resources,
destruction of ecological communities, pollution of land, air and water. The power makes the most
serious environmental pollution in the areas with a large-scale development of fuel and energy
resources. Thus, in Yakutia, the share of energy facilities in air pollution is about 70 per cent of the
total emission of pollutants from all industries.
The main indicators which evaluated the environmental state of the environment are the emissions of
pollutants into the atmosphere, the discharge of contaminants into water, as well as waste of
production and consumption formed during the vital functions of human life.
The Republic of Sakha (Yakutia) is located in the adverse climatic zone with weak regenerative ability
of natural elements: air, water and soil. The atmosphere is characterized by its low scattering ability,
the frequent occurrence of surface and elevated inversions, stagnant conditions and fog which
contributes to a high level of air pollution even at relatively low pollutant emissions.
In 2009 the air of the Far East Federal District was polluted with 869.2 thousand tons of pollutants
from stationary sources. The largest amount to the total emissions was contributed by the Primorye
Territory (226.1 thousand tons or 26 per cent) and the Republic of Sakha (Yakutia) (193.9 thousand
tons or 22,3 per cent).
At present, the bulk of anthropogenic emissions into the atmosphere of the Republic comes from
power industry enterprises, coal and gas industries. The republic mines 3.9 per cent of coal mined in
the country (39.2 per cent in the Far East), 0.7 per cent of electricity (18.4 per cent), 1.1 per cent of
thermal energy (22.1 per cent) [1]. In 2009, emissions of air pollutants from stationary sources
amounted to 194 thousand tons accounting for 67 per cent of the total effluents (Fig. 1). Of the total
amount of pollutants emitted into the atmosphere from stationary sources, 65.9 thousand tons of
emissions are from mining, 51.9 tons out of it from the extraction of fuel and energy minerals.
Depending on the types of economic activity in 2008 the greatest amount of emissions came from the
production and distribution of electricity, gas and water - 108.1 thousand tons. This is almost 59 per
cent of all industrial emissions during this period (Fig. 2, Table 1).
By quantity of atmospheric emissions from stationary sources in 2000 Yakutia had 15 per cent of the
total emissions of the Far Eastern federal district. In 2009 the proportion has been increased up to 22.3
per cent. At the same time the degree of pollutants trapping has been significantly reduced. Thus, in
2003 this figure was 73.6 per cent and in 2009 – 64.8 per cent.
The power enterprises, particularly small boilers, are the sources of atmospheric emission. Their
emissions come without any cleaning. The share of fuel and energy sector in the total emissions in
2007 amounted to 78.5 per cent (or 127.2 tons), and in 2008 – 80 per cent (or 146.4 tons).
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Fig. 1. Dynamics of atmospheric emission
A degree of the negative impact on the environment mainly depends on the type of energy source and
used fuels. In the total emissions of common air pollutants during 2000-2009 the major air pollutants gaseous and liquid substances dominated. In the structure of emissions in 2009, the share of carbon
dioxide accounts for almost 61.4% of all emissions, nitrogen oxide - 21.4%, sulfur dioxide – 9.2%, the
solids are 27.8%. The changes in concentrations of major pollutants of the republic air basin during
2005-2009 are characterized as high irregular.
In general, the ecological state of the republic atmosphere has a local character. Regular monitoring of
air quality has been carried out at eight fixed positions located in the following cities: Yakutsk,
Neryungri, Mirny, and villages Ust-Nera, Serebryany Bor [2]. High air pollution levels are observed in
urban areas with the coal and the diamond industries, as well as large thermal power stations, power
plants and small power facilities. The level of air pollution ranges from high to very high except the
village Serebryany Bor. The average concentration of a pollutant exceeded the maximum allowable
concentration (MAC). During 2009 the cases of extremely high pollution (the excess of MPC 50 or
more times) in the Republic were not mentioned.
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Fig. 2. The structure of the contribution of fuel and energy sector emitted into the atmosphere
from stationary sources
The list of substances exceeding the high level of air pollution in all cities mentioned above except
village Serebryany Bor includes suspended solids, ammonia, nitrogen dioxide, formaldehyde, phenol,
benzapyrene. The level of pollution in 2009 in Yakutsk maximum concentrations of six pollutants
exceeded the accepted limit of nitrogen dioxide and carbon monoxide 2 times, suspended solids,
ammonia and benzapyrene 5 times, phenol almost 8 times. The area of the largest air pollution is
observed in central and northern parts of the city where the maximums of the most of the recorded
poisons have been fixed and the highest frequency of elevated concentrations have been observed. The
winter season is especially adverse in this respect. In Neryungri the elevated pollution levels are
recorded on five substances: suspended solids – 3.6 MPC, carbon monoxide and formaldehyde – 2.4
MPC, hydrogen sulfide -1.3 MPC, benzapyrene - 3 MPC. In the past five years, the city Neryungri
trends the increase in the concentration of formaldehyde and nitrogen dioxide. In the town of Mirny
the maximum concentrations exceeded the sanitary norms: suspended solids 3.4 times, formaldehyde –
1.7 times, and carbon monoxide – 1.6 times. In Ust-Nera the average concentration of suspended
solids exceeded the norm 1.4 times [2].
Surface water quality is characterized by indicators of sewage into water. Compared with 2008 the
effluent decreased by 18 million m3, including contaminated water - by 2 million m3 (Fig. 3). Among
the regions of the Far Eastern federal district in 2009 the share of the Republic of Sakha (Yakutia) was
11% (or 91.01 million m3) of the total wastewater effluent into surface waters. The structure of
wastewater (total 151.96 million m3) of the republic the contaminated effluents account for almost
60% of the total runoff
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Table 1
The structure of the emission and the degree of trapping pollution
from stationary sources by economic activity
(as of 2008)
Emission

Degree of
trapping,
%

Thousand
tons

% from
total
emission

183.0

100

66.3

53.6

29.3

28.3

38.3

21.0

34.8

Manufacturing

3.3

1.8

86.5

production and distribution of
electricity, gas and water,
including:

108.1

59.0

74.5

production, transmission
and
distribution of electricity

27.7

15.1

91.7

production, transmission
and
distribution of steam and
hot
water (heat energy)

80.4

44.0

11.4

transport and communications

2.5

1.4

12.2

Type of activity

Total activities including:
mining,
including:
extraction
of energy resources

The analysis of surface water quality in major rivers of Yakutia shows that the water bodies
continue to face serious human-induced pressures, which is manifested in the flow of foul
sewage from various sources. The water quality remained at the level of previous years, since
almost no new capacity of treatment facilities is introduced; the existing ones which have a
large depreciation and outdated treatment technology are not reconstructed.
The main pollution sources of the republic surface water are the effluents of gold and diamond mining
industries, enterprises of power, housing and utilities, as well as shipping and small boats, treatment
plants of towns and settlements.
The degree of surface waters contamination according to the classification of water quality is
determined in the range of "conditionally clean" (Grade 1) to "extremely dirty" (Grade 5). The most of
water bodies in Yakutia are classified as "dirty" (Grade 4) and "very dirty" (Grade 3) (Table 2).
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The use of fresh water from surface water sources for production needs decreased by 661 thousand m3
by reducing the period of feed-forward scheme in the Yakut heat electro power station.
During 2008, water consumption amounted to 3353.6 thousand m3 of water.
The volume of wastewater into surface water by enterprises of “Sakhaenergo” Joint Stock company
amounted to 1928.8 thousand m3. An increase compared with 2007 was due to Nizhneyanskaya diesel
power plant. This plant passed to the parallel flow of cooling system for diesel generators.

Fig. 3. Dynamics of effluents into water
Table 2
Quality of surface water (as of 2009)
Water basin

Pollution rank

Main pollutants

The Lena River

“dirty”

BOD5, ChOD, copper, iron, phenols,
manganese, oil products

The Aldan River

“very polluted”

Iron, copper, mercury, phenols, zinc, oil
products

“dirty”
The Vilyui River

“very polluted”
“dirty”

The Yana River

“very polluted”
“dirty”

The Indigirka River

“very polluted”

ChOD, phenols, copper, iron, nitrogen
nitrite.
ChOD, phenols, copper, manganese,
zinc
Copper, phenols, iron

“dirty”
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The Kolyma River

“very polluted”

BOD5, copper, phenols

The Anabar River

“dirty”

Copper, mercury

The Olenek River

“polluted”

ChOD, BOD5, phenols

The effect of power industry on water bodies is also associated with the operation and construction of
hydropower plants. The practice shows that the construction of hydropower plants and the regulation
of rivers runoff change their hydrological characteristics. In addition, the environmental impact of
hydropower includes elimination or reduction of fish, the changing of their migrations conditions.
During the construction of hydropower stations the highly floodplain forests that are habited by rare
and endangered bird species included into the Red Book (a special list of rare and endangered species
of flora and fauna) of Russia and the Republic of Sakha (Yakutia) turn out to be in the area of
flooding. Reservoirs significantly reduce the areas of fur-bearing animals for fat accumulation: moose,
wild reindeer; lead to the changes in migration routes of sables.
Runoff control even during the day causes significant fluctuations in water level which leads to the
shallow of coastal water drainage and the loss of eggs and juvenile fish.
Consequences of social and ecological character caused by the creation of hydropower reservoirs can
be divided according to the territorial sign into two major groups: 1) arising from the upper reach, and
2) in the tailrace. Thus, in the upstream the following effects as hydrochemical, microclimate, soil,
caused by the creation of the reservoir cup, can be identified. These effects lead to the change and
deterioration of economic activity. As a result, the social consequences can be observed: the transfer
of settlements, the confiscation of agricultural land and traditional hunting and fishing areas, places of
wild berries gathering, etc. In the downstream the consequences are classified according to the change
in hydrological, level and ice-thermal regime of a river. This changes the conditions of navigation,
reduction of the area of agricultural flood plains, open water emergence, etc.
The Vilyui River reservoir is a water body of the total water use. It provides a long-term flow
regulation in the alignment of hydropower for energy, water transport in the lower pool, fishing and
public utilities. While constructing the reservoir 131.5 hectares of forest, 13.6 ha of burnt areas, 0.5 ha
of shrubs, 1410 ha of hayfields, 41.8 hectares of other land became flooded [3]. The bed of the
reservoir was not cleared of wood vegetation before flooding. As a result, the wood vegetation is
decomposed; phenols and organic matters poison water. In the early years of the reservoir function the
concentration of phenols in water was 10 MAC [4].
One of the most pressing problems of the republic is the formation and accumulation of waste from
production and consumption. Over 90% of the total amount of waste generated per year for all classes
of risk relates to the production of "mining". The volume of waste formed in 2009 in the Republic of
Sakha (Yakutia) in comparison with 2008 decreased by 65.7 million tons.
The amount of accumulated waste from production and consumption by the end of 2008 was 0.2
billion tons, while the degree of recycling and disposal did not exceed 13 per cent.
Major sources of waste are the diamond companies and the coal industry. Their share in the total
quantity of waste is 60-65 per cent. The main types of production and consumption wastes in the
republic are overburden (hazard class 4), tailings, and ashes (hazard class 5). As in other regions of
Russia, the situation in the field of waste management established on the territory leads to
anthropogenic pollution of the environment and creates a threat to public health. Thus, the
neutralization system of municipal solid waste (MSW) in Yakutsk is founded at the disposal of the
vast majority of waste in landfills and unorganized dumps, which do not meet the requirements for
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waste disposal facilities. They have no waterproof foundation preventing the spread of toxic
contamination in water. In addition to the emission of filtrate from a dump, gaseous products of MSW
decomposition - methane, ammonia, etc. pollute constantly the atmosphere. They are the source of
fires on dumps, which in turn also significantly pollute the atmosphere.
Annually the areas of disturbed lands in the Republic of Sakha (Yakutia) increase. At the end of 2009
the lands of industry, power and of other special purpose amounted to 147.1 thousand ha, including
industrial lands – 43.5 thousand hectares4; lands for power – 12.1 thousand ha. The area of disturbed
lands accounted for nearly 14% of the total volume [2].
The greatest number of disturbed land is accounted for non-ferrous metals enterprises (including
diamond mining) – 20.9 thousand hectares (60.9% of the total area of disturbed land), the coal
industry – 5.5 thousand hectares (16.0%), exploration - 3.5 thousand ha (10.2%), construction of the
oil pipeline – 1.4 thousand hectares (4.1%) [2].
This shows that the enterprises of fuel and power sector made a significant contribution to the forming
of the ecological situation in the republic:
- The emission of pollutants into the atmosphere up to 80% of total emissions from stationary sources;
- the effluents of polluted runoff - 30-35%;
- the forming of production and consumption waste - 50-60%.
The analysis of the current environmental situation in the Republic of Sakha (Yakutia) revealed a
number of major environmental problems:
- High level of air pollution in towns of the republic (Mirny, Neryungri, Yakutsk, Mokhsogollokh);
- Low degree of flue gas cleaning mainly in numerous boilers;
- High level of surface water pollution due to the lack of modern sewage treatment plants in large
settlements as well as at enterprises;
- The conservation of biological resources in the operation and construction of hydraulic structures;
- Increase in waste production activity at a low percentage of its disposal;
- Lack of system deactivation and storage of solid waste landfills;
- High role of natural disasters in the formation of unfavorable environmental conditions (floods, fires,
etc.).
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Abstract
The analysis and the generalization of the observation data of floods on the Lena River over a 50-year
period have been conducted. The main factors affecting the formation conditions of spring ice
blockages on rivers of the Lena basin have been revealed. The use of new information technologies on
basis of cartographic method is considered. A digital model of the chosen site - an electronic map of
flooding of the Lena River valley at flood river levels of different frequency of occurrence has been
obtained. The use of geographic information system (GIS) for mapping and analysis of a specific
object is demonstrated.
Keywords: River, water regime of a river, spring flood, water level, riverbed, ice blockage, formation
of ice blockage, flood, geographic information technologies, electronic map, flood zone, hydrological
security, and digitization of a map.
Hydrological extremes in Yakutia as floods caused by spring snowmelt and rain floods are among the
most dangerous natural disasters that cause great damage to agricultural and residential facilities, the
elimination of which requires huge investments. Under conditions of Yakutia, in addition to floods
caused by spring high waters, floods pose a great danger associated with ice phenomena as ice
blockage on rivers, which often violate the normal operation of water intakes. At present, in the
republic the operating systems of departmental surveillance and control of the water quality have a
number of significant drawbacks. Today, theoretical, methodological, technological and informational
support of works on monitoring of water facilities is based on outdated concepts and does not meet
modern requirements. Moreover, state and organizations of work on the existing hydrological posts,
which are already not enough on the territory of Yakutia, continue to deteriorate. Under these
conditions the making optimal management decisions in emergency situations is practically
impossible. One of the most effective means for reducing the impact of such events is an early
warning system.
In Yakutia the spring flood of 2008 affected: the population – 4.831 people, housing -1.203 buildings,
social facilities – 57, roads -604.25 km, bridges and engineering constructions - 96, agriculture - 21
objects, farmland -1410.9 ha [1]. In 2010 in the Namsky region the Lena River has flooded five
villages. Almost two thousand houses turned out to be flooded. About 6.000 people who lived in these
houses lost a roof over their head. According to some statements, the flooding in Yakutia was
provoked by no ice blockage on the Lena River but the anomalous behavior of weather. The flooding
in 2010 was very different from the floods in 2001 and 1998. If, in recent years the floods have been
caused by ice blockage, in 2010 a lot of snow have been accumulated in the upper reaches of the Lena
River while ice thickness was little, and downstream there was very little snow, and ice, on the
contrary, was very thick and dense. In the Olekminsky and Lensky regions thin ice began to melt very
quickly and the drifting of ice took place earlier than it was expected. When the water reached the
place where the thick ice has not even started to melt, a difficult situation was emerging - the melt
water continued to come and there was no place to run off fir it. That was the cause of flooding.
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The great length of rivers, the limited availability of areas of their watersheds, poor development of
communication, on the one hand, and the lack of density of the network of hydrological observation,
on the other hand, make it difficult to obtain information about the hydrological processes by
terrestrial means. To conduct air survey of extreme hydrological events areas is difficult because of the
high cost of flights and their dependence on weather conditions. For prediction of the flooded area
during floods and analysis of their effects it is necessary to carry out rapid mapping of a number of
hydrological parameters (overflow borders; flood areas at different water levels; frequency and
recurrence of flooding over the years; the redistribution of water flows in a channel and a floodplain,
etc.). The problems of flood prediction and determination of the risk of flooding in some areas require
the construction of digital terrain models and determine the areas in case of flooding of the territory.
Domestic and international experience of study and prediction of hydrological processes and
phenomena (including extreme) suggests that modern methods of mathematical analysis and
simulation, new information technologies (including GIS technology), the use of satellite information,
the mapping methods upgraded on this basis are used for solving hydrological problems. The lack of
land and air information can be compensated by the use of GIS technology. Prediction of hydrological
phenomena and processes (including extreme) is possible by using new information technologies
including geographic information systems (GIS) – the technology on basis of mapping method. The
possibilities of complete visualization of the development of hydrological processes on the length of
the river and the vast catchment area and geographic analysis, which provides an electronic map,
provide a uniqueness of its application for solving a wide range of tasks associated with analysis and
prediction of phenomena of the environment, provide an opportunity to make better strategic decisions
based on modern approaches and tools. GIS technology is a new, more efficient, convenient and fast
approach to analyze problems and solve specific problems based on the automation of procedures of
analysis and prediction, especially relevant to the vast territory of Yakutia with sparse hydrological
stations. On the territory of the Republic the GIS technology is used by the State Committee for
Geology and Mineral Resources, in research institutes to identify patterns of development of the
permafrost landscapes in Yakutia, as well as to assess the state of soil thawing, moisture distribution
layer of seasonal thawing under conditions of the permafrost [2, 3].
The application of GIS technologies to assess the flood zones in the flood period on the territory of
Yakutia has been carried out for the first time. The task was to make an electronic map for the
prediction of inundation area in a selected area of the Lena River at different hydrological
probabilities. For study the selected part of the Lena River on a segment from Yakutsk to Zhatai
township located within the Central Yakut lowland, on the left bank of the Lena River in its middle
course has been chosen as the most populated and often flooded during the spring flood.
The Lena River is the main waterway of Eastern Siberia. Its length is 4400 km (up to the Stolb island
at the beginning of its delta), a basin area is 2488 thousand square km. By the nature of the flow the
Lena River is usually divided into three major parts: upper - from source to mouth of the Vitim River
(1690 km), middle - from mouth of the Vitim River to confluence the Aldan River (1400 km) and low
- from mouth of the Aldan River to the Stolb island (1310 km) [1].
Features of the water regime of the river correspond the nature of its food, mostly snow, which affects
the height of flood, the magnitude of which increases due to the head of ice blockage. Flood begins in
late April - early May, followed by a rise of water due to snowmelt. The highest levels of spring floods
on the Lena River are observed at ice drifting or ice blockage. The average duration of spring flood on
the Lena River is 75 days. The spring flood is usually stopped in mid-June. For the Lena River and its
tributaries the increased intensity of the flood recovery downstream is usual, but in areas where rivers
flow in wide valleys with large flood plains, flood recovery is much slower (the Lena River is below
Yakutsk). The features of water regime of the Lena River with the nature of its food, mostly snow,
which affects the height of flood, the magnitude of which increases due to a staff of ice jams. One of
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the characteristics of the annual level of rivers is the highest intensity of change. The rapid rise of
spring flood is caused by the rapid snowmelt in the basin and the meridional direction of the river
flow. A wave of flood passing through the riverbed is maintained and strengthened by local melt
waters of streams. The regime of tributaries has a great influence on the opening of the river, because
the opening of the main river and its tributaries does not coincide in time. Thus, the Vitim and the
Aldan Rivers are opened earlier or later than the Lena River at the site of their confluence, whereas the
opening of the Olekma River begins usually earlier. Spring ice regime of the Lena River, in areas with
abundant islands, is heavily dependent on the morphology of the channel. Ice cover of usually shallow
channels in spring at the rise of the water level turns out to be afloat earlier than in the mainstream.
After several ice motions in channels a local ice drifting takes place which stops at their outlet into the
mainstream, if there is an ice cover. Ice coming from the upper opened areas of the river to the islands
area tends primarily to clean channels without local ice and fills them. In the mainstream the drifting
of ice begins most often at complete fill of channels with transit ice floating from top, and under the
influence of intensive growth of water level. If on the section of a main channel the ice cover retains
sufficient strength, then the ice blockage is formed within its limits. Thus, the opening of large rivers
occurs on the rise flood wave, forming during the snowmelt in the upper part of the basin. Moving
downstream, the wave breaks the ice cover, and then the ice drifting starts or the ice blockage is
formed. The formation of ice blockage is one of the accents of the river opening which character is
determined by the conditions of high water formation. Prolonged spring causes an interrupted
formation of flooding and relatively low water period of the river opening which leads to an increase
of a number of small ice blockage. Rapid spring leads to the intensive flood with few ice blockages
but the water level rises reach extreme heights. Ice blockages on the Lena River are formed, as a rule,
at the same places – foci of ice blockage formation located in areas characterized by a decrease of
rakes (crossing - reach), a sharp change in the direction of a channel and its fairway, the expansion of
a channel due to its branching into small channels and the narrowing of the main channel, the presence
of islands and shoals. The length of ice blockages on the Lena River is more than 100 km, and the
duration is 10 days. At sites with a large number of islands, a flood wave breaks the ice cover
sometimes simultaneously in several channels. A river stream, dispersing the separate channels,
weakens, which in turn contributes to the occurrence of large ice blockage overlapping at the junction
of channels everything or almost the whole channel. Ice blockages of such origin often cause the
catastrophic flood. Yakutsk is situated at one of these sites of the Lena River. The analysis of flooding
in the area of Yakutsk has shown that a different degree of the town flooding depends not only on the
intensity of ice blockage formation, but also on the location of ice blockage regarding the town.
The air reconnaissance revealed that for a distance of 70 km there are seven foci of ice blockage
formation on the Lena River from Tabaga village to Kangalassy Township. Naturally, other things
being equal, the degree of flooding in Yakutsk depends on the distance of a center of ice blockage
formation from the town. As regard to the power of ice blockage, it is usually characterized by the
highest water level in the period of ice blockage formation. Thus, in the area of Yakutsk the most
serious flood was in 1933, which yielded only a flood of 1864. In 1958, 1966, 2001 only some parts of
the town were flooded and the size of floods was much lower than during the floods in 1864 and 1933.
In the formation of powerful ice blockages the settlements located on the riverbanks are flooded with
rare occurrence. In 1915, the ice blockage heavily flooded village Mukhtuya (Lensk). The significant
flooding of the town of Lensk underwent in 1966, when 2/3 of the town turned out to be under water,
and in 2001 by a powerful ice blockage, Lensk was flooded completely. From ice blockage formed
near the town of Lensk in 2001 the settlements located downstream - Nyuya village and Macha village
– also suffered. To obtain some regularity in capacity and frequency of ice blockage the analysis of ice
phenomena of 54-year series of observations (1938-1992) for each item of observation (Tabaga
village; Yakutsk; Kangalassy village) has been carried out. The number of cases exceeding the highest
level observations over the critical 50-60 years of observations was: Tabaga - 12; Yakutsk - 44,
Kangalassy - 21 [4]. Basically, high levels were observed at ice blockages, but in some years and
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during the thick ice flow. Also at the study site of the Lena River (Tabaga - Kangalassy), the analysis
of ice phenomena and their relationship with the highest levels of spring flood has been carried out.
On three points of observation the diagrams of the connection of observed maximum water levels with
the levels of early freeze-up and with a maximum thickness of ice were drawn. It is revealed that
strong variability of separate phases of ice regime and maximum levels of spring flood causes close
connection between them. An analysis of ice conditions and flood zones on the Lena River for the
period 1937-2001 in its middle course determined that the formation of ice blockage and the resulting
maximum catastrophic flooding does not depend on the thickness of ice in late winter and early freezeup level. The change of the height of water level rise during the spring flood in the years of highest
levels of gauging stations is shown in Fig. 1.

Fig. 1. Graphs of water levels fluctuating on the middle Lena River
a - Tabaga, b - Yakutsk, c – Kangalassy
As a cartographic basis for the assessment and prediction of the flood zones on the site Yakutsk-Zhatai
and definitions of areas the topographic maps are used. When analyzing the flooding on the heights of
contour lines the complex ArcGIS family of software products by ESRI Company has been used. The
results of research of a given territory has been displayed as a series of mutually agreed maps
reflecting the spatial distribution, quantitative and qualitative characteristics of hydrological
parameters (overflow borders; flood areas at different water levels; the redistribution of water flows on
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the floodplain). In a series of such maps the reference maps which are an integral part of the map
series and detailing maps showing the number of hydrological parameters are included. The entire
process of creating an electronic map using GIS technology consisted of several stages. At first, it is
necessary to prepare a cartographic basis. For this, a map with a given scale is scanned, then digitized
using Easy Trace program, and then exported to ArcView GIS. After scanning for high precision of
stitching and redressing of the original cartographic material the technological processing of the image
as a raster clean, rotate and alignment is conducted. The digitizing of maps is finished. It is necessary
to check the quality of data layers and the compliance with the coordinate systems layers so the
overlay on a topographic basis would be correct. Further, the database is prepared using appropriate
software to produce the final map and to analyze the results of flooding. The analysis of data is the
needs of attributes, the objects location and the identification of flooding areas. The last step in the
analysis of a project is the presentation of analysis results in electronic form. Data on the map are
organized into layers that are displayed on the map in a certain order.
To assess the extent of flooding the following thematic layers have been created: hydrography,
contour lines of heights, settlements. Data attachment to a map is produced. A map is made in the
following sequence: creation of a digital model of the site map Yakutsk-Zhatai, digitizing contours,
filling in attribute tables, contouring isolines with Modules 3D Analyst and Spatial Analyst, the
construction of TIN-surface using a field called “the meaning of isoline” of an attribute table, creating
Grid theme based on TIN-surface. The resulting coating (theme) is a grid. Now the terrain model of a
selected area has been prepared for analysis, converting the resulting grid themes into the shape file,
edit the legend (a type of legend - a unique value, the value field – grid code), determination of
parameters of the flood zone, and the printing layout. The end result is the digital terrain model - the
map. The maps of flood zones 75%, 50%, 25%, 10%, 1% of probability have been obtained. We used
two types of data - vector and raster. In the vector model, information about objects is stored as a set
of coordinates x, y, i.e. the location of the point is described by a pair of coordinates (x, y). Polygonal
objects, as the mainstream of the Lena River, lakes and towns are kept as a closed set of coordinates.
To process and display of flooding at various probabilities and obtain the final result of the work the
program ArcView GIS with a module Spatial Analyst was used. When connecting the module Spatial
Analyst the vector themes ArcView GIS are converted to raster format of a grid-theme, and then on
basis of these themes, the situation of coastal flooding in this river segment is analyzed. Spatial
Analyst module has the capacity of the various requests to the raster themes. In our example, the
results of the analysis of a given territory were analytical inundation maps at different hydrological
probability: 75%, 50%, 25%, 10% and 1%. To create these maps based on elevation contours there is
TIN-theme (surface triangulation). In the TIN the considered plot is presented in the form of a network
of linked triangles drawn by evenly distributed points specified by coordinates x, y. Triangulation
surface allows simulating heterogeneous surfaces more accurate than raster. These surfaces can
dramatically change the form in some areas and slightly - on the other. This is due to the fact that you
can put more points where the values are changing dramatically, and fewer points where the surface
varies smoothly. Then, the grid is created from TIN. Thus, the answer to every request will be a new
grid theme, which includes satisfying the request to the raster. Any of the grid-themes can be
represented in a more convenient form. Grid themes allow you to create, develop and analyze this
data. At this stage, the final processing of results is conducted and the getting of a map of flood zones
at different probabilities. With the help of GIS the generalized statistics data has been obtained. In
addition, the program allows comparing areas of flooding at various probability and quantitative
indicators, so at 75% of probability the flooding area is 86.6 sq. km, with P = 50% - 91.18 sq. km, P =
25% - 95.18 sq. km, P = 10% - 103.21 sq. km, with P = 1% - 124.4 sq.km [5]. At 1% of probability the
territory of the northern part of Yakutsk, within of which one of the major critical infrastructure of the
town - Yakutsk HEC is located. Points with higher marks as a central part of the town are not flooded.
In the right bank of the river almost all the territory to indigenous banks is flooded. At 75% of
probability a flood zone generally lies along the Lena River, including the residential complex
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Darkylakh. Flood zones at hydrological probabilities P=1%, P=10%, P=25%, P=50%, P=75% were
obtained based on the heights of contour lines. The same was done manually on a paper basis (we
have chosen a map fragment) with exact coordinates and bound to the terrain. Probability of flooding
of the considered territory is calculated on a long-term observation of the maximum water level taking
into account the most frequently flooded areas. A comparison of electronic and paper versions of the
flood zone of different coincided within the margin of error. Thus, the flood zone of the town Yakutsk
(Fig. 2) has been obtained using ArcView GIS.
Conclusions: As a result of this work we received an electronic map of the middle flow of the Lena
River in the shape file format based on the thematic layers as hydrography, topography, settlements
and associated with them the attribute data tables. Unlike the paper version on this electronic map of
the territory of Yakutsk one can identify the territorial zones of flooding at various probabilities,
quickly determine areas of flooding, predict the boundaries of these zones, find the coordinates of any
points in this region, search for information, retrieve objects on the map with displaying the search
results, manipulate the scale of a map display, to take environmentally acceptable and economically
viable solutions to protect against flooding. Using the program ArcViev GIS an electronic map has
been composed, which improves the speed and quality of the decisions on flood protection, gives
information about the considered territory to study trends in environmental conditions, makes it
possible to determine the flood zone at various probability, allows storing and analyzing information,

Fig. 2. The flooded area during ice blockages at various levels of probability
information about the considered territory to study trends in environmental conditions, makes it
possible to determine the flood zone at various probability, allows storing and analyzing information,
quickly finding necessary information and display them in an easy to use format. The existing work is
an initial step in developing a method of zoning of floodplains and coastal areas of risk in case of
flooding and requires further research in this area.
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Abstract
Concrete is the material with highest level of consumption (second after water) and is essential in
each aspect of our life. Concrete is a durable material, however, it surely has weaknesses and a more
or less determined service life, since environmental factors affect to a large extent the life cycle of our
structures. Next to that, “Quality of life” is becoming a main issue in modern urban environments. To
this end, this paper will present some recent advances in electrochemical, concrete material science
and biotechnological aspects for achieving sustainable and durable solutions in civil engineering
applications.
Key words: nano-aggregates; concrete; green facades; cathodic protection.
1. INTRODUCTION
To satisfy the basic needs of the world’s population, including clean water, air, safe housing, energy,
etc. many technological changes must be accomplished. While this concept is widely appreciated as
such, there is often a limited awareness of how critical it is to solve corrosion problems and what the
real implications are to society. A critical aspect for obtaining a thorough understanding of the science
and prevention of corrosion is knowledge sharing between academia and industry. The payoff
includes: increased public safety, reliable performance, environmental protection, and cost effective
operations in the long run [1].
At US$1.8 trillion, the annual cost of corrosion worldwide is over 3% of the world's gross domestic
product (GDP). Yet, governments and industries pay little attention to corrosion except in high-risk
areas, whereas the deterioration of infrastructural installations such as buildings; bridges; tunnels;
harbors; parking garages is recently becoming increasingly obvious and public safety is more and
more at risk.
The principal challenge of an on-going research, this paper briefly introducing some of the main aims
and results so far, is to set-up an integrated research on nanotechnology, waste management,
electrochemistry and bio-technology in construction applications i.e. building and civil engineering
sectors, including related protection, energy and environment issues. Thus the challenge is to establish
a novel engineering practice and consequently to contribute to the development of a more sustainable
built environment. Further, a novel combination of pulse technology (as electrochemical
prevention/protection for reinforced concrete), nano-scale materials and bio-engineered materials will
lead to the desired superior properties of reinforced concrete, within the aims for corrosion resistance
(durability), improved concrete microstructural properties and sustainability, which are novel end
ecologically friendly solutions.

265

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

Journal of International Scientific Publications:
Ecology & Safety, Volume 5, Part 1
ISSN 1313-2563, Published at: http://www.science-journals.eu
To this end, this paper briefly summarizes three streams of on-going, proposed and/or future research
within establishing “green” solutions for durability and sustainability in civil engineering, emphasizing
on the following topics:
1. In the context of multi-functionality: establishing the applicability of new materials in concrete
technology, with an emphasis on nano-scale materials; improving existing knowledge on the
combined effects of electrochemical techniques and nano-materials (for corrosion control and novel
cathodic protection (CP) applications);
2. In the context of serviceability: improving the material properties of plain and reinforced cementbased systems and thus broadening their applicability (water distribution mains, X-ray shielding) by
using nano-materials and self-healing mechanisms;
3. In the context of sustainability: bio-engineered solutions, dealing with the “heat-island effect”,
energy saving, CO2 reduction, dust collection, etc. via vertical greening systems and developing a
multipurpose “green” CP.
2. EXPERIMENTAL
Since this work summarizes main aspects of already published works and further presents just initiated
(2011) research and/or proposed such, details on experimental material and methods will be given by
section where needed and with relevance to the separate investigations.
3. DISCUSSION (reported and on-going research)
3.1. Nano-materials, cathodic protection and their combination for reinforced concrete.
The alkaline nature of concrete generally provides corrosion protection for the embedded steel
reinforcement. Concrete is a heterogeneous material with high electrical resistivity and high alkalinity,
which forms a physico-chemical barrier for the corrosion process, thus assures the formation of a
stable passive layer on the steel surface [2]. Steel passivity, however, is often unstable and subject to
breakdown in certain conditions. This results in corrosion initiation, propagation and further
deterioration of a structure [3]. A variety of methods and techniques is available and applied in
practice for corrosion prevention and/or protection. These range from the use of high quality concrete,
stainless, high grade or coated steels, the use of additives etc. to electrochemical techniques [4-8] as
cathodic protection. More recently, an eco-friendly approach to corrosion control (and thus increased
durability) by using wastes or combination of wastes (e.g. “red mud” and blast furnace slag) was
studied and reported to have a very promising direct practical application [9-11].
Increasing durability with respect to the above issues will certainly result in increased sustainability
and beneficial socio-economic influence i.e. durable and “smart” structures will contribute as a
minimum to reduced emissions, eco-friendly practical application and safety within increased service
life. With respect to these aims, novel approaches were sought and recently, the application of
polymeric nano-aggregates was found to significantly affect the material properties (both steel and
concrete) in the desired direction. For example, research involving hybrid aggregates (metal core and
polymer shell) and polymeric nano-aggregates (micelles and vesicles) have shown very promising
results [12 - 21]. These formations were tested in model solutions or admixed in mortar, using a
minimal concentration of 4.9 x 10-4 g/l for solutions and 0.006 wt.% per mortar weight in mortar. The
approach of employing these types of nano-aggregates (which are generally used for drug delivery
applications) contains two main aspects: innovative for the field of civil engineering implementation
of tailored nano/micro aggregates and autonomous self-healing. The former (tailored aggregates) so
far proves to be a feasible approach for corrosion control, evidenced by the significant influence of
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minimal concentration of nano aggregates on material properties: achieved corrosion delay, substantial
reduction of water permeability and reduced porosity. The latter (self-healing aspects) is still under
investigation. Preliminary results in model solutions show promising results, “visualizing” the
feasibility of the concept itself: the investigated hybrid aggregates, containing a Ca-rich core and a
polymer shell appear to be affected by pH change in the environment, exhibiting altered morphology
and re-structuring, which in turn leads to the release of the Ca-rich substance. Further, steel electrodes,
treated in solutions in the presence of hybrid aggregates, exhibits increased corrosion resistance. Ongoing is the investigation on corrosion control via self-healing mechanisms in the presence of nanoaggregates (vesicles) and hybrid aggregates in reinforced mortar specimens.
The research so far, as briefly referenced above, resulted in presenting the possibility for integrating
nano-materials in civil engineering and electrochemical protection (prevention) techniques for
corrosion control i.e. cathodic protection (CP).

Fig.1 (top) Schematic presentation of reinforced concrete (corrosion and CP); (middle)relative chemical reactions at the
anode site and the concrete/anode/cement overlay interfaces (layers position, type, involved nano-aggregates); (bottom) selfhealing mechanism upon external trigger.
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A recently initiated project with a duration of 4 years will study the combination of the most
successfully applied electrochemical technique for corrosion prevention and/or protection (CP) and
nano-aggregates, carrying “self-healing” agents. Since CP can be sacrificial (using electronegative,
compared to steel, external anodes e.g. Zn, Al, Mg and their alloys) or impressed current (using inert
anodes, as MMO Ti, carbon coatings etc. and DC current source), different types of aggregates and
healing agents will be employed – Fig.1. Based on already completed work within the application of
nano-aggregates in civil engineering applications [12-21] and considering the above mentioned aims
for increased durability, sustainability and prolonged service life, the outline of this project (as
schematically shown in Fig.1) has the primary goal of increasing the durability of the anode/concrete
cover zone in reinforced concrete, by means of a self-healing mechanism, taking place only in the case
of already occurred damage. The result from the self-healing process will be restored properties of this
interface and increased durability. The project will integrate the following objectives:
- Superior material properties of cement-based over-layers with improved matrix characteristics i.e.
reduced porosity, permeability and uniform distribution of hydration products, incorporating hybrid
nano/micro-aggregates of a hydrophilic polymeric shell and a metal oxide/hydroxide-containing core.
The core will be released in the event of detrimental effects only (as pH drop and acidification of the
matrix). For MMO Ti anodes (impressed current CP) the core will be carrier of CaO for example; for
carbon coating or Zn coating, the core will be carrier of carbon nano-tubes or ZnO)
- Increased durability of the anode/concrete interface as a result of initially improved material
properties and self-healing mechanisms in the immediate event of altered pore solution. A beneficial
secondary aspect will be improved concrete bulk and possibly steel/cement paste interface.
- Broadening the application of the “self-healing cement based layer” for applications other than CP
installations i.e. civil structures subjected to Ca2+ leaching, where such effects lead to environmental
and health risks e.g. concrete structures used for radioactive waste disposal, underground and
underwater members that are constantly exposed to low pH environment.
3.2. “Vertical green” – beneficial ecologic, economic and societal aspects.
From 100% of sun light energy that falls on a leaf (Fig.2), 5-30% is reflected, 5-20% is used for
photosynthesis, 10-50% is transformed into heat, 20-40% is used for evapotranspiration and 5-30% is
passed through the leaf [22].
According to [24] the following average values for the energy balance of leaves can be extracted:
transpiration 30%, reflection 18%, emission 30%, transmission 18% and photosynthesis 4%. When a
façade is irradiated by the sun, heat transfer will occur through this façade. Most of the sun’s radiation
that is adsorbed by concrete, bituminous materials or masonry is reradiated as sensible heat (infrared
light). Greening the surfaces with vegetation to intercept the radiation can reduce the warming of hard
surfaces, especially in dense urban areas. Both plants and the substrates as growing medium have
contribution to the performance of a building component, which is beneficial for the thermal
behaviour of the building and results in energy cost savings. The objectives of this on-going
experimental study are: to identify the benefits of vertical greening systems in reducing the heat
transfer into the building; to examine quantitatively the effect of the six tested vertical greening
systems on the (increase of) thermal resistance of the building; to compare the abilities of vertical
greening systems in lowering temperatures of the façade regarding the urban heat island effect.
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Fig.2 Schematic presentation of the energy balance of vegetation (adapted from [22, 23]) translated at building level for a
green façade.

Fig. 3 (right) Temperature development after 8 hours of heating (35 °C) and (left) after 72 hours of cooling for a bare wall
compared with a living wall system based on planter boxes. Theoretical line is based on the prevailing temperature to predict
a steady state situation for the bare wall.

The results so far clearly visualise the beneficial effect of green facades as a multipurpose, ecofriendly solution in civil engineering. Figs. 3 and 4 present experimental results, reflecting the
previous statement. The temperature development after heating (Fig. 3left), after cooling (Fig.3right)
and an IR map of a building, using vertical green (Fig.4) clearly show the beneficial effect of green
facades. Green façades and living wall systems (LWS) have different characteristics that can have
influence on the cooling potential or can affect insulating properties. As depicted in Fig.4, taken with
an infrared camera in The Netherlands during summer period (August), the surfaces uncovered (red)
are warmer than the area covered by vegetation (green/blue). These effects, among other things,
depend on the thickness of the foliage (creating a stagnant air layer and shading the façade), water
content, material properties and possible air cavities between the different layers. The thermal
transmittance (and thus insulation properties as well) of a building is also dependant and affected by
the wind velocity that passes the surface of the building, a green layer can enhance the thermal
properties of a façade. As reported in [25] there is a potential of vertical green layers to reduce the
wind velocity around building façades.
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Finally, with respect to environmental and economic benefits, Table 1 [27] summarizes some results:
the calculation of the savings for the environmental impact as above described is based on the benefits
thanks to the energy saving for heating (insulation) and cooling (only for Mediterranean climate). The
energy saving due to the thermal properties of the systems is calculated through subtraction of the
amount of energy that can be saved as a result of the “extra” insulation layer. For the direct and
indirect greening systems the energy saving for heating is estimated as 1.2% of the annual
consumption. For the living wall systems based on planter boxes and felt layers the saving was
respectively 6.3% and 4%. The temperature decrease thanks to a green layer is estimated to be 4,5 °C
(43% energy saving for air conditioning) for the Mediterranean climate and 2,6 for the temperate
climate according to [26].

Fig.4 Photo of a façade covered by a direct greening system taken with infrared camera.
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3.3. Bio-engineering, nano-technology and electrochemistry for a multipurpose, “green”
corrosion protection in civil engineering.
The above introduced approaches to novel solutions for durability and sustainability of civil structures
are hereby combined in order to integrate material science and practical application and achieve multifunctionality, serviceability and sustainability in civil engineering. The novelty and originality within
the development of the “green” cathodic protection technique for corrosion control in civil engineering
is the integration of its elements and the application itself [23]. Schematically the approach is depicted
in Fig.5: Bio-foam/cement based layer: composed of cement, recycled porous aggregate and bio-foam
will be the growing medium for vertical green and will be applied over the anode surface, which as
integral part of a CP system. The bio-foam layer can be designed to incorporate tailored nanomaterials (approach similar to the above presented for CP and nano-technology, Fig.1), thus resulting
in broadening the possibilities for desired performance.

Fig.5 Schematic presentation of the “green” CP solution for corrosion control (reinforced concrete bridge application).

For structural applications as bridges for example (Fig.5), the Multifunctional “green’ CP, except
corrosion control, will result in: “Clean air” (Fig.5right); Improved growing medium (due to the
general anodic reactions in the proximity of plant growth); Increased anode efficiency (lower RH in
the layer). As far as the “green CP” application for residential buildings is concerned (Fig.2), relevant
will be: Comfort & Sustainability: thermo isolation (cooling in summer and heat retain in winter
periods) and sound isolation will result from the proven properties of the bio-foam itself: long
recognised are heat isolation and excellent sound absorption (in addition to the stability, nonflammability, antibacterial action and bio-degradability of the bio-foam); Cost-efficiency: indirectly
the self-supported “green” CP system will lead to reduced energy consumption (mainly for heating
and cooling with respect to residential buildings).
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4. CONCLUSIONS
In conclusion, this paper summarised some novel aspects, related to environmentally-friendly
solutions for durable reinforced concrete systems. Beyond doubt is that nano-chemistry provides
bottom-up possibilities for establishing a smart concrete technology. Therefore the challenge ahead is
to upscale the application of these materials and novel approaches and to broaden their application e.g.
once bulk matrix properties, steel/cement paste interface and steel passive layer are with superior
properties and performance, the modified materials can be used for example for systems, where
corrosion and/or leaching problems are to be avoided (e.g. concrete structures used for radioactive
waste disposal, underground and underwater members that are constantly exposed to low pH
environment, etc.).
Except the discussed corrosion-related durability issues, some important and emerging concerns,
related to reinforced concrete are: reduction of the “heat island effect” in hot seasons (and reduction of
heat release in cold seasons); reduction of noise transmission, reuse, recycling and energy savings.
Traditionally, the aims of “green facades” or “roofs” are to create benefit for both nature and humans.
On a more technical basis, energy saving by isolation (in summer periods); microclimate improvement
and capability of plants to adsorb air polluting substances are aimed. All these are very important, but
are actually considered to be with a (more or less) aesthetical purpose mainly. Therefore the paper
outlined the presently on-going research on the integration of electrochemistry, biotechnology,
concrete material science and “green facades” as a multifunctional, serviceable and sustainable
approach to solving durability issues in civil engineering.
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Abstract
The study of groundwater chemistry and the role of rocks in groundwater contamination was carried
out on the site near phosphogypsum and pyrite cinders piles with the purpose of nature conservative
measures justification for the groundwater intake protection against pollution. The tests of rock
samples included the study of rock contamination by microelements and heavy metals fixation forms
(water-soluble, exchange, carbonate, amorphous hydroxide, organic- mineral). Received data allowed
one to established the role of rocks as "complex geochemical barrier", where the main part of
microcomponents migrating with groundwater was fixed, forming the source of the secondary
contamination. Assessment of the secondary contamination source influence on groundwater in the
case of pile liquidation was carried on the basis of heavy metals fixation forms distribution. Results of
the completed works have been used for a substantiation of control decisions of water contamination
risk minimization.
Key words: groundwater, rock, contamination, heavy metasl, phosphogypsum, pyrite cinder
1. INTRODUCTION
The principle of an integrated approach to the assessment of anthropogenic impact on the geological
environment is rarely used in practice indeed. For example, in the papers dealed with the prevention of
fresh groundwater contamination even when carrying out the migration calculations the problems of
physico-chemical interactions in the water – rock system are not considered on a number of occasions.
It is caused on the one hand by the lack of sufficient funds to expensive field and laboratory works, on
the other hand - with the complexity and different interpretations of the applicable computation
models. Reliability of calculations and results of migration processes modeling to a considerable
degree defined by the knowledge of parameters of the real system contaminated water - rock.
Assessment of these parameters for many contaminants is difficult and still unsolved problem.
Underestimation of the physico - chemical processes role can lead either to unnecessarily high cost for
water-protective measures, or to groundwater contamination of components that are not controlled,
and in the period which is not expected.
In this paper the attempt was made to use the research results of technogenic changes in the rock
composition in the area and in the vertical section to evaluate the interaction of contaminated water
and rocks. This research direction arose from the need to justify the selection of engineering measures
to protect against contamination of fresh groundwater, which, as was shown in [1, 2], are in the zone
of the main contamination sources impact - the pile of phosphogypsum and pyrite cinder. The results
of the early previous studies [3, 5] showed that the waste is a potential source of many elements:
calcium, sulfur (as sulfate), heavy metals, fluorine, phosphorus, arsenic, strontium, rare earth elements.
When filtering through the pile, pH of water significantly reduced mainly due to the dissolution of the
free phosphoric acid, thereby creating the favorable conditions for migration of iron, manganese,
copper, zinc, strontium, etc.
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When interacting the infiltrating acid sulfate waters and water-bearing rocks the significant
transformation of water results from the following processes such as precipitation of hydroxides of
iron and manganese in alkaline barrier, precipitation of technogenic gypsum from supersaturated
solutions, sorption of elements by dispersed rocks and freshly precipitated hydroxide, exchange of the
groundwater cations and calcium or magnesium of carbonate rocks.The processes, occurring in the
system contaminated water - rocks, can lead, on the one hand, to decrease of the contaminants
concentration in groundwater, on the other hand – to composition changes of the rocks themselves.
Concentration of elements in the solid phase can form a secondary source of contamination and if
changing the conditions the "fixed" elements may again enter to groundwater.
Many questions remained ill-conceived, for example, the questions concerning the role of rocks in
controlling the concentrations of contaminants, especially trace elements - manganese, zinc, lead,
copper, cobalt, cadmium, nickel, which concentrations in groundwater in the area near the pile in some
cases exceeded, or were close to the maximum permissible concentrations. Technogenic changes of
rocks were studied insufficiently. Clarification of this problem was significant in explaining the
features of contaminated water migration from the pile of phosphogypsum and pyrite cinder.
In this regard, the main tasks of this direction of work were formulated: 1) to ascertain a character and
a level of technogenic changes of rocks salinity in the area of the pile, 2) to determine the composition
of trace elements entering from the pile and the features of their distribution in the vertical section, 3)
to determine the distribution of the heavy metals forms in the rocks.
2. CHARACTERISTIC OF AREA UNDER INVESTIGATION
The site under investigation is located in the valley of Moscow river in the territory of one of the
industrial districts in Moscow region. Geological cross-section of this district represents by Middle
Carboniferous marls and dolomites, Upper Carboniferous limestones, Middle Jurassic sands, Upper
Jurassic clays, Quaternary sediments (sand, sandy loam, loam). Jurassic sediments in the river valley
are absent and the Carboniferous rocks lie directly under the alluvial deposits. Hydrogeologic
conditions of the studied area are represented by the aquifers: alluvial aquifer in the sandy-clayey
sediments; kasimovskii aquifer in carbonate sediments of Upper Carboniferous system, podolsko myachkovskii aquifer in limestones of Middle Carboniferous system, kashirskii aquifer in carbonate
sediments of Middle Carboniferous system. The ratio of levels in the aquifers is typical for the
watershed flows: in the central part of the flow, where heads are falling top-down, recharge of aquifers
is due to overflow from the upper aquifers, for alluvial aquifer - by infiltration of precipitation.
Groundwater discharges in the river valleys.
The target aquifer in the studied area is podolsko - myachkovskii aquifer in limestones of Middle
Carboniferous system. Background composition of this aquifer in the large area changed due to the
presence of pollution sources and intensive exploitation by water-supply wells. One of the major
sources of groundwater pollution was the pile of phosphogypsum located on the riverside. The
northern and central parts of the pile were underlain by Voskresenski clays, and the southern – by
pyrite cinder sediments, filled here earlier. Pyrite cinder stored between the pile and the riverbed also.
3. MATERIALS AND TECHNIQUE OF EXPERIMENTS
The complex of laboratory tests of rocks sampled in the vicinity of the pile was carried out for the
assigned tasks solving (wells 1k, 2k, 5k, 11k, 17k, 29). In addition, salinity of the pile sediments has
been studied, as well as the filled-up ground, clay and carbonate rocks, located directly below the pile
(well 8k). Location of the wells is represented in Figure 1. The background values of rocks were
obtained in a site, located outside of the zone of the pile impact.
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Fig. 1. Scheme of wells location
The study of rocks salinity was based on determining the composition of water-soluble complex of
rocks using the method of water extracts. Gypsum content in the rocks samples was determined by
comparing the results of the analysis of hydrochloric acid and aqueous extracts (based on the
difference in sulfate ion contents). The type and intensity of rocks contamination by microelements
were studied with the use of to the semi-quantitative spectral analysis.
Phase geochemical method (in modification, developed by J. E. Saet and N.I. Nesvizhskaya [4]) was
used to establish the forms of heavy metals in the rocks. These method allows to determine the
distribution of the most important mineralogical and geochemical forms of the elements by a series of
consecutive extracts: water - soluble form (by the aqueous extract), exchange-adsorbed form (by
potassium chloride extraction in an alcohol solution), carbonate form (co-extraction of carbonates and
water-soluble sulphates by acetate buffer СН3СООН + СН3СООNa with pH 4.2), organo-mineral
form (extraction by buffer with a mixture of acetic acid after treatment samples with hydrogen
peroxide), amorphous hydroxide form (extraction by Chester mixture, consisting of a solution of 1 M
hydroxylamine and 35% acetic acid).
It should be noted that proposed method of elements fixation forms is not used extensively in
hydrogeological researches, despite its successful application in environmental and geochemical
studies, as well as the search for ore deposits, etc.
4. RESULTS AND DISSCUSSION
In the current study it was found that the type and degree of salinity of Quaternary and Carboniferous
sediments has changed in the zone of the pile impact. Salinity changes caused mainly by increase of
calcium sulfate content in the water-soluble complex, in a less degree by magnesium sulfate and
sodium, and was due to migration of water polluted with components resulting from infiltrating water
leaching of phosphogypsum and pyrite cinder.
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Type of rocks salinity in most cases was calcium sulfate, less calcium-magnesium sulfate (calciumsodium). In the Quaternary sandy - clayey sediments the most intense salinity (1.20-1.36 %, that
higher than 48-54 times the background salinity) was observed in the immediate vicinity of the pile
(wells 29, 2k). As the distance from the pile the intensity of Quaternary rocks salinity decreased, and
significant values were remained only in the contact zone of the Quaternary and Carboniferous
sediments. In the Carboniferous sediments the highest degree of salinity of rocks (1.51 %) was
recorded in well 29 at the site where the Carboniferous rocks lie at a relatively shallow depth (less than
6 m). On the south side of the pile the degree of rocks salinity varied from 0.31 to 1.42 % (well 2k 1.18 %, well 1k -1.42 %, well 5k -0.90 %, well 17k -0.31 %).
The study of rocks salinity in vertical section allowed to delineate the area of the main migration of
contaminated water from pile of phosphogypsum and pyrite cinder. It was found that the largest
technogenic changes of salinity of the rocks was confined to the upper part of the Quaternary
sediments at the selected sites and to the top of the Carboniferous sediments in almost all the wells,
and in this depth range, apparently, the migration of contaminated water from the pile occurred.
Technogenic changes of rocks in the studied area was also became apparent in their enrichment of
technogenic gypsum and hydroxides of iron and aluminum. The characteristic feature of the
technogenic gypsum distribution in the vertical section was the gypsum content increase (up to
12.1%).in the contact of Quaternary sandy - clayey sediments and Carboniferous limestones and
dolomites.
In the upper part of the Quaternary rocks the zone of high iron content was marked out, which was
associated with iron hydroxides precipitation from the polluted water at the alkaline barrier. The main
source of iron was pyrite cinders, stored in the pile or scattered around the pile.
Assessment of microelements concentration in rocks was carried out for the study of their
contamination of rocks in the zone of phosphogypsum pile impact. As the main indicator,
characterizing the accumulation of elements, we used the concentration coefficient (Kc), representing
the ratio of element content in the rocks of the study area to its content in a similar lithological
differences in the background site.
Complex polyelement contamination as the Quaternary, and Carboniferous carbonate rocks has been
established by using of multicomponent spectral analysis of rocks. The distribution of microelements
in vertical section was revealed for most elements of the presence of contents peaks, which indicates
the fixation of elements on the geochemical barriers. Diagrams of the distribution of individual
elements are presented in Figure 2.
The following associations of elements with maximum values of the concentration coefficient (Кс) can
be identified:
I. in Quaternary sandy - clayey sediments:
1) association of elements with Кс = 1-10:
Ag10 Pb8 Y6Co5 Ba5 Mo4 Sc4 Cr4 V4 Ni4 Li3 Ti3 Yb3 Zn3 Sn2 B2 F2
2) association of elements with Кс = 10-100:
Cd100 Zn50 As40 Sr30 Cu25 Mn13
II. in Carboniferous carbonate rocks:
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Fig. 2. Distribution diagram of chemical elements in the samples from well 2k
1) association of elements with Кс = 1—10:
Cr10 Ga10 V10 Zn10 F9 Li7 Y6 B6 Pb5 Mn5 Sc4 Ni4 Sn3 Co3 Ag2 Mo2 Co2;
2) association of elements with Кс - 10-100:
Zn100 Sr40 As30 Cu20..
Thus, the most significant concentration of strontium, arsenic and heavy metals occurred.
Concentration of elements in the upper part of geological section mostly occurred on the geochemical
barriers. Thus, at a depth of 3.5-3.7 m the increased concentrations of Mn, Cr, V, Co, Cu, Zn, Cd, Zr
were revealed in the limestone detritus interlayer on alkaline and carbonate barriers. Below, the
strontium concentration was ascertained on the sulfate barrier at a depth of 12.5 m, and concentration
of Zn, Cu, As – in the top of the Carboniferous limestone on the alkaline barrier.
The elements distribution features in Carboniferous carbonate rocks in the deeper parts of the vertical
section, apparently related to the horizontal migration of contaminated groundwater in the zones of
high permeability. This was especially clearly become apparent in the distribution of strontium
concentration in rocks at depths of 48-51 m, 58.3-62.4 m and 75.0-76.3 m where strontium
concentration increased up to 40-100 times. It should be noted that the geophysical data confirmed the
presence of these deep zones of increased permeability. Te fixation of strontium in the rocks occurred
when the carbonate rocks and strontium containing waters interacting.
The results of spectral analysis showed the potential hazard of rocks as “a complex geochemical
barrier”, where contaminants may fixed, thus causing a decrease of groundwater contamination, but
creating a source of secondary contamination. To assess the potential hazard of groundwater
contamination, even in case of liquidation of the pile (when the components can enter from the
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contaminated vadoze zone and water-bearing rocks in the result of desorption and dissolution) it is
necessary to know the forms of contaminants: water-soluble form, easily extracted exchangeadsorbed form or the form of more difficult extracted carbonates, sulfates, organic-mineral form, etc.
In this connection it became necessary to study the forms of some elements in the rocks. Taking into
account the complexity of forms fixation definition, at this stage the study was limited by studying the
heavy metals and iron forms in rocks such as elements, characterized by high degrees of concentration
in the rocks and increased contents in groundwater (especially Fe, Mn, Zn). Changes of fixation metal
forms in vertical section (well 5k) are presented in Figure 3 -4 and Table 1.

Fig. 3. Changes of fixation forms in vertical section (well 5k): а – iron, b – cobalt, c – lead. Forms of
elements: 1- water-soluble, 2 -exchange-adsorbed, 3 – carbonate, 4 - organic-mineral, 5 - amorphous
hydroxide
On the basis of generalization of received results it was established the following.
In the top of the sandy-clayey vertical section the basic forms of the elements were: for iron, copper,
nickel, chromium - hydroxide form, for cobalt and manganese - hydroxide and organic-mineral forms,
for lead and cadmium - exchange-adsorbed form, for zinc - carbonate and organic – mineral forms. In
the lower part of vertical section the most significant forms of elements were: for cobalt, copper,
manganese, zinc, cadmium – carbonate form, for iron, nickel and chromium – hydroxide form, for
lead - carbonate, hydroxide, organic-mineral forms.
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A small amount of heavy metals and iron was in the form of water-soluble compounds. In absolute
values, the most significant contents of water-soluble compounds were reveal for iron, zinc and
manganese, that was consistent with the fact that high concentrations of these elements occurred in
groundwater. Three groups of elements, differing in the nature of the concentration, were marked out
in the part of the vertical section under consideration.

Fig. 4. Changes of fixation forms in vertical section (well 5k): а – manganese, b – copper, c –
chromium, d – cadmium, e –zinc, f – nikel. Legend is presented in Fig.3.
The first group included the elements, whose concentration peaks were recorded in the upper part of
vertical section at a depth of 7 m. These were iron, cobalt, manganese, fixed here mainly in the form
of hydroxide, and zinc, fixed mainly in the organic -mineral form. Fixation of these elements occurred
on the alkaline barrier.
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Table 1. Forms of elements fixation
Forms of
elements
fixation

Fe2+

Pb2+

Co2+

Cu2+

Ni2+

Mn2+

Zn2+

Cd2+

Cr2+

mg/100 g of the rock
Depth 7 m

11
2
3
4
5

0.085

<

<

<

<

0.138

<

<2

0.015

0.213

0.015

0.050

0.013

0.035

1.875

0.088

0.003

0.020

6.62

<

0.038

0.032

0.025

2.21

2.21

<

0.069

10.09

<

0.189

0.013

0.044

15.77

9.46

<

0.057

243.9

<

0.279

0.118

0.074

30.86

0.367

<

0.176

Depth 11 m
1
2
3
4
5

0.053

<

н. <.

0.003

<

0.013

0.238

<

0.013

0.263

0.015

0.038

0.013

0.005

0.063

0.025

<

0.010

1.95

<

<

0.047

0.012

3.84

0.591

<

0.047

5.37

<

0.148

0.042

0.024

5.61

0.148

<

0.047

68.2

<

0.028

0.072

0.084

2.79

0.279

<

0.167

Depth 15 m
1
2
3
4
5

0.048

<

<

0.002

0.005

0.018

0.300

<

0.010

0.188

0.018

0.050

0.013

0.010

0.023

0.025

<

0.015

2.13

<

0.157

0.909

0.038

6.27

9.47

0.038

0.050

2.04

<

0.031

0.150

<

2.51

1.26

<

0.063

60.9

0.188

0.027

0.322

0.054

3.35

1.42

<

0.170

Depth 17 m
1
2
3
4
5

0.043

<

<

0.003

0.008

0.018

0.050

<

0.013

0.163

<

0.038

0.015

<

0.040

0.025

<

0.018

0.793

0.057

0.127

0.667

0.038

3.49

9.20

0.019

0.057

1.68

<

0.032

0.184

<

1.59

1.27

<

0.051

49.9

<

<

0.485

0.100

2.14

2.14

<

0.186

Depth 19 m
1
2
3
4
5

0.025

<

<

0.005

0.005

0.023

0.038

<

0.015

0.163

0.015

0.025

0.013

<

0.013

0.063

<

0.020

1.30

0.044

0.095

0.664

0.013

3.48

8.85

0.019

0.057

2.84

0.089

0.032

0.171

0.025

1.58

0.948

0.006

0.051

43.8

<

0.029

0.351

0.073

1.24

1.46

<

0.132

1

Forms of elements fixation are shown in Fig. 3
2
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The second group included the elements, whose concentration peaks were recorded at a depth of 15-16
m in the carbonate part of the section. These were copper, zinc and cadmium, fixed here mainly in
carbonate form, and lead, fixed mainly in the amorphous hydroxide form. Concentration of copper,
zinc and cadmium occurred on the carbonate barrier.
The third group includes elements with no apparent peak concentration in a vertical profile: nickel and
chrome. The main form of these elements fixation was an amorphous hydroxide form.
The results of the rocks study allowed to confirm the assumption that the main part of heavy metals
migrating in groundwater fixed in the rocks, on one side, causing a decrease in the concentration of
pollutants in groundwater, and on the other - forming a source of secondary pollution, so as conditions
change, such as the depth distribution of acidic water, a certain amount of heavy metals can enter in
groundwater.
The ranks of the maximum concentrations of elements in various forms are presented below (numeral,
located to the right of the element – element content, mg/100 g of the rock; < - below sensitivity of
analysis):
Water-soluble form:
Fe0.563 Zn0.300 Mn0.138 Cr0.015 Cu0.013 Ni0.008 Pb< Co< Cd<
Exchange form:
Mn1.875 Fe0.263 Zn0.088 Co0.050 Ni0.035 Cr0.020 Pb0.018 Cu0.015 Cd0.003
Carbonate form:
Zn13.79 Fe6.65 Mn6.27 Cu0.947 Co0.457 Cd0.125 Cr0.069 Pb0.057 Ni0.038
Organic-mineral form:
Mn15.77 Fe10.09 Zn9.46 Cu0.221 Co0.189 Pb0.089 Cr0.057 Ni0.044 Cd0.006
Amorphous hydroxide form:
Fe243.9 Mn30.86 Zn2.14 Cu0.485 Co0.279 Cr0.201 Pb0.188 Ni0.100 Cd<
Thus, the main hazard was caused by the three metals - manganese, zinc and iron, which were
characterized by the highest contents in the mobile forms as compared with the other elements under
consideration.
4. CONCLUSION
The obtained results confirmed the necessity of study of the rock role in the formation of technogenic
contamination of groundwater in the research of a wide range of environmental problems. As a basic
approach, one can recommend a set of laboratory techniques, which allows to find out the forms of
contaminants fixation in the rocks. Special sampling technique together with the laboratory tests can
determine the distribution of the elements forms in the rocks.
As a result of this approach use for assessment of the rock role in technogenic contamination at the site
of phosphogypsum and pyrite cinder pile it was found that most of the migrating in groundwater heavy
metals and iron fixed in the rocks on the one hand, causing a decrease in the concentration of
contaminants in groundwater and on the other hand - creating a source of secondary contamination.
Sizes of the secondary contamination source were determined by the totality of natural and man-made
environment pollution conditions. Formation of the secondary contamination source has affected
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mostly sediments within the site under investigation in close proximity to the pile, and carbonate rocks
of the target aquifer polluted more than the Quaternary sediments.
When selecting the measures for the water intake protection more attention should be focused on
components such as sulfate ion, iron, strontium and manganese. None of the component was exceeded
maximum permissible concentration, but the results of chemical analysis of groundwater sampled
from water supply wells showed a tendency to increase the concentration of these components. It
allowed to recommend monitoring of technogenic changes of groundwater and rock composition with
due regard to received data.
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