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Niniejsza monografia jest wynikiem wspotpracy badawczej pracownikéw
naukowych Ukrainy zajmujgcych sie szeroko pojetg problematyka ekologiczno-
rolnicza z pracownikami Samodzielnej Katedry Inzynierii Procesowej
Uniwersytetu Opolskiego (SKIP), specjalizujgcymi sie rowniez w tej
problematyce.

Inicjatorem tej niezwykle owocnej wspdtpracy byfa profesor Antonina
Kalinichenko od szeregu lat bedaca pracownikiem SKIP, a uprzednio
zatrudniona w Panstwowej Akademii Rolniczej w Pottawie.

W monografii przedstawiono nie tylko artykuty powstate we wspdtpracy
pracownikdw SKIP z uczonymi zatrudnionymi w wiodacych osrodkach
naukowych Ukrainy usytuowanych w takich miastach jak Lwéw, Zytomierz,
Umansk, Charkéw, Kijow czy Pottawa, ale rowniez niektore samodzielne prace
uczonych ukrainskich.

Niniejsza momografia dowodzi tezy, ze nauka i wspotpraca naukowo-

badawcza nie zna granic i jest ze wszech miar wskazana.
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SOILS OF UKRAINE, THEIR PROPERTIES AND FERTILITY

Introduction

The total area of Ukraine is 60.1 million hectares, agricultural land - 41.8
million hectares, arable land - 32.7 million hectares, population - about 43 mi-
llion people. It includes natural areas of Polissya (in the north) with soddy-po-
dzolic and gley soils of light particle size distribution on fluvioglacial rocks,
Forest-Steppe (in the middle of the country) - with chernozems podsolized and
typical, dark gray and gray soils, North and South Steppe (in south) with
chernozems ordinary and southern, Arid Steppe with chestnut saline soils and
solonetz. In the Seppe and Forest Steppe there are soils mainly heavy loamy
and light clay particle size distribution on loess and loess loams.

The surface is mostly flat with some hills (Volyn-Podolsk — in West, spurs of
Middle- Russian - in the northeast, Donetsk ridge - the southeast) in the far
West and South - Carpathian and Crimean mountains. The average January

temperature from + 2 O to + 4 O on the Southern coast of Crimea to -80 in the

northeast, July from + 18 O in the northwest to + 23-25 O, on the southern
coast of Crimea. Rainfall from 700 mm in the northwest and to 300 mm in the
southeast per year. In the mountainous Crimea and the Carpathians - 1000-
1600 mm per year.

Aim

To consider agronomically important properties of soils in Ukraine, to
estimate their real state, fertility and justify the ways of rational use and
protection.

Objects and methods

The article is written using the database "Properties of Ukrainian Soils",
which is currently includes information from more than 2,000 pits (1). All
measurements are made using standard or conventional research methods in
Ukraine.

Quantitative indicators of degradation, negative natural manifestations of
arable soils, and the spread of arable land is calculated on the basis digitized
maps. Areas of possible degradation on dynamic parameters (compaction) are
calculated on the basis of the definitions in equilibrium, spliting - after pre-
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sowing tillage and sowing and after the main plowing cultivation (moldboard) in
autumn. The risk of a lack of productive moisture - by agroclimatic directories,
specific resistance - by measurements of standard items.

Characteristics of soils

The most common in Polessya soddy-podsolic soils (Albeluvisols Umbric,
Albeluvisols Gleyic, more than 2.5 min. ha) contain in the upper horizon less
than 2% of humus, are characterized by low saturation of bases, acidic reaction
of soil solution, and gleying (surface or intrasoil).

Typical chernozems of Forest-Steppe (Chernozems Chernic, more than 7.0
min. ha) are characterized by a deep well humus profile to 120-150 cm. The
content of humus depending on particle size distribution varies from 2.5 to
6.0% or respectively from 300-350 to 550-600 t / ha. The absorption capacity
to 45 mEq /100 g soil, absorbed cations strongly dominated by calcium. pHH20

- 6,7-7,3, hydrolytic acidity is not more than 1.2 mEq / 100 g.

Chernozems ordinary of Northern Steppe (Chernozems Calcic) occupy an
area of 11.5 million hectares, their properties depend on particle size distri-
bution, for the most common varieties heavy loamy kinds humus profile depth
is to 85 cm, and humus content in the arable layer - 3.5-4.5% .

Dark brown and chestnut saline soils of Arid Steppe (Kastanozems Haplic,
about 1.3 min. Ha) humus profile is 75 cm, humus content in the topsoil of light
clay kind that dominates - about 3%.

Therefore, soil cover of Ukraine consists of 60% chernozems - unique in
their structure, properties and potential fertility. Based on the study of these
soils the scientist V.V. Dokuchaev laid the foundations of the new science - soil
science that is now recognized around the world. These soils are distinguished
by ultradeep (over 1 m) humus layer, fine granular structure, almost perfect
density structure, good and moderate supply of nutrients. Unfortunately, these
model objects are preserved only in virgin conditions. It turned out that the
world's best chernozem ("Soil king" by V.V. Dokuchaev) is very vulnerable to
human interference and especially under the influence of excessive interference
is able to become degraded soil. On this basis it is difficult to realize the
potential output (which is to Ukraine a lot more 60 million tons of grain) and
almost impossible to maintain a comfortable environmental conditions.

The content and intensity of degradation in arable soils

Soils Ukraine have been well studied, but it does not become an obstacle to
the intensive processes of degradation. About a third of arable area eroded, lost
about 20% of organic matter, large areas of arable soils in compacted subsoil
layer, significantly reduced supply of nutrients, numerous problems occur on
reclaimed soils.

Comparison of arable soils with virgin counterparts shows that over the last
40-50 years the most typical processes are (2-7):

e Dehumification with a speed of 0.5 - 1.5 t/ha per year with a tendency to

braking loss to late 80's. From 2005 to 2009 dehumification flowed with
a speed of 0,42-0,51 t / ha per year,;
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e Growth of balance deficit of available nutrients, especially nitrogen and
potassium (as - 41,5-56,4 kg / ha in 2001 and -32.9 - - 64.2 in 2009);

e chernozem acidification, particularly noticeable in Cherkasy and Sumy
regions ( ApH = - 0.3-0.5);

e overcompaction especially noticeable in the western Forest-steppe and
generally spread to 40% of arable land, destruction of structures and
crust formation;

e erosion reducing of topsoil power, reaching several centimeters in cher-
nozem soil (estimates) and drained soils of Polissya;

e Secondary alkalinity and salinity in irrigated soils.

From the other negative processes, development of which is observed lo-
cally, we mark pollution (heavy metals and radionuclides), waterlogging,
flooding, formation of soda.

Over 130 years, since the first measurements of humus contents in the soils
of Ukraine made by V.V. Dokuchaev, loss of humus in the soils of Forest-steppe
in the average reached 22%, in soils of Steppe -19.5% and in soils of Polessya
- about 19 %. Greatest humus losses were occurred in the 70's, when in the
seeded area the proportion of cultivated crops - sugar beet and sunflower was
dramatically increased.

However, in the 80 years the loss has slowed due to the use of the annual
average in the country of 8.4 t/ha of manure and 150 kg a.m. of mineral
fertilizers per 1 ha of arable land, and in some areas even higher - respectively
15 t/ha and more 200 kg a.m. During these years in soils of Ukraine it was
simple reproduction of fertility, that is, formed non-deficit balance of basic
nutrients. Unfortunately, next years it was marked decrease in arable soils
entering of mineral and organic fertilizers.

As a result of the loss of humus and extremely high level of tilled agri-
cultural lands in soils there is deteriorating physical properties (particularly the
equilibrium density structure and waterproof of soil units) and increases the risk
of water and wind erosion. The total area of soils with short humus-accu-
mulative horizon is 13.4 min. ha. It is believed that this occurs as a result of
water erosion. Another big area (especially in the Stepe) where there is a risk of
wind erosion. Last its manifestation in 2004 covered an area of 7.4 min. ha.

Overcompaction and consolidation of separate units is the most dangerous
consequence of intensive mechanical cultivation for soils of Ukraine. Despite the
fact that from 2007 Ukraine has a standard that limits the load on the soil in the
country it is still used the machine and tractor units (MTU) with specific
unacceptable pressure. Overcompaction threat exists in all natural zones of
Ukraine. The reason for the extensive development of negative processes in
addition to the MTU, there are also many soil factors, including, primarily loamy
particle size distribution, low output (before cultivation) density structure and
the humidity in the spring, close to the physical ripeness. Due to a large
number of individual process operations performed by heavy tractors and
combines, overcompaction often occurs even on easy, poor susceptible to
compaction soils.

Therefore, unfavorable anthropogenic evolution of soils is actually observed
fact, and its content is a reasonable concern. Arable soils are in a none-
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quilibrium (unstable) state (Table 1, Fig.1,2). The conclusion of this situation is
clear: together with the evolution of the soil technology of agriculture must
evolve too. And soil conservative content should be richer than worst result of
human evolution of soils. In the methods of cultivation their soil protective
orientation should dominate.

Table. 1. Area of distribution of degradation phenomena, their risks or negative
effects of soil properties of arable Ukraine

Indicator of degradation Quantitative characteristic Area of distribution
or risk of negative soil mil. ha | % (from area of arable
property land, 32 mil. ha)
risk of lumps formation >10% lumps sized>10mm insowing 3,8 12.1
layer

risk of dispersion >10% factions <0,25 mm 14,1 44,1
risk of abrasion operation of ploughshares 6,9 21,6

>70 g/ha
risk of overcompaction >1,25g/cm3in sowing layer 17,3 54,1
risk of soil dispersion >8% by Kaczynski factor 5,8 18,1
risk of lack of productive < 20mm inlayer 0-20 cm 6,9 21,6

moisture in spring

the risk of lack of <100 mm in layer 0-100 cm 21,3 66,6
productive moisture

during the formation of
generative organs

probability of humidity >22% and <13% in sowing layer in 9,5 29.7
deviation from physical spring

maturity

reduced number of days <5 1,5 0,05

with humidity of optimum
crushing in spring

the same in autumn <5 11,0 34,3
ultra-high resistivity >0,6 kgc/cm? 9,1 28,4
under plowing '

reduced number of <50%aggregates sized 10-0,25 mm 14,1 44,1
agronomically useful

aggregates

reduced water resistance <40% aggregates sized >0,25 mm 8.4 26.2
of aggregates

lowered general <50% in arabale layer 11,1 34,7

equilibrium porosity

Distribution of arable land in Ukraine on the content
of the aggregates sized 0,25-10,0 mm

Content of a Soif area
fraction, % % | milha
28,8 8,6
>0 42,1 12,6
A 17,7 53
a0 0,5 02
50-40 ‘ ¢
s 0,8 0,2
structureless soil, 9,3 28
no data 0,8 0.2

no data

s
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Content of waterproof aggregates sized> 0.25 mm in the
humus horizon of arable land in Ukraine

Waterproof aggregates > 0,.25mm, % | Area of arable soils

%‘, g | % | miha
_ v r::._ - <20 09 0,3
<o 20-30 89 2,7
B -0 30-40 18,0 5.4
| ERY 40-50 324 9,7
B :0-50 > 50 14,0 4,2
B ) structureless soil, 156 4,7
structureless soil no data 10,2 3,0
| Inodata . .
B reservoirs Sample size: 290

Areas with different soil equilibrium
density in the 0-50 cm layer

Structure density, Soif area
g/em3 % mil.ha
<125 42,3 12,7
1,26-1,35 29,9 9,0
1,36-1,45 13,4 4,0
g’fﬁ'ﬁ JoaRKS o 1,46-1,55 7,2 2,1
T 2 > 1,55 7,2 2,2

o
|:] reservoirs

Distribution of plowed soils in Ukraine
by total porosity size

Area of plowed
Porostty, % soils
% mil.ha
< 42 6,6 2,0
42-47 171 51
4247 47-51 13,5 4,0
- 47-51 51-57 28,3 8,5
- 51-57 > 57 29,6 8,9
[ B no data 4,9 1,5
D no data
[ reservoirs

Fig. 1. Structure and composition of plowed soil of Ukraine
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Distribution of plowed soils in Ukraine
by total porosity size

Area of plowed
Porostty, % soils
% | milha
< 42 6,6 2,0
42-47 17,1 5.1
47-51 13,5 4,0
51-57 28,3 8,5
> 57 29,6 8,9
no data 4.9 1,5

_! no data

[ ] reservolirs

Soil areas with different fraction
content <0.25 mm by structural

analysis
- Soil area
Fraction content, % ﬁi% ilha

<5 1,7 0,5
5-10 33,7 10,1
10-15 8,1 11,4
15-20 7,0 21
»>20 8,8 2,6
Structureless soil 9,95 3,0
No data 0,8 0,2

T | structureless soil

:] no data
[T reservoirs

Areas with different soil overcompaction
risk

Risk of overcompaction Soil area

under tillage % mil ha

Absent 29 0,9
Weakly expressed 12,2 38
Medium 9.3 2,8
Strongly expressed 57,3 17,2
Neo data 15,5 4,7
No data 2.7 0.8

- absent
- weakly expressed
- medium

- strongly expressed
B >tremely high
:I no data

Fig. 2.Distribution and area of plowed soil of Ukraine with a risk of
manifestations of lumps, spliting and overcompaction

Data of tables show that the country's arable soils need soil conservation
measures. In recent years, unfortunately, due to the weakening attention to
soil fertility it has led to the fact that by constantly balance deficit of nutrition
elements recently highly fertile chernozems have become soils with average
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fertility. Unfortunately, many new negative trends in the soils remain out of
sight of authorities, and land users as well.

In Ukraine in recent years unbalanced deficiency farming system has do-
minated. As a result, the soils lost much of humus, the most fertile soils in the
world turned into soil with average (according to the Institute of Soil Protection
of Agriculture Ministry) level of fertility and continue to deteriorate. Small doses
of fertilizer and manure do not provide reproduction of soil fertility. Yields in
recent years are largely the result of exceptionally natural fertility depletion,
depletion of potential outcome of its parts. To keep continue this approach to
fertility is unacceptable because it would lead to the further aggravation of the
problem.

Thus, in the structure of the land fund of Ukraine large areas are occupied
by poor soil properties (degraded and other marginal soils). According to the
calculations of the Institute of Land Management, the area in the composition
of arable land exceeds 6.5 min. ha, or 20% of the area. According to other
institutions (NSC ISSAR, NSC "Institute of Agriculture™), the area of degraded
and marginal soils is more than 8, and even about 10 min. ha. Direct annual
costs from use of such lands in arable land (ie, the difference between the
value of gross domestic product and cost to obtain it) reach in the whole
around Ukraine 400 min. UAH.

In qualitative state of land resources and variety of objects of industries
significantly affect hydrometeorological and dangerous exogenous geological
processes and phenomena (landslides, rock falls, karst, subsidence of soil
abrasion, destruction of the coast reservoirs etc.), which are distributed by
more than 50% territory, including karst - 37.6%, displacement - 0.3%. On
17% of area there is development of flooding process.

The main cause of variety of soil degradation in Ukraine is unbalanced and
poor agriculture.

Soil Fertility

In recent years yields in Ukraine exceed 60 min. tonnes per year, repre-
senting about 1.5 tons/person. However, according to various estimates, it is
not the limit, which could reach 2.0 t/person and higher. The main problems
that hinder the obtaining higher yields on soils of Ukraine - a shortage of
productive moisture (especially easy productive moisture in the range of the
lowest moisture, humidity rupture capillary links, bonds, increasing from the
north-western provinces to the east and south and during the growing season
crops, moderate (but insufficient to available phosphorus) and negative stock
balance of nutrients and degradation processes mainly physical meaning.

S.A. Baliuk and others (2) on the basis of M.l. Polupans materials and his
coauthors describe soil fertility (Table. 2). Calculations showed that due to the
natural fertility in Ukraine we could annually collect 41.7 million tons of grains
and legumes, and by the application of fertilizers in optimal standards - more
than 60 million tons. With the improvement of the structure of sown areas and
specialization of agriculture, increasing crop corn especially on irrigated land,
the expansion of the area under legumes as best predecessors under winter
wheat, as well as the achievement of breeding in general increase of farming it
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is possible to collect 70-75 million tons of grain (or more) per year. Based on
gross grain, we can confidently assert that it will ensure sustainable deve-
lopment of Ukraine, of course, subject to the implementation of sustainable ag-
riculture, new agricultural technologies and the suspension of soil degradation.

Table 2. Yields of crops due to natural and effective soil fertility

2 Average yield (above the line) and a range of yields (below the line) of main crop, ¢/ha
one,

subzone winter wheat barley peas maize maize MBA sugar beet sunflower
1* =% 1 2 1 2 1 2 1 2 1 2 1 2
creppe | 2 45 2z s | a z 4 53 | 300 | 410 | 288 | 4%
PP l30-387% | 3960 | 21-32 | 3042 | 1525 | 20-32 | 28-47 | 4263 | 340-460 | 340-460 | 200-370 | 280-540
ggeresté 35 43 25 38 22 26 42 48 270 350 270 380 22 24
e 3138 | 3345 | 2327 | 3642 | 1826 | 2230 | 3544 | 4056 | 250310 | 320430 | 210-370 | 330-400 | 19-24 | 2027
Steppe 32 39 23 36 21 21 41 45 235 275 258 320 22 25
Northem | 2639 | 3145 | 2024 | 30-39 | 2022 | 2022 | 3545 | 4050 | 180260 | 230300 | 230-290 | 300-350 | 19-25 | 22-26
Steppe 22 27 16 23 15 15 21 27 140 160 _ _ 9 12
Southw Ard | 1825 | 2132 | 13-18 | 19-26 | 13-17 | 13-17 | 11-26 | 16-13 | 90-160 | 110-190 811 | 11-14
Average for | g 38 21 33 19 24 36 43 225 300 275 400 17 20
Ukraine

* Due to the natural fertility; ** Due to the effective fertility; *** Fluctuation depending on the genetic nature of soil
and its particle size distribution.

Priority actions on the soil protection

In Ukraine, currently the following issues are under active consideration:

e Carrying out the second complex soil survey because previous materials
of the survey, conducted over 50 years ago, are outdated;

e Monitoring of soil cover on the basis of European experience, agro-
chemical certification of national system, which operates in the country
since the 60s of the last century, and with the involvement of remote
sensing possibility that the country sufficiently investigated;

e Legislative support for soil protection;

e Improving information services through the formation of soil data base
with advanced evaluation, mapping and prognostic capabilities;

¢ Significant change of management in use and protection of soils by
creating Service for Soil Protection and Monitoring.

Consequently, we formulate the most challenging issues, without which it is
impossible to overcome the negative trends in arable soils: reduce tillage;
standardization of mechanical load; minimization technologies of cultivation;
new soil protective technologies; designing soil cultivation tools; maintaining a
balance of organic matter; improving the structure of crop rotation; mulching
the soil surface by plant residues.

The main measure to remedy the situation, it should become the res-
toration of the state program of rational use and protection of soil and granting
it the status of national. The aim is to create conditions for sustainable deve-
lopment of soil and suspension of negative processes occurring in the soils of
the country. The program will include a completely new type of sustainable
(saving) land use, which will provide a harmonious ratio between natural and
anthropogenic load capacity of the soil to restoration and full productive and
environmental performance.

12 Opole 2016



The emphasis in the program should be on suspension of soil-degradation
processes, including dehumification, erosion phenomena, destructuration, over-
compaction, depletion of soil nutrients. In addition, it is necessary to avert en-
vironmental risks posed by acidification, salinity, alkalinity, loss of biodiversity,
pollution. We should also improve the environment, working and living con-
ditions of the rural population, and generally agrosphere appeal, especially for
young people.

Conclusions

Ukrainian soil cover is extremely heterogeneous, though dominated by a
variety of chernozems. Among the modern degradation processes the most
widely are dehumification, erosion, overcompaction and therefore unbalanced
and poor agriculture. The main problems that hinder obtaining high yields - lack
of productive moisture among the Forest-Steppe and Steppe, moderate (or
insufficient in the case of available phosphorus) stock, ample balance of
nutrients.

For the conservation and sustainable use of soil cover in the Ukraine it
should be implemented appropriate strategies - programs, laws, monitoring,
soil advanced technologies and strict control of their implementation.
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ENVIRONMENTAL PROBLEMS OF WATER RESOURCES
AND WAYS OF THEIR RATIONAL USE

Environmental aspects of the state of water resources, ways of their rational and fun-
ctional use in the context of solving problems of freshwater safety of Ukraine are exa-
mined in the article.

Key words: water resources, environmental problems, quality of water, freshwater
safety.

Introduction

Water resources are invaluable wealth of every territorial community,
region and country on the whole. They are characterized by specific features
which distinguish them from other natural resources - soil, minerals, forests,
meadows and grassland. All types of supplies of water are characterized by
high dynamics and interconnection that are explained by objective processes of
water circulation in natural environmental systems. Due to these properties
there is possibility of multiple and multifunction use of certain volumes of water
resources, that must obligate the world community to use them rationally.

However, considerable part of users (industry, rural and communal econo-
mies) take away water from rivers, lakes, storage pools and aquiferous horizons
without replenishment. Others do not use water directly but its energy, water
surface or reservoirs on the whole (hydroenergetics, water-carriage, fish-far-
ming, poultry farming, hunting). All this causes contamination and harms of
water resources.

So, it is necessary to develop the energy consumption saving system. It is
first of all reasonable to decrease the upcast of sewage and water pollution,
increase the volumes of the repeated use of waste water for industrial
necessities.

State of research

The analytical prognoses of the United Nations, NATO, a number of inte-
lligence services in the world prove that oil, gas, earth, water will become
principal reasons for collisions in the nearest decades [8].

Undoubtedly, water became the first victim of development of technical
progress. There is drinking water deficit for 1,4 milliard of people worldwide,
and about 5 million people annually die because of consumption of polluted
water. If people continue using water from natural sources without thinking of
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its replenishment and purification, the situation will get worse sharply, that will
have increasingly tragic consequences [2].

Impartiality of this conclusion can be convincingly illustrated on the exam-
ple of Ukraine, as after the conclusions of economic commission of UNESCO our
country is attributed to the countries with the limited supplies of drinking-water
per person. The problem with qualitative drinking-water is actual not only for
cities but also for small settlements. Considerable part of Ukrainian villages is
constantly supplied with poor quality drinking-water, and its amount grows as a
result of local catastrophes, violation of vegetation cover, mining and land-
reclamation.

In this aspect the year of 2015 turned out to be particularly sensitive for
the western region of Ukraine. Hot summer, deficit of atmospheric precipi-
tations entailed shallowing of rivers, drying out of melioration canals, absence
of water in wells in inhabited settlements. It raised concerns among territorial
communities and became the subject of discussion of administrative bodies,
scientists and wide strata of the population. In many villages people use im-
ported water that is often of low quality.

The problem of quality of drinking-water remains unsolved. Annually appro-
ximately 3,5 milliard of m*® of sewage waters polluted with harmful chemicals
and pathogenic organisms are dumped into Ukrainian water bodies, which is
extremely harmful for human health [10].

Results

In Ukraine, there is false opinion that there is a lot of drinking water in the
country. However, the current situation in the country with water today is ex-
tremely complicated. In terms of fresh water supplies, our country is considered
to be one of the least provided in Europe (fig.1).

Drinking water supply per
person, m>

GREAT BRITAIN ‘ ( FRANCE

5,0 J | 3,5

( GERMANY, SWEDEN ‘ | UKRAINE
2,5 J | 1,0

Figure 1. Ukraine in comparison with EU countries in terms of supply of drinking
water for population ( on the basis of the source 11)

However, some scientists [13] show that supplies of water on territory of
the Carpathian macroregion, which includes Zakarpattya, Ivano-Frankivsk, Lviv
and Chernivtsi regions is diminished annually. The lack of water, absence of
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rational and economical principles of water use require development of radical
concrete measure, which are currently absent in this macroregion.

Shallowing of the rivers, lakes and ponds, drying out of small streams and
disappearance of water in wells of rural locality is even greater problem of the
present time. Moreover, the abnormal heat in the last two years considerably
deepened these processes. A drought in the Carpathian region can causes
considerable changes in natural ecosystems, fauna and flora, on the whole, and
on the other hand the action of anthropogenic factor is obvious here.

Afforestation of territory, which in Ukraine makes only 17,2%, also plays an
important role. Unlawful deforestation, in particular of erosion—sensitive territo-
ries, besides other things has negatively effects on the ability of the soil-co-
vering to detain and absorb water of atmospheric precipitations. Recently in the
Ukrainian Carpathians, as a result of pouring rains there have been frequent
mudflows, which caused destruction of river beds, flooding of agricultural lands
and settlements.

Finally, systematic deforestation affects the climate, environmental and
socio-economic characteristics of entire ecosystems, which significantly affects
the health and quality of human life. In addition, intensive deforestation on a
global scale, increases the so-called phenomenon of the greenhouse effect and
leads to climate change in general [1]

Serious damage to the balance of water resources of the country was
caused by agricultural melioration, which was massively implemented in the 60-
70s of the last century in the republics of the former Soviet Union, which
drastically changed local Polissia landscape, winding rivers turned into main
channels impoverished fauna and flora characteristic of this area. At the end of
the second millennium, in Ukraine there were already 5283 thousand hectares
of land with drainage systems representing 12.7% of all agricultural land. [7].
In this situation, due to violation of water balance, in many areas of Polissia
disappeared small rivers nourished with groundwater, while rivers fed by un-
derground water increased their water content. In wells of communities water
disappears, rivers become shallow, streams, lakes and ponds dry out. Instead,
the drained land is now degraded, there is a tendency to desertification.

Nowadays more and more advanced countries implement new technologies
in mining but it does not help the nature to preserve natural resources, inclu-
ding drinking water and its quality. Water bearing horizons are often violated
and empty space after mining is filled with water, and as a result the surface
tension of the earth is changed leading to landslides and gradual changes in the
landscape of the area. In addition, in such areas soils are contaminated, man-
made landscapes are formed, ground, underground and surface waters are po-
lluted.

Water balance also varies due to peat extraction on meadows and wet pas-
tures, which have long been used by our ancestors to heat their homes, and
with the advent of Soviet power, peat was increasingly used as organic fertilizer
causing considerable damage to the environment. After extraction of peat
artificial ponds were formed on such lands. [9]

In this context, we need to adopt already gained experience of Western Eu-
rope, including the Netherlands, where mud drainage was deemed unprofitable,
and many of them are returning to the previous state. Restoring wetlands can
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be an important page in the life of Ukraine - such activities can be financially
supported at the international level as the activities of global opposition to the
greenhouse effect and global climate change. However, this and other environ-
mental issues should be regulated at the legislative level.

In recent decades, individuals started to create various by size artificial
reservoirs that can be seen along roadsides, in the plains and mountain areas
within homestead farms and so on. It is difficult for an average person to un-
derstand how they are filled with water. The question is whether relevant au-
thorities control these processes? It is often necessary to fill these water bodies
with water by changing river flow or ditch directions, or fill them with subsoil or
Artezian waters. Environmental scientists are really concerned about it.

Quite large amounts of fresh water are lost when an area is used for
construction, and also because of leaks from water supply and sewage systems,
which in many populated areas of the country have reached their limit of ex-
ploitation and require replacement.

Of course, the main reason for decline in level of groundwater is exploita-
tion of aquifers that for many settlements are the main source of water supply.
Various other closely related factors such as pollution of soil, air, discharges into
water bodies of domestic and industrial waste, landscape structure change and
anthropogenic overload on a territory have impact on the ecological state of
surface and groundwater. Below in Fig. 2 are presented the main types of
pollution of the aquatic environment.

BIOLOGICAL
CHEMICAL ORGANIC
TYPE OF
A POLLUTION O HEAT
TOXIC WATER
ENVIRONMENT]
MECHANIC PHYSICAL

MINERAL

Figure 2. Types of contamination of water environment.

Their detailed characteristics were presented in previous publications [2,3, 4,6].
Contamination of water sources leads to a reduction of biodiversity, loss of
productivity of the field and natural phytocoenoses, when cattle drink contami-
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nated water, the productivity of livestock decreases by 40-70%, fishery is ad-
versely affected - fish quality deteriorates, flora and fauna of water bodies are
ruined. [12].

The population that uses water from wells and other public sources should
be warned that the water in them can be more contaminated than water from
centralized water supply, due to penetration into aquifers of toxic substances
from landfills, storage of pesticides, livestock farms and chemical plants, and
because of contamination with household and industrial waste etc.

In view of the above, state and local authorities must fundamentally change
approaches and methods of water management at all levels of management. In
this case, the authorities need to apply comprehensive approach to solving this
problem by introducing appropriate legal and regulatory principles of market-
oriented socio-economic relations in society.

First of all, it is important to limit deforestation, stop cultivation on re-
claimed lands, ensure rational use of natural resources, and streamline the use
of already functioning artificial reservoirs.

At the same time, to ensure sustainable use and protection of water at
state level it is necessary to make the following steps: to develop integrated
monitoring programs of protection and use of sources of water supply and
drinking water quality in the regions of Ukraine, to introduce dry and water-
saving technologies, new modern means of treatment and disinfection of water
for technologies used in water supply and strengthening of administrative
support for the efforts of entrepreneurs to create domestic water purification
equipment following the example of the leading-developed countries.

At the local level, priority should be given to introducing measures to im-
prove the existing and design new modern cleaning systems within each local
community, make inventory of "decentralized sources of drinking water supply"
and ensure their protection. It is important for each village, town or city self-
government body to develop a program "Clean water means a healthy nation",
"Water of native land is holy water, native land is the gold"”, "Water, a gift from
God," "A well is the face of a host" etc.

Moreover, at the state level it is important to begin certification of sources
of water supply. Each local community should have such passports. According
to scientists of the National Academy of Sciences of Ukraine [5], this passport
should include both general information about the water body and its quantita-
tive and qualitative characteristics. The final part of the passport must include
info about the person who performed environmental examination, the date of
validity of the passport. Particular attention should be paid to the level of con-
tamination of water and sediments, pollution sources (origin, level of risk,
sustainability), objectives of future use.

Recognizing the priority of sustainable use of water, it is vital to initiate
market mechanisms of its use, justify in economic terms and implement effec-
tive incentive mechanism for different categories of users of water resources.
The environmental cost of water consumption and pollution should be under-
standable to all segments of the population, entrepreneurs and agricultural en-
terprises. In this context, it is necessary to conduct active awareness-raising
campaign involving media, educational institutions and environmental non-go-
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vernmental organizations because the attitude towards natural resources deter-
mines the level of culture and development of a nation.
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WAYS OF REDUCING CARBON EMISSIONS
IN AGRICULTURE OF UKRAINE

Introduction

One of the most important global environmental problems today is the car-
bon emissions that are an integral part of many vitally important industrial
processes. According to researches of scientists of Bristol University in the UK,
in 2016 emissions of carbon dioxide (CO,) into the atmosphere were a record
for 66 million years. The rate of warming of the Earth has exceeded the
historical record registered by the researchers on the example of remains of
dinosaurs that lived 56 million years ago. The researchers claim that the rapid
heating of the atmosphere due to CO, pawprinting could lead to the extinction
of many species of animals and plants. They believe that if the intensity of CO,
emissions does not reduce, by 2100 the Earth will have heated up by 3-4
degrees more. Therefore, the questions of reducing carbon emissions in the
world, including Ukraine, are extremely important.

Study of a problem

Climatic changes and the role and place of Ukraine in the fight against them
are shown in the works of many domestic and foreign scientists. In particular,
at present the important role is played by studies of such scholars as
Bondarenko D. [1], Voronchuk M., Piriashvili B. [2], Vrolyk K., Breck D. [3],
Grubb M. [4], Danylyshyn B. [5], Diukanov V. [7], Dunaev V. [6], Yeremeev V.,
Yefimov V. [8], Kosevtsov V., Stepanenko S. [9], Hvesyk M. [10] and others.

Methods

Theoretical and methodological basis of research are the dialectical method
of knowledge and the systematic approach in the study of scientific works of
domestic and foreign scholars on reducing carbon emissions, particularly in
agriculture, as well as legal and other legislative acts of the studied issues. In
addition, the article contains data of practical research on the effectiveness of a
growth regulator to reduce carbon emissions.
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Results

Almost 45% of CO, emissions in the world belong to industrial activities,
mainly related to large industries aimed at processing of raw materials, such as
chemical, petrochemical, steel, cement, pulp and paper and aluminum industry.
In Ukraine, according to the State Statistics Service, the main industry engaged
in emissions of carbon dioxide is the processing industry (39.3%), including
27.7% for metallurgy and enterprises engaged in supply of electricity, gas,
steam and conditioned air — 54.7%. Moreover, there is a tendency for increa-
sing the amount of carbon emissions, except 2014-2015, when the data from
the temporarily occupied territories is not taken into account. Thus, in 2005,
CO, emissions in Ukraine amounted to 152.0 million tons, in 2010 — 198.2 mil-
lion tons, in 2013 — 230.7 million tons that is an extremely negative indicator.
As for the location, the largest region-pollutants are certainly industrial centers
of Ukraine as Donetsk, Dnipropetrovsk, Luhansk, Zaporizhia and Kharkiv re-
gions. In 2013 Ukraine was the 21% among the largest emitters of CO, emis-
sions during combustion of energy resources; in 1990 it was the 6™. At the
same time, in 2013, Ukraine took the 5 position by GDP carbon content (only
Zimbabwe, Curacao, Turkmenistan and Mongolia had worse indicators). By CO2
emissions per capita in 2013 Ukraine was the 50" in the world, while in 1990 it
was the 14™. In 2013 CO, emissions were about 43% comparing with 1990.
International obligations of Ukraine predict that CO, emissions in 2020 will not
exceed 76% of the level of 1990 and by 2030 — 60% comparing with 1990.

The main sources of emissions in the economy of Ukraine are:

e Energy sector: energy industries, processing industries, transport and

fugitive emissions;

e Sector of industrial processes: production of metals, chemicals, mining;

e Agricultural sector: agricultural soils, intestinal fermentation, use of ani-

mal waste.

More than 10% of greenhouse gas emissions account for agriculture that is
produced by human activities. Reckless expansion of agricultural lands, asso-
ciated with the loss of biodiversity, is the key factor in the growth of green-
house gas emissions caused by farming and generated by changes in land use.
The process of production of mineral fertilizers is also accompanied by the
emission of greenhouse gases. However, their use reduces the need for expan-
ding agricultural lands. Another environmental problem arising from agriculture
is inefficient use of fertilizers: lack of water flows, causing nutrient overloading,
can seriously affect marine ecosystems, as well as reducing the quality of
groundwater. According to estimates of global greenhouse gas emissions, car-
bon emissions are increasing every year. In addition, it accounts for 10-12% of
total global anthropogenic greenhouse gas emissions for agriculture, and about
47% and 58% of total anthropogenic emissions of CH, and N,O, respectively.

Agriculture is one of the main branches of material production in terms of
production and employment of labor forces. In Ukraine, the agricultural sector
plays an important role in the economy. The share of agriculture (including
hunting and forestry) in total gross value added of all economic sectors in 2014
amounted to 10.7% (in 2010 it was 8.7%). Therefore, solving the problem of
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reducing the greenhouse gas emissions from agricultural activities is essential
[11].

This situation requires finding ways to reduce carbon emissions. The main
problem of the economy is its low energy efficiency due to the presence of
energy-intensive industrial and agricultural production and energy-consuming
housing and municipal sector.

For solving urgent environmental issues new approaches are necessary not
only at the technological but also economic and legal levels.

The adoption of UN Framework Convention in 1992 by the Conference in
Rio de Janeiro was the first step of mankind on the way to overcome global
climate changes. The aim of the Convention was determined to reduce CO,
concentration in the atmosphere of the planet till 2000 to the level of 1990. It
was expected that such a move could prevent further negative climate changes,
ensure food security in the world and promote the sustainable economic
development of mankind (Art. 2 of the Convention). Obviously, the declared
goal could not be achieved. Therefore, it is clear that economic growth rates
and rapid increase in population require radical changes in the practice of
energy use, wider use of environmentally friendly energy sources and structural
transformations in many sectors of the economy [12].

In general, in agriculture there are three main ways to adapt to more
stringent rules regarding climate change and reducing CO, emissions:

1) Improving the going concerns, that is, closing the least efficient ones,
upgrading and improving their technical condition, as well as application
of modern innovative technologies;

2) Application of technologies of carbon capture and storage;

3) Using of energy alternatives.

Let us consider in more detail ways to reduce CO, emissions by the exam-

ple of Ukraine.

Improving the going concerns, upgrading and improving their
technical condition and application of modern innovative technolo-
gies. Agriculture plays a significant role in global climate change. The intensi-
fication of agriculture and introduction of innovative technologies contribute to
greenhouse gas emissions. Therefore, this problem for Ukraine is one of the
most urgent and needs to be solved.

Based on the studies ETI Biotekhnika NAAS provides the basic principles of
reducing greenhouse gas emissions from agricultural sources through the im-
provement and remodeling of enterprises and application of new technologies:

1. Regarding land degradation it is access control, as well as elimination of
restrictions on the displacing of collective pastures. Using methods of soil
conservation, along with controlled disposal of livestock from environ-
mentally fragile lands; payment schemes of environmental services
within the land use based on livestock production which will reduce and
reverse the process of land degradation.

2. Regarding the atmosphere and climate it is increasing the efficiency of
livestock and crop production based on fodder production for livestock.
Improving the animal ration will reduce internal gastric fermentation and
further emissions of methane, as well as development of initiatives in the
field of biogas, directed for manure processing.
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3. Concerning water resources, it is improving the efficiency of irrigation
systems. Introduction of the system of full payment of consumed water
and taxation directed against the concentration of large livestock enter-
prises near cities [13].

For reduction of greenhouse gas emissions in agriculture Ukraine must im-

plement the following measures:
1. Adjustment of sowing time and selecting crop varieties;
2. Displacement of areas of crop growing;
3. Improvement of land management;
4. More advanced management of arable lands and pastures for increased
storage of carbon in soils;

5. Distribution of cultivation of energy crops used to replace fossil fuels;

6. Restoration of cultivated peatlands and degraded soils;

7. Improving systems for collecting, storing manure to reduce emissions of
CHg4 and NOy;

8. Optimization of feeding farm animals;

9. Renovation of premises for farm animals;
10.Improving methods of application of nitrogen fertilizers to reduce N;O
emissions.

Application of technologies of carbon capture and storage

Department of Biology at Uman National University of Horticulture, funded
by ISTC “Agrobiotech” NAS and MES of Ukraine, carried out studies on the ef-
fectiveness of Regoplant growth regulator on cereal crops. This growth regula-
tor has powerful bioprotective properties, improves the quality of grown pro-
ducts, increases the yield by an average of 15% and awarded the “Organic”
certificate. The basis of these studies is the theory of CO, decrease from the
atmosphere under sunlight through its absorption by plant biomass and via
photosynthetic activity of plants. Approximately half of CO2, which is absorbed
by plants, is consumed by them for respiration and returns to the atmosphere.
The second part is involved to create biomass throughout the year. The avera-
ge ultimate composition of dry plant matter of cereal crops is characterized by
the following data in %: carbon — 45; oxygen — 42; hydrogen — 6.5; nitrogen —
1.5 and ash — 5. It should be noted that cereal crops occupy about 60% of the
total cultivated area of Ukraine that is about 16 million hectares. In the
experiments the yield and area of cereal crops over the last 5 years, straw
yield, nutrient residues and roots of cereal crops in the ratio of 1: 1 to principal
products were evaluated. The calculation of carbon content in the mass of by-
products followed by CO, review calculation was carried out by means of 3.7
coefficient. It corresponds to the ratio of carbon content in carbon dioxide
12/44.

Research results show that the application of Regoplant growth regulator
increases the yield of cereal crops on average by 19.9% or 3.53 tons per
hectare. It proves that the CO, accumulation by plants increases by almost
20%. Least of all the increase in productivity is shown by spring barley (9.9%)
and most of all it is shown by winter wheat (30.6%). As for all other cereal
crops, the figure is on average from 10 to 13.5% (Table 1).
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Table. 1. Volume of CO, accumulation by cereal crops with and without application
of Regoplant bioregulator, t/ ha

Crop The average CO, recycling by crops, t/ ha The difference %
yield in 2010- With Without of absorption,
2014, ¢/ ha bioregulator bioregulator t/ ha
Winter wheat 31.7 23.63 18.09 5.54 30.6
Spring wheat 25.7 14.92 13.55 1.37 10.1
Winter rye 21.0 14.86 13.21 1.65 12.5
Winter barley 25.8 13.93 12.63 1.30 10.3
Spring barley 23.5 13.48 12.26 1.22 9.9
Oat 18.6 12.35 10.86 1.49 13.7
Millet 14.3 10.45 9.38 1.07 11.4
Corn 51.5 30.84 27.31 3.53 12.9
Rice 55.9 20.50 18.11 2.39 13.2
Buckwheat 8.4 7.47 6.75 0.72 10.7
On average - 21.27 17.74 3.53 19.9

In terms of the equivalent amount of the area of harvested cereal crops in
Ukraine in 2010-2014 the difference of CO, uptakes from the atmosphere by
these crops is 51.91 million tons (Table 2).

Table. 2. Volume of CO, accumulation by cereal crops with and without application
of Regoplant bioregulator on the whole area in Ukraine, million tons

Crop The average area for CO, accumulation by crops, The difference
yielding in 2010-2014, min t of absorption,
min ha min t
With Without
bioregulator bioregulator
Winter wheat 6.19 146.26 112.0 34.29
Spring wheat 0.29 4.27 3.9 0.39
Winter rye 0.35 5.27 4.7 0.58
Winter barley 1.09 15.19 13.8 1.42
Spring barley 3.00 40.45 36.8 3.66
Oat 0.35 4.33 3.8 0.52
Millet 0.13 1.33 1.2 0.14
Corn 3.02 93.09 82.4 10.66
Rice 0.03 0.53 0.5 0.06
Buckwheat 0.26 1.93 1.7 0.19
On average 14.70 312.65 260.74 51.91

Along with it, the application of Regoplant growth regulator increases the
yield of grain, as well as additional plant mass. The calculations show that this
growth bioregulator will enable to accumulate CO, by straw and nutrient root
remains on average by 2.15 tons per hectare more in the soil. It is 31.58 million
tons of this gas in the whole area of harvested cereal crops. This indicates that
the CO, accumulation without applying growth regulator of secondary and
underground plant mass is 13.07 t/ ha and after using the regulator it is 15.22
t/ ha. In terms of the equivalent amount of the area of harvested cereal crops it
is 223.75 and 192.17 million tons of CO,, respectively.

It should be noted that the organic matter through humification and mine-
ralization is transformed into humus and organic carbon is transformed into st-
able compounds — humus.
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Our studies indicate that the application of Regoplant growth regulator will
allow Ukraine to reduce emissions of greenhouse gases amounting to 83.49
million tons under the Kyoto Protocol.

Development of energy alternatives

However, difficult economic conditions in Ukraine, actual military operations
on its territory do not allow using financial resources to implement air protec-
tion measures. Thus, for 2014 activities in the amount of 3.6974 billion UAH
have been financed, namely the improvement of technological processes (6.5%
of the total), new gas-cleaning installations and facilities — 52.5% and 13% on
improving the efficiency of existing process units. Therefore, in Ukraine the
issue of alternative energy is urgent.

Alternative energy is a choice that has a global perspective to the future
development of the civilization. For Ukraine, concerning renewable energy,
biomass plays a significant role. In the structure of world energy consumption
(2012) renewable energy sources make up more than 18%, of which 14% is
biomass. In the EU, the situation is almost similar — the share of renewable
sources in gross final energy consumption is 15% (2013), including biomass
(about 9%) or 62% of all types of alternative sources. In some EU countries,
the biomass share of all renewable energy sources ranges from 30-40%
(Luxembourg, Cyprus and Ireland) to 80-95% (Estonia, Latvia, Lithuania,
Hungary, Poland and Finland).

As for Ukraine, according to the energy balance of Ukraine for 2013, the
share of renewable energy sources in gross final energy consumption is 3.62%,
including biomass (2.28%), representing 63% of all renewable energy sources
or 1.61 min tons. However, compared to 2012 there is noticeable growth of
biomass contribution to the total primary energy supply (by 23%), from 1.52 to
1.88 million t/ year.

According to the research of USAID Project “Municipal energy reform in
Ukraine”, Ukraine possesses a substantial potential biomass available for energy
production — more than 30 million tons/ year, estimated to 2014 (Table 3).

Table.3. The energy potential of biomass in Ukraine in 2014

Type of biomass Theoretical The proportion Economic
potential, available for energy, potential,
million tons % min
Straw of cereal crops 33.5 30 4.98
Straw of rapeseed 4.0 40 0.78
Production waste of corn for grain 37.0 40 4.04
Production waste of sunflower 19.1 40 1.57
Secondary waste (husk, bagasse) 8.8 80 1.20
Wood biomass (wood, wood waste) 6.0 97 2.07
Wood biomass (dead wood) 10.6 57 2.46
Biodiesel (rapeseed) - - 0.35
Bioethanol (corn, sugar beet) - - 0.97
Biogas from waste and by-products 1.6 billion m® CH, 50 0.97
of AIC
Biogas from landfills 0.6 billion m*® CH, 34 0.26
Biogas from wastewater 1.0 billion m® CH, 23 0.27
Energy crops:
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- Willow, poplar 11.5 920 6.28
- Corn 3.3 billion m*® CH, 90 3.68
Peat - 0.40
Total - 30.28

The main components of the potential are the primary agricultural wastes
(straw, waste production of corn and sunflower) and energy crops, whose
cultivation is actively developing on an industrial scale in the country in recent
years. In general, the economic potential of agricultural waste is 11.6 million
tons/ year and the potential of energy crops is 7 million tons/ year. Currently,
Ukraine uses only about 10% of the general biomass potential (3 million tons/
year) on energy demand. This is mainly wood biomass in the form of firewood,
wood chips, pellets/ briquettes (a total of 87.2% of the annual biomass) and
sunflower husks (6.6%). Vegetable waste is the least used (52 thousand tons
of straw per year) which is less than 1% of the economic potential of straw in
Ukraine.

The National Action Plan on Renewable Energy till 2020 has found the
overall purpose of the development of this sector in Ukraine by 2020. It means
that the contribution of renewable energy sources in gross final energy consum-
ption should reach 11% in 2020 in accordance with Ukraine's commitments as a
member of the Energy Community, and biomass is an important component of
renewable sources.

Conclusions

Thus, summarizing the above, there are the following conclusions:

1. Today, the problem of carbon emissions has become global and requires
immediate solution.

2. In Ukraine there is a tendency of increasing the amount of emissions
which amounted to 230.7 million tons in 2013. It is an extremely nega-
tive indicator.

3. More than 10% of greenhouse gas emissions account for agriculture that
is produced by human activities.

4. There are three main ways to adapt to more stringent rules regarding
climate change and reducing CO, emissions: improving the going con-
cerns, that is, closing the least efficient ones, upgrading and improving
their technical condition, as well as application of modern innovative
technologies; application of technologies of carbon capture and storage
and using of energy alternatives.
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ECOLOGICAL CULTURE AS THE BASE OF THE SOCIETY
HARMONIZATION IN THE SCIENTIFIC PROGRESS ERA

The problem formulation

Unfortunately, a human by improving his own living conditions, creates ne-
gative consequences for his living, creates new human-made problems through
intensive use of natural resources, produce harmful and even dangerous waste
for the environment and society.

Ensuring coherence in interaction human society with such life "improve-
ments"” requires appropriate ecological knowledge, new philosophy, which should
be based on a thorough understanding and implementation of sustainable hu-
man elaborations towards harmonizing relations with nature.

Scientific and technological progress entered our everyday life by improving
living conditions (european renovation), increasing the range of clothes and
shoes that are not comply with sanitary and hygienic requirements. Large ar-
senal of household chemicals allegedly intended to improve the working con-
ditions of housewives but its impact on human health is significant and ne-
gative.

Food additives, colorings, flavor improvers used in the production of various
kinds of sausages and other products, not mention various drinks, perfumes,
detergents etc.

Alcoholic drinks and cigarettes became "authoritative” attributes in commu-
nication not only among young people.

The ability to efficiently use the results of scientific and technological prog-
ress, both at home and directly in the public places requires respective human
culture - the ability to use certain items, materials, devices, products within
reason, and from some to give up altogether.

Ecological culture is a part of Cultural Science, which in turn is the basis of
society spiritual culture.

Recent researches and publications analysis

Ecology as a new philosophy in the relationship between human and nature
combines several scientific fields of different relation to nature. This situation is
extremely dangerous because primarily concerned with intensive exploiting of
natural mineral resources, leading to serious economic losses and social prob-
lems [1]. Unfortunately, among total number of ecologists of highest qualifi-
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cation is still no unity in solving specific problems. This is understandable, be-
cause the changes taking place in society in relation to nature took destructive
features and continue the same. Ecologists’ task reduces to predict these fea-
tures and to prevent their emergence [2].

Biosphere synergistic systems are complex and characterized by a fun-
damental openness and processes irreversibility [8]. In this connection, human
interaction with them takes place so that the human action is not something
external but includes in the system, each time altering the field of their possible
states.

After all, if a person is included in the biosphere as a whole system that
self-developing, its activities can respond resonance not only immediate, but
also in remote parts of the system and in certain situations call biosphere catas-
trophic restructuring. Human violent alteration of synergistic processing system,
in which he is included, can cause undesirable consequences for the individual
In this case limitations of human activity are inevitable, and they have to be
aimed on the selection of only those scripts of world changing, which provided
a survival strategies [7].

Engineering human activity is increasingly dealing with not just a technical
device or machine that enhance human capabilities, and even not with the
system "human - machine", but with the system complex, in which components
of a whole are agreed. The technological process associated with the human-
machine systems operation, local natural ecosystem (biogeocenosis), in which
this process should be implemented and socio-cultural environment that adopts
the new technology. The whole complex in its dynamics is presented as a spe-
cial item that is open in relation to environment and that has the characteristics
of self-regulation. It is implemented in an environment which, in turn, acts not
as a neutral field of the new technological systems functioning, but as a kind of
holistic living organism [2].

Environmental activity is one of the main components of any sphere of hu-
man activity: agriculture, manufacturing, transport, military and others. All the-
se activities are reduced to natural or human resources usage and in this way
the interference into the biosphere processes take place. In this regard, the
object of ecology as the science about the environment, especially now includes
research of new relationships between living and non-living components of eco-
systems that occur under the influence of natural and anthropogenic factors
and significantly affect the functioning of ecosystems and biosphere [3, 6].

At present there are about 100 lines of environmental studies which ap-
propriate to combine by the principles of sectoral focus, given the backward
and forward linkages.

It is known that among sections of modern ecology find their place basic
principles of general ecology.

After a clear separation of Applied Ecology from the Total one we can focus
on solving specific problems.

It should be noted that Bioecology is the theoretical basis of the Total
Ecology with all its modern problems. There are three main blocks of Applied
Ecology [5]:

e Geoecology, which involves the study of relations between organisms and
the environment of different geographical areas;
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e Technical Ecology, which highlights the relationship of human with such
objects as energy, industry, agriculture, transport, space, military activities
etc. To this unit falls great responsibility for the regulation of environment-
tal management and hardware of environment protection. This study sol-
ves the problem of waste management and damaged ecosystems reco-
very;

e Social Ecology defines the role of human in the environment mostly not as
a biological species, but as a social being, it determines ways of optimi-
zation of the relationship between human and nature, and that is very
important, creates environmental awareness and culture, determines the
laws of ecological wildlife management, carry out social and environmental
monitoring, lays the foundations for further development of environmental
policy.

These blocks of environmental sciences are special, they inherent specific
approaches to environmental monitoring and have its own scale of researches
with their methods, but in common they define the type of pollution, establish
the maximum allowable amount of hazardous substances in individual objects
and also in air, water, soil, provide the degree of their threat to humanity and
how, if necessary, to overcome the identified hazards [4].

Especially important is the knowledge of natural processes and their ratio-
nal use in human life, as little as possible to create "uncomfortable™ nature.

In this connection, the aim of our research was to determine the relation-
ship of human with nature in an era of intensive development of scientific and
technological progress as the new philosophy.

Main material presenting

It is known to all that everyone must promptly learn to respect the nature
and with greater understanding attitude to the achievements of civilization that
have become necessary attributes of everyday life (food additives, household
chemicals, mobile phones, microwave ovens etc.) and be able to prevent bad
habits in otherwise breach in these relationships lead to the destruction of the
humanity

Human must be able to know and comprehend the peculiarities of passing
both natural processes and those that occur with the use of the benefits of
civilization, to answer the question - how life improvers’ impact on human’s
health, and on whole nature? Can nature take in its bosom such products and
to include them into the cycle of matter?

It is necessary to comprehend the world in which we live and it is not
today's problem. We must constantly improve the relationship between human,
society and nature.

It is required ethical attitude to nature and as A. Schwaizer noted very
desirable is "reverence for life".

In social philosophy that studies the causes and consequences of the deg-
radation of human habitat is expanding the scope of human freedom by
creating a humane attitude both to nature and to people.

The development of environmentally oriented economy implies the harmo-
nious development of the system "society-nature”, but it is necessary that eco-
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nomically created cost products were environmentally friendly and not dange-
rous to human.

It is necessary to have full information, objective environmental reality
about humanized nature, about human activity between social world and nature
and consider consequences of these relationships.

Human’s s environmentally substantiated relation to natural human exis-
tence place, with the creation of wealth associated with the process control
natural forces (water, wind, solar), energy production, materials and harmonio-
us attitude to the social conditions of existence, all of this is the basis of
environmental culture.

The further course of sustainable development will be based primarily on
the principles of ecological culture, which essentially will be different from
preceding technological development. It is difficult to specify in detail ways and
means of future changes in the direction of the establishment and development
of ecological culture.

As you know, imbalance is restoring by nature. Now its renewable oppor-
tunities are extremely limited, and therefore we must immediately come to aid
to nature. It should say its word science. During the evolution the science was
not always the same. During the accumulation of a specific material and its
synthesis the cognition of nature’s pattern development and the impact of
science intensified. Already in the XVII century the range of basic sciences,
which provide powerful upsurge of production technology began to develop
rapidly [8].

If we analyze how much effort of institutions not only in Ukraine but also in
the world focused on how to pull from nature its wealth, and how much - to
establish the limits of "permitted” impact on nature, it becomes quite obvious
that such a comparison is not to favor of the protection of the environment.
This is why more often we hear about social regulation of scientific activity
necessity.

Such outstanding scientist as V. Vernadsky protested against the mindless
science application. Unfortunately, many of his predictions were failed to
appreciate. First of all it concerns nuclear physics, especially the Chernobyl
disaster, 30 years anniversary of which we notes this year with great bitterness
at heart. The results of horrific «experiments» become dozens of regions with
millions of terminally ill people. The environmental consequences of science and
technology development are quite difficult because supposedly based on good
intentions, but the results often cause damage. Often technical innovations
worsen the ecological situation. What scientists’ responsibility for all these
environmental effects? It should be noted that the feature of scientists is
determined, in equal conditions, by understanding of responsibility and scientist
civic maturity, his ecological culture and research results.

It is obvious that people’s knowledge level reached the status of negative
environmental factor that can lead to the death of humanity.

As you know not every scientific study of environmental problems improves
the decision-making process within the environmental protection, helping to
remove the uncertainty of the consequences of scientific and technical projects
and choose the perfect in environmental meaning. Yet reached required accu-
racy of ecological forecasts is not very high. Scientists’ interests are too narrow

Monografia 31



and defined by the specifics of a particular science. There is no guarantee that
during the scientific research relevant processes and changes will be reached.
Moreover, often the factors that did not play a special role in the history of
ecosystems existing become critical in conditions when the environment chan-
ges significantly under human activity influence.

It is necessary to remember that conducted in limited areas or waters ob-
servations that are limited in time intervals, only with great caution can be used
to predict the development of the whole ecosystem.

Assessing the environmental effects of projects, their results should not be
taken as the only correct. The most dangerous is uncertainty, because such
policy can weaken the sustainability of management decisions and cause to
possible undesirable consequences.

Analyzing the features of the methodology of scientific environmental ex-
pertise of scientific and technical projects N. Reimers, clearly outlined the basic
laws and principles that is necessary to keep in mind during the environmental
assessment and decision-making. [9] The development of science is in close
contact with the social processes taking place in society. The idea that if science
develops only under the influence of its internal base, nothing but a myth that
is required only for those who want to hide their administrative influence on
science. It should be clearly understood that science and technology in the
country is a tool which largely depends on human values and needs. In this
combination the science is not only reflects world, but also creates it by using
the technique.

Focusing on nature conservation has become a major in science. In this re-
gard, science must be a way of environmental safety, it has to solve environ-
mental problems, and to be not only "industrial strength” but have more sig-
nificant value. It must perform its function of material welfare providing, but
not be limited only by this.

It is require to greening the technologies because modern industrial infras-
tructure of our country, by its nature, is not environmental but extravagance
and its finished product over time becomes a waste. As known to science there
are developments and implementing ideas how to achieve the least environ-
mentally risky and most cost-effective forms of eco interaction between human
and nature. But in this way there are more intractable questions, more inertia in
thinking and behavior, rather than deliberate, scientifically proven solutions.

It is known, that intensive utilization of natural resources on fundamentally
new basis and creation of artificial equivalents of natural things forms the ob-
jective conditions for the autotrophic production and, respectively, autotrophic
human existence. It is creating such conditions when industrial, agricultural and
recreational functioning of society would not be associated with subsequent
breach of natural interactions and relationships. These possible solutions deser-
ve attention as important theoretical and engineering study.

The economic consciousness, in our opinion, has today the dominant value,
because human often puts economic levers as a priority, ignoring the environ-
mental consequences. In this connection it is necessary to predict possible
adverse effects in solving specific problems.
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For example, reasonable from the economic point of view creation of large
livestock farms which help to reduce the cost of products has difficult and even
awful consequences for the environment.

Let show another fact with inverse problem solution. In the People's Repub-
lic of China in order to attract a larger number of employees to work in the co-
untryside, the land distributed to private ownership and processed typically
involving manual labor. Thus, there are no large areas of cultivated fields and it
reduces the level of settlement of plant pests and diseases. Another positive
aspect is the high percentage of employments in the manufacturing industry, so
there are no unemployed people. It is important because that can have
negative consequences for society, and it became known to one of the authors
after visiting this country.

The content of the human being is intelligent independence from the nature
through human reason and will. In this process, there is a "second nature", a
new branch of the human activity which created in labor and completely trans-
formed in social relations, humanized, socialized nature. Under such conditions,
a human becomes an important driving force of many processes that take place
around.

In this connection the interests of modern ecology transcend biological li-
mits and turned on extensive industry knowledge. The circle of sciences invol-
ved into environmental problems expanded enormously. Along with biology, it's
economics and geography, medical and sociological studies, atmospheric phy-
sics and mathematics. Thus, ecology claims to be the winner of the Sciences
and seeks to assimilate all problems of medical, food and socio-humanitarian
profile. Therefore ecology characterizes the interdisciplinary complex and beco-
me a holistic discipline. It is exact science in the sense that use concepts and
research methods of mathematical, chemical, physical and other sciences.
However, it is the humanities, because the structure and function of ecosys-
tems affect a person's behavior, his practical activity.

Human by improving its own environment becomes a regulator and orga-
nizer of the natural world.

Thus, scientific progress requires new approaches, a new philosophy in the
relations between human and nature. People as social units should review their
requests that deal living conditions improvement, because by creating such
conditions the relationship with nature violates, and this ultimately contributes
to new problems emergence.
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ENGINEERING ECOLOGY

Problems of interaction between society and nature are the basis of life and
human development. The development of modern civilization has demonstrated
extraordinary capabilities of the human mind. For the recent two centuries en-
gineering and technical activity of the mankind has caused a global environ-
mental crisis.

Nowadays the world community reveals a growing interest in environmental
protection, sustainable development of countries and regions, protecting the
interests of future generations. The man finally realized what dangerous conse-
quences the consumerism activity can cause, in particular the depletion of na-
tural resources, violation of ecological balance, reduction of biodiversity, degra-
dation of landscapes, deterioration of agricultural land fertility, decrease of
fresh water, etc.

Climate changes in the recent twenty years demonstrate vividly the results
of irresponsible attitude to natural resources of political, industrial and commer-
cial circles of society.

In order to find ways out of the global environmental crisis and subsequent
development of society, in 1992 heads of 170 governments gathered in Rio de
Janeiro (Brazil) at the United Nations World Conference. It was concluded there
that the development of society without awareness of environmental cons-
traints is catastrophic. There was adopted the Programme of Action for the XXI
century, which defined the principles and criteria of sustainable development.

The Strategy of Sustainable Development is a priority in all industries, of
the national economy and economics as a whole. Its principles and guidelines
are aimed at achieving harmony between the growth of economic performance,
stability in social issues and environment protection.

Protection of natural resources, support of their sustainability and transition
to resource-saving, energy-efficient technologies is a priority on the agenda.

The main criteria of sustainable development launched at the UN conferen-
ce on the problems of environment and development in 1992 (Rio de Janeiro),
were reanalyzed on the World Summit of Sustainable Development in
Johannesburg in 2002 (there was elaborated a plan for implementing sustai-
nable development) and fixed at the conference "Rio + 20" in 2012.

The main positions of the threefold concept of sustainable development are
based on:

e providing natural and environmental sustainability of the environment (ba-
sed on the theory of biotic regulation);
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e organization of economic development (based on radically modified mar-
ket system);

e provision of sustainable social development (based on the principles of
justice and solidarity);

e greening of public consciousness (based on using the education system
and mass media);

e ensuring close international collaboration and cooperation to achieve the
goals of sustainable development.

The conception of sustainable development should be based on a symbiosis
of engineering and environmental knowledge systems to be based on multidis-
ciplinary systems of knowledge in environmental engineering.

Engineering ecology refers to applied ecology defined as a discipline study-
ing the interaction of industrial and ecological systems, the impact of enter-
prises and industrial activity on the environment.

Engineering ecology is considered in interaction with natural resources and
reproduction of nature, environmental protection, economic environment, social
environment and human ecology.

Engineering ecology is a scientific field that studies human intervention in
the environment. Its mission is to apply the achievements of science, techno-
logy, use of laws and natural resources to solving environmental problems.

A theoretical problem of environmental engineering is technological optimi-
zation and correlation of relationships between technological process parame-
ters and nature changes.

Major applications of the engineering ecology are:
development of effective cleaning technologies;
developing of waste-free, low-waste and eco-friendly technologies;
development of waste disposal means;
integrated use of secondary raw materials (locking cycles), etc.

This is a symbiotic system of knowledge based on the objective laws of in-
teraction between industrial and ecological systems, ecological methods of re-
gulation of engineering activities and their legal support.

The main goal of engineering ecology is to prevent, eliminate or reduce to
an acceptable level the negative impact on objects of existing facilities and the
potential hazardous technological and manufacturing processes.

Methods of engineering ecology system are based on a combination of
engineering and environmental knowledge of laws and rules of operation of
technical systems in the environment, interaction of industrial and ecological
systems, economical use of natural resources.

They are aimed at preventing the formation of pollutants in production and
utilization of any products, creation of ecology clean technologies and provision
of environmentally safe operation of industrial and commercial facilities, engi-
neering buildings, communications, etc.

In the practice of engineering activities traditionally accepted are such con-
cepts as engineering researches, engineering design, technical specifications,
engineering solutions. Transition to the principles of sustainable development,
introduction of models of environmentally friendly and cleaner production requi-
re integration of environmental considerations into the engineering design and
technical specifications.
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Engineering decisions should be based on minimizing their environmental
impact. It is very important to use a systematic approach to the methodology of
modern engineering activity. It ensures consideration of environmental aspects
both at the stage of preparation (calculation, design and production) of en-
gineering solutions and at the stage of their implementation.

A man should not have consumed more than a third of the gross ecosystem
(or half of the net) products if he had not been ready to reproduce energy for
supporting the biotic self-regulation mechanisms.

With his stormy, consumer and manufacturing activities, a man has greatly
exceeded all limits of natural balance, violated the biological mechanism of eco-
system self-regulation.

Modern theoretical principles of environmental engineering are to be based
on the symbiotic theory of environmentally balanced sustainable development
which has not been completed yet. At the same time there has been recognized
that the symbiotic theory of sustainable development should be based on the
theory of biotic regulation of the environment, but not on the theory of man-
induced or economic regulation.

The theory of biotic regulation provides a balanced coexistence (co-evo-
lution) of society and nature, life support systems, production and ecosystems
within their economic capacity (economic capacity of the biosphere).

Technological intervention of a human being into the ecosystem should be
limited as much as it violates the mechanism of biotic compensation of ecosys-
tem excitations and can cause the misbalance of organic matter concentration
(desertification, loss of soil fertility, etc.) or increase the concentration inorganic
substances (salinization, reduction of fertility).

The recovery rate of misbalanced ecosystems is proportional to the size of
the deviations from this balance. The proportionality factors are the highest for
the unexcited biota. They describe related feedback that is environmental
stability.

With increasing excitation (human impact) and biota deviations from its na-
tural state, the relaxation coefficients first decrease, then change their sign
when the biota excitation reaches the threshold value. Then the ecosystem lo-
ses its balance and consistency, and instead of biotic regulation, there occurs
biotic violation.

In order to maintain the mechanism of biotic regulation in its natural state,
it is necessary to conform to the basic environmental laws and regulations in
interaction of ecosystems and production systems or management systems and
life support systems.

Production activity is a process of transformation of natural resources into
useful products that provides for human activity and has its customer value, as
well as side products (wastes) which violates or destroys ecosystems.

The production process is implemented within the production system that
includes the following components: technology, equipment, human resource,
buildings, area, etc.

The production system will be ecologically balanced if it is considered as a
part of an ecosystem (but not vice versa). It should be developed with taking
into account total interrelation of ecosystem laws and economic laws of produc-
tion development, considering the state environmental interests, ensuring the
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internal dynamic balance of technological, economic and ecological and econo-
mic factors. Such production system is to function in the legal field of world,
national and regional environmental standards.

Each production system (enterprise, industrial or economic complex) should
have their real models of interaction with ecosystems whose territory they are
located in. These models can be presented in different forms: the ecological
passport of an enterprise, a model of a production system with sources of pollu-
tion and environmental characteristics, etc. The activities of new production
system should be aimed at restoring the balance of an ecosystem and the me-
chanism of its biotic regulation if this has been violated.

To assess the impact of the production system (enterprise, corporations,
industries) on the ecological balance in nature, there can be used the following
parameters:

e absolute costs of an ecosystem defined in specific measurement units of
the state of flora and fauna biogeocenose;

e compensatory ability of an ecosystem which characterizes its restorability
in natural and artificial conditions;

e the risk of violation of natural balance that determines possible non-reco-
verable losses and local environmental violations;

e the concentration of environmental losses which describes the extent of
the impact of the production system on the environment.

A balance criterion of production and environmental systems is the eco-
nomic capacity of ecosystems.

The economic capacity of ecosystems is the maximum allowable man-hu-
man (industrial) impact on the biosphere, whose exceeding makes it excited
and eventually can cause irreversible degradation processes.

It is associated with society’s production activities and its system environ-
mental restrictions. Going beyond the economic capacity of ecosystems and the
biosphere leads to the loss of their sustainability and the consequent restructu-
ring of biota, that is the excess of economic capacity of the biosphere and
ecosystems causes energy flow maldistribution, deforms natural regulation, bio-
geochemical miogen circulation, reduces biodiversity, causes the loss of biota’s
reproductive ability.

It is important to establish ecologically balanced, systemic relationships and
identify the principles of interaction of a production system, an economic sys-
tem and an ecosystem. This is possible only when knowing the methodology of
system analysis and approach. The system paradigm prevails in modern science
and practice, and the systematic approach is a necessary condition for effective
management, market activity and system management.

A link between a production and an ecological systems is a product system
with its life-cycle of production, which starts in the ecological system (extraction
of resources, energy supply), developing in the production system (production
technology) with associated emissions and discharges of pollutants into the
atmosphere, hydrosphere, soils, etc., after what it is consumed by the society
and disposed or recycled in the ecosystem as a used product that turned into a
society’s waste product.

Thus, the production system causes significant damage to the ecological
system due to their irrational interaction. To prevent such production and
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environmental damages, it is necessary to predict them in the engineering de-
sign of the production system and its innovative development.

In the context of sustainable development, the innovation design of pro-
duction systems is to become in eco-innovation design. That is a project of any
product system should provide for safety engineering and environmental solu-
tions and environmental upgrades to achieve ecological purity characteristics,
which will in time get more stringent.

The characteristics of product systems sustainability are the pollution pre-
venting technologies, waste minimizing technologies and waste treatment
technologies.

The effectiveness of these technologies is achieved through the use of va-
rious engineering, biological engineering and biological methods. These are the
methods of cleaning gaseous emissions into the atmosphere, cleaning polluted
water, recycling and disposal of solid waste, etc.

The perfection of these methods, the engineering staff’s ability to effecti-
vely use them (environmental management) ensure the environmental cleanli-
ness of production technology and the enterprise as a whole. Environmentally
friendly production and the products ensure not only the sustainability of the
production system, but its high competitiveness as well.

Modelling of interaction of industrial and ecological systems, followed by the
creation of an environmental management system is a prerequisite for greening
the production as a factor of society’s sustainable development.

Within the system of environmental management there must be involved
the engineering and economic methods and instruments ensuring the environ-
mental and production cycle to provide for the “green” profit of the company.

Greening of production is its innovative development with technological
upgrading and environmental effect, the process of systemic ecological moder-
nization, creation of technological systems with low resource consumption and
engineering solutions to prevent environmental pollution.

The main environmental aspects of innovation development is environ-
mentally friendly technologies that reduce resource consumption of the final
product, increase the productivity of natural resources, and ensure prevention
of pollution.

Environmentally friendly production is based on using the environmental
management strategies and environmental engineering mechanisms, clean
technology, environmental engineering techniques aimed at preventing man-
induced pollution of the environment and the productivity of natural resources,
the efficiency of waste treatment.

Environmentally friendly technologies are aimed at reducing the resource
consumption of the final product, increase the productivity of natural resources
and promote sustainable use of natural resources. They are low-waste or non-
waste pollution preventing technologies processing and obtaining a finished
product.

Environmentally friendly technologies are complex integrated systems provi-
ding for the availability of special scientific and technical information, proce-
dures, goods, services and equipment, and techniques of related organizational
and administrative activities (logistics).
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For production processes, ecological purity of production means saving ener-
gy and raw materials, prohibition of toxic raw materials, reduction of techno-
logical sources of environment pollution, reduction of waste and their toxicity.

For products, the strategy of pollution prevention means reducing the envi-
ronmental impact of products on the environment throughout the life cycle —
from its manufacture to disposal after using. Therefore, the engineering prin-
ciples of production system greening include the following provisions:

e increasing of natural capital productivity with further reduction of product

environmental capacity;

e implementation of energy efficiency and energy saving production based
on the recommendations of the energy audit;

¢ implementation of effective reduction processes of waste management,
creation of integrated supply-reduction systems with technologies of col-
lecting and sorting, recycling of waste on the basis of waste minimizing
audit recommendations;

e technological renewal of production systems in compliance with the stan-
dards of environmental cleanliness technologies, products and transition
to low-waste and non-waste production technology based on the recom-
mendations of the environmental technology audit;

e increasing the power of engineering protection of ecosystems and the
environment, introducing effective treatment technologies, including bio-
technology;

e greening of engineering design, investment projects, creating new and
reconstructing the existing production capacity by expanding the regula-
tory and methodological base of environmental performance and pre-
vention of pollution.

These principles can be realized through technological innovation, in par-

ticular through the use of:

1) technologies updating and complementing the existing production pro-
cesses to reduce their harmful effects on the environment;

2) integrated technologies using innovative technological approaches that
allow to minimize or completely eliminate the negative influence on the
environment, preventing the possibility of its occurrence;

3) technologies acquiring the increasing importance — the technologies of
repeated (secondary) use of products, components, parts and wastes as
well as the recycling technologies.

The technologies of repeated (secondary) use should be developed for se-
condary production similar to cyclic product flows. They may include:

e direct secondary use without demolition technologies;

e returning to the manufacturing process of used products or components;

e dismantling, processing and reusing in the production process.

However, all production systems are developing with the traditional result —
the depletion of natural resources and environmental pollution. The principles
of sustainable development require using of innovative development models
based on the theory and practice of eco-production cycle using technologies of
waste management.
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Also important is engineering protection of objects in construction or recon-
struction. It is to be part of and an integral part of the activities of engineering
training of the area and is to provide for:

e overall stability of the area;

e safe living of people;

e reliable and smooth functioning and development of facilities and recre-

ation areas;

preservation of protected areas, landscapes, historical places;

regular sanitary, social and recreation conditions for protected areas’

proper architectural design of engineering protection structures;

economically grounded rational use of land and natural resources, facilities

in compliance with legal environmental protection requirements.
Based on the foregoing, the modern society gives the priority to the change
of consumption approaches and use of natural resources. Until recently the
concept of sustainable development was mainly aimed at economic and eco-
logical as well as environmental and legal issues. There became also wide-
spread the theory and practice of environmental control (management) based
on regulatory system and complex cross-media and cross-sector approaches.

The priority is the development of directions changing the unsustainable
patterns of production and consumption, clean production mechanisms and
product life cycle greening. These are the engineering aspects that made clear
the necessity of formation and development of theoretical and methodological
foundations of a four-component sustainable development concept including
the “technology” part.

For sustainable development it is important to introduce the greening pro-
cesses of society, economy and production, and reproduction and maintenance
of natural properties and qualities of ecosystems.

Balance interaction of positive and negative factors, their dynamic equili-
brium is achieved through the use of complex events, including engineering.

For example, reducing of negative human impact on ecosystems, stren-
gthening their assimilation capacity by using modern engineering methods and
technologies for pollution and waste preventing, efficient handling, increasing
the productivity and efficient use of natural resources, energy saving and using
in economic and industrial activities of alternative energy sources (solar, wind,
tidal energy, thermoelectric energy, etc.).

Strengthening of society’s positive impact on improving the quality of the
environment, supporting biodiversity and enhancing the ecosystem’s assimila-
tion capacity is achieved by using biological engineering techniques and techno-
logies of reconstruction of damaged areas, landscapes, nature protection facility
construction, growth of society’s ecological culture and responsibility.
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PRODUCTION OF ALTERNATIVE PRODUCTS
AND RENEWABLE ENERGY SOURCES
IN RURAL AREAS

Annotation:

In the article by Ukrainian and Polish scientists the production of alternative products
and renewable energy sources on the example of Ukraine is analyzed. It is found that
that Ukraine is an energy-dependent country, and the main sources of energy con-
sumption are fossil fuels. At the same time, the share of renewable energy sources in
Ukraine is less than 2% which is one of the lowest indicators in Europe. However, we
possess a massive unused potential for energy savings in the form of natural rene-
wable energy and, in particular, there is a big potential of biomass available for energy
production. Economically justified energy potential of existing biomass waste is about
25 million tons and the energy potential of biomass which can be grown on unused
agricultural lands covering more than 4 min ha — about 13 million tons (Table 3). Due
to this potential we can cover up to 18% of total primary energy consumption in
Ukraine. Thus, rural areas of Ukraine have a significant potential for bioenergy deve-
lopment of the country.

Keywords: rural areas, alternative and renewable energy sources, biomass.
Introduction

Dependence of the economy on imported energy, reduction of mineral re-
serves, restructuring agricultural production, constant growth of disparity in pri-
ces for energy, industrial and agricultural products impede the development of
the economy of Ukraine and reduce the potential of production competitiveness
of economy branches in world markets for goods and services.

Today the main source of energy is fossil fuel combustion of which destroys
environment and causes climate change. Over 80% of the energy is produced
from fossil fuels, namely oil, natural gas and coal. Another amount of energy
(20%) is for the share of nuclear energy, hydro power, biofuel and renewable
sources.

In connection with the general environmental degradation professionals are
increasingly looking for real opportunities to use so-called renewable clean
energy — wind, solar, marine and terrestrial depths, biogas, biodiesel, bioetha-
nol. Prospects of widespread use of alternative energy sources are confirmed by
operation of relevant objects and installations in some areas of our country and
abroad. They are environmentally friendly that is extremely important for the
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recovery of air and water, their value increases in relation to the objective rising
costs of traditional fuel resources — oil, gas and coal.

In the situation that has arisen, issues of development, effective use and
implementation of alternative energy sources are particularly relevant, including
bio-energy, which according to data of structure of primary power engineering
production in the world accounts for almost 77% of all types of renewable
energy (Geletukha G., 2012).

Condition of problem studying

The problem of using alternative products and renewable energy sources is
widely studied in native and foreign scientific literature. So, the main aspects of
bioenergy development, evaluation of production potential and efficiency of use
are highlighted in scientific works of such scholars as Ageev V.A. (Ageev, 2004)
Geletukha G.G. (Geletukha, 2006), Gorodov R.V. (Gorodov, 2009), Shlemko
V.T. (Shlemko, 1997) and others [2-5].

In works of D. Meadows (Meadows, 2007) the problem of planning the use
of natural resources to maintain ecological balance and preservation of prere-
quisites for further economic growth [6]. In particular, this author expresses the
idea of the need for a rapid transition from traditional forms of energy to alter-
native ones to prevent their deficits.

In studies of V. Fradkin (Fradkin, 2010) the high potential of alternative
energy sources is justified, including geothermal one, over traditional ones [7].
In addition, specific recommendations for priority use of various energy sources
in different geographical areas are given.

In works of B. Danylyshyn (Danylyshyn, 2006) the essence of the concept
of “energy security” as well as the problems of its maintenance in our country
are revealed [8]. However, currently the question of role of rural areas for the
production of alternative products and renewable energy sources in Ukraine
remains unexplored.

Therefore, the purpose of the article is to identify and evaluate promising
directions of development of alternative products and renewable energy sour-
ces in rural areas (on the example of Ukraine).

Research Methodology

Theoretical and methodological basis of the research were dialectical me-
thod of knowledge and systematic approach in the study of scientific works of
national and foreign scholars on the production of alternative energy sources,
particularly in rural areas of Ukraine, legislative and other regulations on inves-
tigated issues.

Research results

Rural areas and power engineering have always been closely linked, but the
nature and strength of their relationship changed over time. The rural area has
always been a source of energy and energy is one of the major determinants of
modern agricultural production. Even today some European countries actively
use alternative products and renewable energy sources and hope to gain
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independence from prominent suppliers of hydrocarbons by means of them. For
example, in 10 years Sweden plans to completely abandon organic fuel sources
in favor of renewable sources and Iceland plans to do so before 2050.

In Brazil sugarcane is widely used. Five years later, ethanol, extracted from
cane, will provide 80% of the country’s transport with biofuel. In Spain and
Germany the focus is on wind energy, increase of which is by 25% annually.

Today Ukraine is far behind the European Union in bioenergy development.
Globalization of energy processes will enable the state, given its unique geo-
graphical position, to act as a full player in the international arena in the area of
introducing “green” power engineering.

The state annually consumes about 220 million tons of equivalent fuel of
fuel and energy resources and refers to energy deficient countries. Energy
needs are covered by themselves only by 53% and are imported to 67% of the
required volume of natural gas and 75% of oil and petroleum products. Today
the country is living on the Energy Strategy of Ukraine approved by government
until 2030 which provides a substantial increase in consumption of fossil power
resources. According to it, energy consumption by 2030 will increase to 302.7
million tons and only electricity will be up to 398 billion of kW/h. At the same
time, in the long term, this situation is unacceptable; it makes the national
economy completely dependent on countries exporting oil and gas.

Comparing the structure of primary energy consumption in Ukraine and the
EU (Table 1), we note the following trends.

Table. 1. Comparison of the structure of primary energy consumption in Ukraine
and the EU countries, % [9-11]

Type of energy 2010 2030
resources Ukraine The EU Ukraine The EU
countries countries
Natural gas 42.6 25.1 28.0 24.0
Qil 10.0 35.1 14.5 33.0
Coal 27.9 15.9 30.0 7.0
Uranium 17.9 13.5 22.5 11.0
Renewable 1.6 9.8 5.7 25.0
energy sources

The share of natural gas in Ukraine is unreasonably high — about 43%
which is almost two times higher than in the EU.

Thus, the contribution of renewable energy sources in Ukraine is unreaso-
nably small — 1.6% which is 6 times lower than in the EU. Moreover, develop-
ment directions of various sectors of power engineering of Ukraine, proposed in
the revised draft of the Energy Strategy until 2030, also do not coincide with
the EU energy trends. Thus, in Europe they plan to reduce coal consumption
(from 15.9% to 7%) and reduce the use of atomic energy (from 13.5% to
11%), while in Ukraine the situation is opposite. According to the new variant
of the Strategy up to 2030 the increased use of coal from 27.9% to 30% and
nuclear energy — from 17.9% to 22.5% is scheduled [12].
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It should be noted that unlike many EU countries Ukraine has massive unu-
sed potential for energy saving in the form of natural renewable energy sou-
rces.

Natural renewable energy sources, as defined by the International Energy
Agency (IEA), divide the energy received from the sun; wind; biomass; geo-
thermal, hydropower and ocean resources; biogas and liquid biofuels [13].

According to the Resolution No. 33/148 of the UN General Assembly in
1978, non-traditional renewable energy sources include: solar, geothermal,
wind and wave power, energy of tides and low tides of the ocean, energy of
wood biomass, charcoal, peat, dragging livestock, shale, bituminous sandstones
and hydropower.

In the Law of Ukraine “On Alternative Energy Sources” alternative sources
of energy are renewable sources which include solar, geothermal, wind and
wave power, energy of tides and low tides of the ocean, energy of wood bio-
mass, charcoal, peat, dragging livestock, shale, bituminous sandstones and
hydropower [14].

Today, our country uses its potential in renewable energy only by 1.6% (ca-
pacity — 81 min tons of conditional fuel, production — 1.6 min tones) (Table 2).

Despite the low level of renewable energy development today, Ukraine has
good preconditions for the future development of this area, especially bioenergy
sector.

Table. 2. Potential of renewable sources [15]

Type of power source Annual technically feasible potential Annual replacement
Billion kW/hour Min tons of of natural gas, bin
conditional fuel m?
Wind power 41.7 15.0 13.0
Solar power 28.8 6.0 5.2
Geothermal energy 105.1 12.0 10.4
Bioenergy 27.7 10.0 8.7
Hydropower 162.8 20.0 17.4
Energy of the 154.7 18.0 15.7
environment
Total 520.8 81.0 70.4

Ukraine has a great potential of biomass available for energy production.
Biomass is carbon-intensive organic substances of plant and animal origin (wo-
od, straw and other plant residues of agricultural production, manure, specially
grown energy crops, organic parts of municipal solid waste and sometimes
peat). Solid biomass as well liquid and gaseous fuels produced from it — biogas,
biodiesel, bioethanol and others are used for energy production.

According to the accepted European definition, biomass is bio-degraded
fractions of products, waste and residues of agriculture (plant and animal
ones), forestry and close to them industries (carbon containing organic substan-
ces of vegetable and animal origin, wood, straw, plant residues of agricultural
production, manure, etc.).

Potential energy resources of biomass can be divided into two groups:

e Plantations of plants grown for the purpose of energy needs (e.g. corn,

rape, energy willow, potato, Jerusalem artichoke, Miscanthus etc.);
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¢ Organic remains and waste — plant remains, waste from the growing and

processing of plant production, animal waste and municipal organic waste.

e Raw materials for energy are divided into liquid (vegetable oil, alcohol),

solid (straw, wood or waste of wood industry) and gaseous (biogas).
Biomass is a renewable, environmentally friendly fuel, the use of which
does not contribute to the global greenhouse effect. This is the fourth
fuel by value in the world which gives about 2 bin tons of fuel a year,
representing about 14% of total primary energy consumption in the
world (in developing countries — over 30%) [16].

Potential of waste usage in agriculture as a source of energy biomass is
enormous. Thus, the use of crop residues for receiving energy depends on the
nature of crops which large areas are sown with and the number of residues
that can be obtained per unit of cultivated area. Field crops provide waste more
than vegetable ones. Approximate number of plant waste can be determined by
multiplying crop mass on its characteristic coefficient of remains. In soybean it
is 0.55-2.60; corn — 0.55-1.20; wheat — 0.5-1.75; sugar beet — 0.07-0.20.
Values of coefficients depend not only on the type of a crop but also conditions
of its cultivation, harvesting methods and methods of coefficient determining.

Straw is one of the major sources of biofuels in the world. Average straw
amount of cereal crops, particular in Ukraine and Poland is 40.31 million tons,
20% using of which for energy purposes can be replaced by 4.3 min tones of
fuel/year. From a straw briquette weighing 50-60 kg it is possible to get 4 kWh
of electricity.

In the world the complex processing of animal waste by means of methane
fermentation is promising. The product of such fermentation is biogas. Depen-
ding on the content of methane its energy intensity can be different. Biogas
containing 56% methane has the energy intensity of 20 MJ/ m®, 62% — 22.7
MJ/m3, 70% — 25 MJ/m® (natural gas — 33.6 MJ/m®).

Table. 3. The energy potential of biomass

Type of biomass Actual volume, % of the total | Economic potential
min tons volume min tons fuel

Straw of cereal crops 32.0 20 3.17
Straw of rape 2.9 70 0.96
Production wastes of corn for grain 34.0 52 8.59
Production wastes of sunflower 17.0 67 5.55
Recycled agricultural wastes (husk, 9.7 77 0.99
bagasse)
Wood biomass 3.9 89 1.87
Biodiesel - - 0.35
Bioethanol - - 2.36
Biogas from manure - - 0.35
Landfill gas - - 0.26
Biogas of wastewater - - 0.09
Energy crops: -

- Poplar, willow and others 20.0 85 10.30

- Rape (straw) 3.2 70 1.13

- Rape (biodiesel) - - 0.77

- Maize (biogas) - - 1.10
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Peat - - 0.40

Total - - 38.24

Firewood was the main fuel to the end of XIX century when fossil fuels —
coal, natural gas and oil replaced it. The appearance of these fuels and the
constant increase in needs of forest technical raw materials led to a sharp
decrease in the use of forest products as fuel.

About 85% of felled forest is used for paper and timber production, 4% —
as fuel. The remaining 11% — wastes during harvesting, transportation, are
recycled or can be used as an energy source.

The negative properties of natural forest biomass are: low energy density of
biomass; high humidity and energy consumption for evaporation during com-
bustion; heterogeneity of forest biomass form which complicates mechanization
and automation of harvesting and combustion of this fuel.

To achieve the goals in the field of renewable power engineering the re-
liable information about the energy potential of biomass is necessary. According
to data in 2013 economically justified energy potential of existing biomass was-
te for Ukraine is about 25 million tons fuel and the energy potential of biomass
which can be grown on unused agricultural land areas of more than 4 min ha is
about 13 million tons fuel (Table 3). Due to this potential it is possible to cover
up to 18% of total primary energy consumption in Ukraine. So, rural areas have
a significant potential for bioenergy development of the country.

Thus, several advantages of bio-economy should be emphasized that is an
important stimulus for the further development of this industry. For social
sphere it is:

Diversification of the rural economy;

Job creation;

Rural development;

Improving health;

Welfare and quality of life in rural areas.

For the sphere of economy it is:

Reducing the cost of agricultural products;
Reducing dependence on imported energy resources;
Development of new types of products;
Careful monitoring of product quality;
Entering new markets of agro-food products.

For the environmental sphere it is:

e Creating new products and biofuels;

e Pollution prevention;

e using processed products of agriculture and so on.

Along with this it should be noted that there are main negative factors sig-
nificantly impede the development of the biofuels market. They include:

e Insufficiently developed transportation and logistics infrastructure of the
agrarian market and in accordance with the market of bioenergy re-
sources and lack of specialized terminals for processing large volumes of
biofuel, resulting in logistics is very expensive and reduces the potential
profitability of biofuel plants;

e Lack of advanced agricultural technologies of growing and processing
biomass;
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Lower, compared to EU, production capacities of national enterprises for
the production of biofuels;

Lack of specialized equipment for handling biofuel cargo traffics;

Backlog of information infrastructure: the biofuels market is not trans-
parent and potential consumers are not aware of their capabilities in this
area and about the advantages of bioenergy as such;

Financial difficulties of farmers with the introduction of innovative tech-
nologies;

Lack of qualified staff;

Imperfection legal and regulatory framework;

Incomplete question of establishing «green» tariff;

Unfavorable investment climate for the development of alternative
energy.

Conclusions

Ukraine like Poland has good preconditions and sufficient potential for the
dynamic development of the sector of alternative energy sources. The main dri-
ving forces of this process in particular in Ukraine are constant rise in prices for
traditional energy carriers and existence of a great potential of rural areas
available for energy use.
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INFLUENCE PLANT PATHOGENIC BACTERIA AND FUNGI ON
THE EFFICIENCY OF THE SYMBIOTIC SYSTEM RHIZOBIUM
GALEGAE — GALEGA ORITNTALIS L

Various pests and diseases, such as insects, fungi, bacteria, mycoplasma
can cause significant harmful effect of galega crops. If you do not take action at
the first signs of disease, their pathogenic effect causes a significant reduction
in the yield of green mass of galega in the 32-42% and 15-30% of seeds [10,
21, 24, 25].

The most studied in the world is insects pests and fungal diseases of ga-
lega. It should be noted that bacterial diseases of galega insufficiently studied,
which explains the limited number of protective drugs of this class in the
market of protection. However, in recent years, phytopathogenic bacteria are
increasingly occupy important place among the diseases of crops [5, 7, 20, 21,
26, 27]. Not defined circle of bacterial pathogens of plants. Unidentified risks of
cross-contamination galega and other legumes, which are widely cultivated in
Ukraine.

Diseases are very harmful galega that hit the ground plant parts, causing
premature defoliation. This reduces the yield and the quality of the green mass
and seeds. Seeds on affected plants are produced in most cases flat or low
viability. Therefore, monitoring of diseases, their diagnosis and galega crop
protection from various diseases is of great practical importance [1, 8, 10, 24].

We have found that the main bacterial pathogen galega is Pseudomonas
syringae pv. syringae. The pathogen is polyphage and usually causes black-
brown necrotic spots, so the name of the disease varies as bacterial spot, black
spot, brown spot fine [4, 14]. It should be noted that especially this culture
suffers from fire blight[5, 8, 9, 21].

Since some of the most common and harmful pathogens of bacterial
diseases of legumes are members of the genus Pseudomonas can be assumed
that further monitoring will identify representatives Pseudomonas syringae on
galega [3, 6, 11].

It is found that the Pseudomonas syringae pv. syringae affects all parts of
terrestrial plants. The disease appears first on the tips of young leaves in the
form of small transparent dark spots, which rapidly coalesce and cover a large
area of the leaf, and then the whole area of the sheet. The top sheet is twisted
or bent. Diseases causing death of a large number of leaves of the plant. With
the defeat of the stems, and cuttings of the bacteria move to the vascular
bundles and penetrate the seed. Often on the stems there are small (2-5 mm in
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diameter) dry black necrotic spots that grow over time and crawl into strips.
The stem is twisted and can break in [13].

During the monitoring of bacterial diseases galega on scientific research
and industrial crops are a number of symptoms of plant injury was determined
in the Vinnitsa region, which were caused by bacterial plant pathogens [9, 15,
27].

1. The light brown spots (2-4 mm in diameter) of irregular shape edged
with chlorotic;
light brown frame sheet;
necrotic light brown spots
empty spaces with light beige border;

"burn" the tip of the leaf;

dry translucent beige spots

dry black necrotic spots

blackening and wilting on the scaffold with spreading;
black hauling leaf cuttings.

Bacterlologlcal analysis of samples of the affected galega collected in the
Vinnitsa region, characterization of isolates is shown in Table 1. What can serve
as an example for the primary identification and selection of bacterial patho-
gens. For a variety of visual characteristics and virulence isolates selected type
Xanthomonas for monitoring galega in the Vinnitsa region (Table 1). The patho-
gen bacteriosis galega genus Xanthomonas - motile gram-negative rods, oxide-
se negative, catalase positive. The cells have a capsule. Colonies of 5-8 mm in
diameter, round, convex, smooth, shiny, opaque with smooth edges are yellow-
green pigmentation [16, 18].

©WoNOAWN

Table 1. Phytopathological analysis of samples of galega (bacterial isolates
from Vinnitsa region crops)

Samples Quantity isolates
o @
= & ES] Yellow pigment
3 s |3 © 3 Gray-white .
= e 22| € | White, opaque,
8 > |08 88 translucent, type
© Q e
Z g g1 8° type type type Bacillus
® ° Pantoea Xanthomonas Pseudomonas
2 g agglomerans
1 17 11 9 2 2 3 2
2 17 13 18 8 4 6 1
3 15 12 9 4 1 2 2
4 10 3 12 3 3 4 2
5 9 7 7 3 1 1 2
Total | 68 47 55 18 11 16 9

Biochemical properties

Biochemical properties considered an important criterion for the identifyca-
tion of bacterial pathogens of plants. The causative agents of bacterial galega
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Pseudomonas syringae pv. syringae and defined by the authors Pseudomonas
sp. and Xanthomonas sp. They have the ability to break down carbohydrates to
aldehydes and acids to form carbon dioxide and water .

It was found that strains of Pseudomonas sp. used as the sole carbon sour-
ce, carbohydrates such as glucose, sucrose, xylose, galactose, fructose, raffino-
se, mannitol and glycerol. Do not ferment lactose, maltose, fructose, dulcitol
(Table 2).

Table 2. Physiological and biochemical properties of pathogens bakteriosis galega

Genera and species of pathogens
Pseudomonas
Tests syringae pv. syringae| Xanthomonas sp. Pseudomonas
(according to the | (defined in Ukraine)| sp. (defined in Ukraine)
literature)
Color colonies Grayish-white Greer}zsgf;]-tyellow Gray, translucent
Gram staining — — —
Mobility + + +
Oxidase — - —
Reduction of nitrates — — —
Litmus whey M reduction M
Use milk — — —
The formation of H,S - - -
Hydrolysis of gelatin — + —
Growth in meat- . . ) .
beptone agar (MPA) steady growth, ring growth ring, film growth ring
Using:
Glucose A — A
Glucose anaerobic — —
Lactose, maltose — - -
Saccharose A — A
Continued Table 2
Xylose A A A
Rhamnose, mannose — - -
Galactose A - A
Dulcitol — - -
Glycerol A A
Fructose A A A
Raffinose, mannitol A - A
Oxalic acid M M M
Hypgrsensmwty + _ +
reaction
Note: "-" - no symptoms; "+" - Signs; A - the formation of acid; M - meadow.

As biochemical parameters allocated isolates can be identified as Pseudo-
monas syringae or Pseudomonas savastanoi. 1solated bacteria that can be as-
signed to Xanthomonas sp. as the sole carbon source of power only use xylose
and fructose[4, 9, 13, 14, 16, 18].

For a more precise identification used molecular genetic techniques.

Galega as well as other representatives of the legume genus may be affec-
ted by bacterial pathogens of legumes, which include Xanthomonas axonopodis
pv. phaseoli (brown spot) and Pseudomonas savastanoi pv. phaseolicola (angu-
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lar spotting) - the most common pathogens that cause significant economic
damage. Other: Xanthomonas fuscans subsp. fuscans, Pseudomonas syringae
pv. syringae, Pseudomonas syringae pv. vignae, Surtobacterium flaccumifaciens,
Xanthomonas heteroceae, Agrobacterium tumefaciens. There are also rare
Pectobacterium carotovorum and Pseudomonas putrefaciens. The most harmful
bacterial pathogens of legumes, often soybean - Pseudomonas savastanoi pv.
glycinea (angular spotting) and Xanthomonas axonopodis pv. glycines (pustules
bacteriosis) [4, 9, 13, 16]..

In addition to these pathogens are parasitic on legumes: Pseudomonas sy-
ringae pv. tabaci, Pseudomonas syringae pv. syringae, Ralstonia solanacearum
and bacteria found some authors and in rare cases - Pseudomonas viridiflava,
Xanthamonas heteroceae, Pseudomonas savastanol pv. phaseolicola, Xantho-
monas axonopodis pv. Phaseoli[12, 21, 26].

Cases are also known leguminous the defeat, in particular pea pathogens
such as Pseudomonas syringae pv. pisi, P.syringae pv. syringae, P.viridiflava,
Ralstonia solanacearum, Pantoea agglomerans, Agrobacterium tumefaciens,
Bacillus leguminiperdus, Bacillus megaterium. [10, 15, 21].

All of these pathogens of bacterial diseases of legumes may be potential
agents of galega disease. [15, 26, 27 ].

The composition of plant pathogenic fungi galega

Mushrooms are considered the most common diseases among cultivated
plants. Firstly, due to the number of their agents, which has about 20 thousand,
second - due to the relatively easy penetration into the host plant through
natural openings and the ability to hit the plants during all phases of their
development. Prevalence galega fungal diseases can be significant, reaching
almost 30%. However, technological feature of fodder grasses, which include
eastern galega (Galega orientalis L.) is their mowing, which during the growing
season may be 2-3 when growing galega. This explains the prevalence of fire
blight, pathogens which enter the plant tissues through the damaged surface[5,
8, 12, 24]..

The basis of the mechanism of pathogenic action of pathogenic fungi is a
violation of the trophic chain, since the penetration into the plant host orga-
nism, these phytopathogens are acceptors vegetable assimilates creating their
deficit, and secondly - they are able to produce toxins and numerous enzymes
that destroy or liquefied hydrocarbon polymers cell walls. A negative conse-
quence of this interaction becomes a distortion of plant metabolism. Parenchy-
mal and vascular lesions, necrotic certain tissues or organs due to fungal infec-
tions plant turns to the source the spread of fungal infection. Dead plant
residues pose an infectious background, contributes to the further spread of pa-
thogens. And, although the mechanisms of pathogenic action of different types
of mushrooms can differ significantly, they cause considerable damage to
agricultural production, reducing the yield of economically valuable organs, the
quality and shelf life [21, 22].

We have found that the most common fungal diseases galega is rust,
brown spot, ramularia betae, cercospora blight, this despite the fact that the
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galega is considered sufficiently resistant plants[12, 24]. Our findings are con-
sistent with the literature [10 ,21].

Rust

Pathogens are department - Basidiomycetes. Class - Urediniomycetes. Fa-
mily - Puccinia Ceae, genus: Uromyces, view - Uromyces galegae.

The disease appears in late June - early July. Symptoms most often appear
on the stems, sometimes on leaves in the form of brown dusting. At the end of
the growing black defeat of uredospores are formed in places of defeats. With
intensive development of the disease leaves wither and fall off. Urediniospores
brown size 23 - 25 micrometers. Most strongly manifested disease after a heavy
rain, spreads urediniospores via air currents. Is necessary for the development
of about 2-3 decades, temperature 19 - 210C and high humidity. The fungus
overwinters in the form teliospores (Fig. 1).

b‘ h-:n. i k’,r‘( -
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Fig. 1. Rust galega east
Brown spot

Activators are Ascomycota Division. Class: Deuteromycetes. System: Bo-
tryosphaeriales. Family: Botryosphaeriaceae. Genus Phyllosticta. View: Phyllos-
ticta galegae.

On leaves appear elongated spots with a brown border and after a certain
period of time on the affected surface appear black dots — pycnium — scattered,
single, flat - spherical shape, approximately 150 microns in diameter. Pycnidio-
phore cylindrical, ellipsoidal, tapered at one end, straight or slightly bent, dis-
colored (Fig. 2).

Monografia 55



Fig. 2. Brown spot galega east
Ramularia

Activators are department: Ascomycota. Class: Deuteromycetes. System
Hyphomycetales Family: Mycosphaerellaceae. Genus: Ramularia. View: Ramu-
laria galegae.

The disease looks like ocher or brown small spots of 2-3 cm in diameter on
both sides of the sheet. When wet, the spots are covered by conidia in the form
of liquid white coating. Conidiospores slightly curved with a few teeth on the
top and are collected in bundles on both sides of the sheet to form a white film.
Conidia unicellular, elongated veretinovidnoi shape (Fig. 3).

Fig. 3. Ramularia galega east

Conidia spread the pathogen. However, a potential source of infection are
crop residues. By the autumn the leaves formed sclerotia dense stroma and the
like and at this stage of the fungus overwinters.

Cercospora blight

Department: Ascomycota. Class: Deuteromycetes. System: Hyphomycetales.
Family: Mycosphaerella Ceae. Genus: Cercospora. \liew: Cercospora galegae.

Brown spots on the leaves which later turn white, with a brown border.
Sporulation of the pathogen has a light smoky capsules on the surface of the
affected tissue when high humidity. Conidiophores hilly, pale smoky collected in
bunches. Conidia are rod-shaped, spindle-shaped, curved, pointed at tip, with
many partitions, colorless (Fig. 4).
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Fig. 4. Cercospora blight of galega east

In winter, the fungus persists in the form stroma-tographium on which the
spring at high humidity and favorable temperature to 150C and above are pro-
duced conidiophores with conidia. The fungus spreads conidia on fallen leaves.

Influence of the dominant pathogenic bacteria and fungi in the galega
east symbiotic system Rhizobium galegae - galega

Galega east - a perennial herb with polycarpic development cycle. Phase
flowering begins in the second year of life, but individual plants under favorable
conditions, blooms in the first year [24]. In the early stages of development of
aerial organs galega grow faster underground. At this time the plants come into
a period of intensive growth of shoots above ground and in the phase of the
fourth true leaf begin to form side shoots, which are located in the axils of the
first and the second true leaves. It strengthens the root system, increasing the
number of root nodule bacteria. They appear on day 25-30 post-emergence,
i.e. during the intensive growth of plants. Their number is 40-55 pieces with a
weight of 150-200 mg per plant, when the stem is formed. The number and
mass of bubbles depends on the phase of plant development. These rates
reach a maximum in the budding phase under optimum conditions of symbiosis
- early flowering (from 110 to 160 pieces with a weight of, respectively, from
320 to 450 mg per plant). In this phase is carried out mowing grass. Prior to
the second mowing the number and biomass of nodule bacteria increases,
respectively, to 310 and more pieces, 700-720 mg [24].

In the second year of vegetation (budding phase - beginning of flowering),
the number of bubbles increases slightly to 330, and the biomass is almost
doubled. In the third year of vegetation the number and biomass of plant does
not increase, and the downward trend is visible in the fourth year.

Inoculation of seeds RA. galegae L2 stimulated growth of above ground and
underground. The data are presented in table 3.
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Table. 3. The influence of inoculation of Rhizobium galegae L2 on plant growth
of galega east of the second year of life, seecentimeter

The length of the roots The height of the plant above ground
Phase control - without with control - without o .
. . . . . . with inoculation
inoculation inoculation inoculation
Full budding 25,4 33,1 91,0 101,5
Full bloom 46.7 55,9 142,1 163,9
HIPgs 11,1 14,0 15,8 21,5

As can be seen from table. 3 the roots of inoculated plants in the phase
of full budding is 7.7 cm longer in comparison with control, full bloom - 9.2 cm.
The height of the aerial organs in the phase of full budding 10, 5 cm longer in
comparison with control, full bloom - 28.1 cm. This is due to the fact that the in
inoculated plants were more 1.5 nodule bacteria, which provide plant nutrition
in an environmentally sound biological nitrogen and stimulated the growth of
the root and aboveground parts [2, 17, 19].

The presowing inoculation of seed by biologic nodule bacteria increased the
seed yield (table. 4).

Table 4. Effect of presowing inoculation on green mass and seeds
of galega east, g / m?

. Crop of Increase Crop of Increase
Variant
seeds g % green mass g %
S_owmg s_eeds without 611 a : 4832 3 :
inoculation (control)
Sowing of inoculated | g3 5 | 355 | 52,7 7023 2191 | 453
seeds

As can be seen from the data of table 4 each square meter of sowing the
inoculated seeds gave more yield - 32.2 g, or 52.7% higher than the control.
The harvest of green mass received 45.3% more than the control. Our ex-
periments confirm the data on the effectiveness of the inoculation of other
researchers [1, 7, 23, 24].

The main function of Rhizobium-legume system is the process of nitrogen
fixation, so it was important to clarify the influence of bacterial and fungal
metabolites in the nitrogen-fixing activity of bubbles. Study of direct influence
of the culture liquid filtrate of liquid of Pseudomonas syringae pv. syringae,
Xanthomonas sp. P14 and Uromyces galegae P15 on symbiotic system of
galega - nodule bacteria showed that under their influence varies nitrogen-
fixing activity galega of bubbles. When soaking of bubbles in the culture fluid of
said of phytopathogenic microorganisms significantly reduced their nitrogen-
fixing activity compared with control variant (table. 5).

Thus the action of phytopathogenic bacteria and fungi in a symbiotic unit of
galega depended on the type and aggressive strain [21]. For further our re-
search we chose a strain of Pseudomonas syringae pv. syringae and Uromyces
galegae P15.

Effect of Pseudomonas syringae pv. syringae and Uromyces galegae P15.
on legume-Rhizobium symbiosis galega sort Kavkazkiy branets studied in a pot
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experiment on a gray forest soil inoculated colonies of bacteria (107) and
fungus spores (106).

Table 5. The impact of culture fluid of phytopathogenic bacteria and fungi on the
nitrogen-fixing activity of nodules of galega east sort Kavkazkiy branets

. Nitrogen-fixing activity, micromoles C,H,
Variant - -
per 1 plant in an hour per 1 g nodules in an hour
Control (culture.medlum for 4,45 + 0,39 5.03 + 043
bacteria)
Control (nutrleng medium for 3.14 + 0,28 3,57 + 0,15
fungi)
Culture.flwd of Psec{domonas 0.09 + 0,04 missing
syringae pv. syringae,

Culture fluid ofP)l(Znthomonas sp. 0.29 + 0.10 0,12 + 0,01

Culture fluid of Uromyces 0,04 + 0.01 missing
galegae P15

From the above in table. 6 data shows, that the investigated phytopatho-
genic microorganisms significantly reduce the nitrogen-fixing activity and soa-
king of bubbles in liquid culture Pseudomonas syringae pv. syringae and Uro-
myces galegae P15 nitrogen fixation is absent. As the results of a pot experi-
ment, plants galega that were grown from seed inoculation of Pseudomonas
syringae pv. syringae and Uromyces galegae P15, significantly lagged behind
the controls.

According to the data presented in table. 6 plant height decreased by
31.9% or more, above-ground mass of plants in terms of dry matter decreased
by 25.7 and weight of the root system - by 24.6% compared with a control
option. Inoculation of seeds galega by active strain of rhizobia Rh. galegae L2
somewhat mitigated the negative impact of pathogens on plants.

Investigating biological value of protein of green mass galega east we iden-
tified 18 amino acids including all essential.

Table 6. The structure of the crop galega east by inoculation with nodule bacteria
and pathogenic microorganisms action

Quantity, pcs

. Plant Mass of 1000
Variant height, stems | Pudson | beanson | seedson seeds, g
cm the stem stem beans
Control (inoculation RA.
Galegae I12) 131,1 16 8 160 5 8,8
Culture fluid of Ps. 75.0 9 4 87 5 56

syringae pv. syringae,
Culture fluid of Ps.
syringae pv. 89,3 11 5 101 3 6,1
syringae+Rh. galegae J12
Culture fluid of
Xanthomonas sp. P14
Culture fluid of
Xanthomonas sp. P14 + 81,2 8 7 95 3 5,6
Rh. galegae N2

69,8 7 6 79 2 5,7
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Culture fluid of
Uromyces galegae P15 57.8 8 5 76 3 54
Culture fluid of
Uromyces galegae P15 75,4 10 7 81 3 6,0
+ Rh. galegae 12
HCPy 5 13,4 0,5

It is shown, that the presowing inoculated of seeds of galega east Rh.
galegae L2 sharply increased the number of glutamic acid oll varieties studied,

but the better stood of sort Kavkazkiy branets (tab. 7).

Presowing seed inoculation of galega east led to increased amounts of

amino acids (especially the sort Kavkazkiy branets).

Table 7. Amino acid composition of the protein of different varieties of green mass

galega east with presowing inoculation Rh. galegae L2 and for the actions
of phytopathogenic bacteria Ps. syringae pv. syringae

Sort of galega
east

Variant

Glutamic acid

Aspartic acid

Essential amino
acids

The amount of
amino acids

Kavkazkiy
branets

Salute

Donetskiy 90

control
without
inoculation

inoculation
Rh. galegae
L2

inoculation
Ps. syringae
pv. syringae

inoculation
Ps. syringae
pv. syringae
+ Rh. gale—
gae L2

control
without
inoculation

inoculation
Rh. galegae
L2

inoculation
Ps. syringae
pv. syringae

inoculation
Ps. syringae
pv. syringae
+ Rh. gale—
gae L2

control
without

inoculation

8,9

29,8

4,7

11,6

7,7

22,4

3,7

14,2

8,5

9,1

23,4

5,2

10,7

8,3

21,1

6,9

14,7

7,6

153,1

167,7

99,8

140,6

155,5

161,0

128,7

119,8

135,4

177,3

195,1

147,5

161,3

175,4

187,6

139,0

145,4

151,2
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inoculation
Rh. galegae 21,2 19,5 165,4 181,3
L2

inoculation
Ps. syringae 8,1 7,3 122,0 143,5
pv. syringae

inoculation
Ps. syringae 13,1 13,9 136,7 161,3
pv. syringae
+ Rh. gale—
gae L2

Researches of other sorts confirm this pattern, but in quantitative terms so-
mewhat inferior sort Kavkazkiy branets. Number of glutamic acid, aspartic acid,
and the amount of amino acids decreases sharply when a bacterial infection As.
syringae pv. syringae. Presowing inoculation of seed of galega leveled the
effects of phytopathogenic bacteria, but a full recovery of individual amino acids
and their amount is not happening (table 7).

Conclusions

Pests and diseases, such as insects, fungi, bacteria, mycoplasma cause sig-
nificant harmful effect of galega crops, their pathogenic effect leads to a dec-
rease in the yield of green mass of galega in the 32-42% and 15-30% of seeds.

We have found that the main bacterial pathogen galega is Pseudomonas
syringae pv. syringae, which affects all parts of terrestrial plants, defined a
number of symptoms of plant injury that were caused by bacterial plant
pathogens.

We conducted a bacteriological analysis of samples of affected galega. Re-
vealed and described strains of Pseudomonas sp .. As biochemical parameters
allocated isolates can be identified as Pseudomonas syringae or Pseudomonas
savastanol. We characterized also other potential pathogens of bacterial
diseases of legumes, which can affect and galega.

We have also found that the most common fungal diseases galega is rust,
brown spot, ramularia, cercospora blight, this despite the fact that the galega is
considered sufficiently resistant plant. These diseases are characterized and
illustrated by us.

The positive effect of inoculation on plant growth galega of the second year
of life: the roots of the inoculated plants in the phase of budding on 7.7 cm
longer in comparison with the control, and in the phase of full bloom - 9.2 cm.
The height of the aerial organs in the phase of budding on 10.5 cm longer in
comparison with the control, and in the phase of full bloom - 28,1sm. After all
the inoculated plants had 1.5 greater nodule bacteria. Presowing inoculation of
seed by biologic nodule bacteria also increased the yield of galega seeds by
52.7% relative to the control. The harvest of green mass is also received on
45,3% more than the control.

Study the direct influence of the culture liquid filtrate Pseudomonas syri-
ngae pv. syringae, Xanthomonas sp. P14 and Uromyces galegae P15 on sym-
biotic system of Galega oritntalis L. - nodule bacteria showed that under their
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influence decreased nitrogenase activity bubbles compared to the control
variant.

Phytopathogenic microorganisms which we was studied, greatly reduced
the nitrogen-fixing activity. And while soaking bubbles in liquid culture Pseudo-
monas syringae pv. syringae and Uromyces galegae P15 nitrogen fixation is
absent.

Inoculation of seeds galega by the active strain of nodule bacteria RA. Ga-
legae L2 softened the negative impact of plant pathogens in the galega plants.

Studies to determine the biological value of protein of green mass of galega
by us was identified 18 amino acids including all essential. It is shown, that in
of preseeding seeds of galega by the RA. galegae L2, dramatically increased the
amount of glutamic acid, in all studied varieties, but the better sort of stood
Kavkazkiy branets.

Thus, in a highly infectious load is observed to increase the spread and de-
velopment of the disease and reducing the effectiveness of the Rhizobium-
legume system. This led to the inhibition of plant growth, as evidenced by the
reduction in aboveground mass galega, weight and quality of its roots in
comparison with control variant.
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INFLUENCE PLANT PATHOGENIC BACTERIA AND FUNGI ON THE EFFICIENCY OF THE
SYMBIOTIC SYSTEM RHIZOBIUM GALEGAE — GALEGA ORITNTALIS L

Summary:

The article highlights the impact of of phytopathogenic bacteria and fungi on the
efficiency of the symbiotic system Rhizobium Galegae - galega (Galega orientalis L.).
Established by us main bacterial pathogen galega - Pseudomonas syringae pv. syringae
is characterized. Basic properties and diseases that it can cause, as well as the
peculiarities of these diseases is described. Bacteriological analysis of the affected of
galega samples that collected in the Vinnytsia region is given. The isolates which have
been allocated is characterized. Physiological and biochemical properties of bacterial
pathogens galega shown. The most common fungal diseases of a eastern galega,
which us determined, illustrated and described. The most common fungal diseases of
a eastern galega, which by us determined, illustrated and described. Influence of the
dominant of phytopathogenic bacteria and fungi of eastern galega on symbiotic system
Rhizobium galegae - galega is described.
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0. MAKLYUK
National Scientific Center

OPTIMIZATION OF THE ECOLOGICAL STATE AGROCENOSES
BIOLOGICALLY ACTIVE SOIL

Annotation:

It was made analysis of soil modern ecological state agriculturally used areas of state
under using different levels of anthropogenic load. Proved, that optimize of the soils
ecological state should be done by the natural biological potential of soil The principles
of organic farming contributing to environmental sustainability reproduction of soll
through a balanced supply of nutrients to plants, optimizing the of the soil biological
activity, preserving land and other natural resources.

In addressing environmental issues, creating sustainable development of
agricultural production and generally agrosphere in our country acquires a spe-
cial significance a sustainable use of biological soil quality, characterized by fer-
tility, pest status, the impact on the environment, reproduction and stability in
the interaction with the natural and social economic factors.

During a long intensive use of soil the organization and functioning of soil

biota has been under impact of the complex of negative factors, particularly the
spread of anthropogenic erosion, pesticide residues, which are found in 50-60%
of samples of soil and 30-35% of samples of plants contamination with heavy
metals, radionuclides. This resulted in a substantial depletion of soil biocenoses,
minimizing and even the loss of its certain types of beneficial organisms. For
stabilization of biological processes in agricultural landscapes and agroecosys-
tems it is essential to monitor the biological condition of soil, which involves fo-
recasting of the environmental strategy processes in the soil, determination
biodiagnostic indicators for constructing models of sustainable agro-ecosystems
and their formation.
But in solving environmental problems of land use it is impossible to achieve a
complete elimination of anthropogenic pressure on land and soil today and in
the near future. There is a need for establishing acceptable limits of human im-
pacts on soil, including on soil biota, which is a leading factor in the formation
of its fertility. Therefore, the ecological state of soils of agricultural lands of the
country requires a comprehensive assessment of the different levels of anthro-
pogenic load.

Measures aimed at using of natural biological potential of the soil, are the
significant contribution to solving the problems of preservation of soil fertility in
general and in the search for additional optimization of feeding sources of crops
in particular. At the biologically active soils the crops are provided with a set of
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typical botanical species of microorganisms, get nutritious feeding, and there-
fore realize their genetic potential for yield.

Thus, the optimization of the ecological state of soils should be done by in-

creasing the activity of biotic component, and in these following areas:

e Comprehensive and systematic examination of biological quality of the
soils of different climatic zones of Ukraine;

e Organization of agroecological and problem-oriented monitoring with bio-
logical binding component; development of scientific and methodological
approaches to the organization and their practicing;

e Coordination of work on formation of information-analytical database on
the state of soil biota in modern natural and agrocenoses for forecasting
of the orientation processes of the soil formation and prevention of bio-
degradation in the soail;

e Versatile study of specific and functional biodiversity of the soil (not only
limited to certain biotic group, for which methods of cultivation are cur-
rently developed);

e Regulatory support of monitoring of the level of permissible anthropo-
genic load on soil biological systems and development on its basis of the
renewable agricultural technologies with maximum use of soil natural
microbiological potential;

e Support of technical supply, which today must meet the requirements of
modern research in molecular and genetic level;

e Organisation of information and advisory activities network for a wide in-
dustrial implementation of scientifically based ecologically stabling
agricultural measures and innovations in this direction.

There is a growing attention to biologics in developed countries, due to the
urgent need to obtain full and biologically safe food and biological recovery of
agrocenoses. They are produced by all countries in the world - producers of
grain (there are recorded over 300 biological remedies that produced by over
80 companies). Attention to biological products caused by the annual 15%
growth of new synthetic organic products that continue to pollute agrocenosis,
which greatly reduces their biological productivity. World practice of biologics
takes into account two fundamental advantages: increasing plant productivity
without the cost of non-renewable resources and lack of harmful emissions into
the environment. Biologicals are suitable for use at any stage of plant develop-
ment, as well as during storage when the use of chemicals significantly limited
by sanitary requirements.

According to the forecast of scientists around the effects of warming in the
regions where they grow corn, will lead to a growing share of the dry summer
to 80%. Under such conditions, there is a change of dominant crops and crop
varieties, and change field parameters harm populations of existing traditional
types of pathogens. Therefore there is a need to develop technologies with gro-
wing / crop varieties, along with the construction of agricultural crop protection
and development of biologics and riststymulyuvalnyh given variable agro-cli-
matic conditions for global warming. At the time of creation of biocontrol of ag-
ricultural pests crops, especially cereals and fruit; organization monitoring my-
cotoxin contaminated products.
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Biological agents are a significant promise in the search for alternative
methods of plant protection. According to the forecast, the global market for
Biopesticides in 2020 will increase to 50% of total market of pesticides. In the
US, according to the federal program the use of Biopesticides in 2010 will
increase by 20-25%. But today the world's use of biologics is only 2% of total
pesticide use, in Russia - 0.3%, in Ukraine - about 1% (although in some areas
like Cherkasy region, in particular years, this figure increased to 30-40%).

Thus, microbial technologies are a priority for the development of the state
agricultural sector. Among the priority tasks of modern strategy of biologics
creation are:

Nationwide determination of the need in biologics and their desired
performance;

Identification of biologics by clearly defined indicators that would provide
an opportunity to assess each bioproduct and practical way to use it
following the same parameters (cost of production, characteristics of
potential and actual safety, compatibility with other bioproducts and
pesticides in an integrated system of protection, cultivar and species
specifity display of efficiency in different agricultural crops, the ability to
reduce the rate of genetic variability of target pathogens, etc.);
Development of specific criteria of bio-agents standardization in terms of
genetic certification, biosafety in technology use, biochemical composi-
tion (now there is a growing interest among the farmers in independent
development of soluble drugs from biocompost, so it is particularly impor-
tant to determine the parameters of the biochemical composition of bio-
logical products, where the availability of proteins, carbohydrates, vita-
mins can be good and nutritious substrate for pathogenic organisms);
The creation of biologics and technologies of their application on the ba-
sis of continuous monitoring of the soil microbiocenosis, vegetative plants
and grains, which will allow to change quickly, adequately recipes of bio-
logics and to define the chains of their application technologies;
Development of technical regulations for applying Bio pesticides, biologi-
cal control agents, biological products;

Increasing of production and economic benefit through the combination
with other bioproducts or new technologies (T-Tape system drip irriga-
tion);

Providing of multifunctional action of bio-agents, ie antypatohennoyi ex-
pansion of the bioproduct effect on a wide range of fungal pathogens,
bacterial and viral diseases;

Use protective biological products with added probiotics properties that
will not only protect, but also improve the usefulness of biological crop
production;

Ensuring the ability of bio-agents not only to inhibit the target patho-
gens, but also to survive in stressful agro-climatic conditions;

The creation of biological products that would feature detoxification of
toxic metabolites of pathogens (it consumes 40% of a plant’s energy);
Organization of biological products use technology as an integral link in
growing crops in ecologically sound farming systems, storage of grain
and other food crops at all stages of the production cycle (potato tuber
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treatment before storing reduces the development of microbial spoilage
3-4 times, carrots - 2-4 times depending on the variety, type of treat-
ment and microorganism strain, provided that quality indicators of pro-
duction are reserved - the reduced loss of vitamin C in the potato tubers,
enhanced schedule nitrates).

The economic feasibility of using soil microorganisms is confirmed by the
practice of agricultural production in many countries.

Ecologically sound farming systems are oriented on the cultivation of high-
quality crop production without disturbing the ecological balance in agricultural
landscapes, with maximum use of the biological potential of the soil. Moreover,
in many regions of Ukraine there is a problem of children and diet food produ-
ction. In connection with this the interest in solving the problems associated
with the cultivation of environmentally friendly products has increased.

The basic principle of organic farming is to ensure soil fertility and reprodu-
ction by a balanced supply of nutrients to plants, optimizing the biological act-
ivity of the soil, preserving land and other natural resources needed to produce
organic products.

Organic production in European countries is actively developing and gradu-
ally turns into an important factor in agricultural activities. Currently, the total
area of agricultural land occupied by growing plants without the use of ag-
rochemicals in the world is about 30.5 million hectares, in Europe - 7.6 million
hectares. Over the last decade, the area of such lands in some European
countries have doubled: in Denmark - from 5% to 10%, in Germany - from 4%
to 7%. Currently, the capacity of the world market of environmentally friendly
products according to various estimates is around 3.5 - 4.5 billion US Dollars.
Organic farming has transferred from an amateur to a separate commercial
area with multibillion turnovers, with significant support at the state level.
However, Ukraine has significant potential for the production of organic agricul-
tural products, the actual area that can be used for organic farming, according
to preliminary estimates range from 4 to 8 million hectares; to acknowledge the
products as organic products there must be a transitional phase up to 3 years,
but according to the conclusion of the certification company Skal Internetional
Ukraine need not to adhere to such a long period of transition from convention-
nal to organic farming systems, which greatly intensifies this process in the
country; a demand for environmentally friendly products is growing, despite its
high price (now Ukraine 3-5% of the population). There is every reason to
believe that this trend in agriculture across numerous and diverse environment-
tal concerns and desires of the population consume valuable products will be
developed in Ukraine.

To increase productivity, ensuring crops mineral nutrients, to combat pests
and weeds the active use of the effect of crop rotation, organic fertilizer (manu-
re, compost, crop residues, green manures, etc..), different methods of cultiva-
tion, biological products and so on are proposed. The problem of shortage of
nutrients in the organic farming is of fundamental importance. Disclaiming tra-
ditional types of fertilizers that allow you to get the highest return at the same
time and simultaneously provide non-deficit balance of nutrients, leads to sear-
ching other ways to ensure the sustainability of soil fertility.
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It is no less important is considered a creation of complex cultivation bio-
technologies of high-performance crops that differ from the predecessors by
higher degree of saturation with biological methods of improving soil fertility, a
wide range of doses and ratios of the main nutrients in fertilizer system. Biolo-
gicals are an additional source of increasing soil fertility and crop yields, so you
can reduce the rate of fertilization at 25-55% and replace up to 10-20 kg nitro-
gen (under favorable conditions, bacteria can satisfy biologics plant in nitrogen,
which is normally 20- 60 kg / ha).

According to the requirements of organic production for a positive impact
on soils, biodiversity preservation, biotic intensification of soil it is essential to
expand research in the direction of biological diagnostics of modern natural and
agrocenoses, because soil organisms in particular are sensitive indicators of
changes in groundwater regimes and the emergence of degradation processes
in soils.

Thus, conservation and improvement of soil fertility is the key technology in
implementing organic farming, which in turn is aimed at achieving environment-
tal sustainability of modern agrocenoses. Measures that achieve this goal in-
clude:

e optimization of allocation of agricultural crops within each borders of
each farm;

- effective use of avaialble organic fertilizer resources (manure, peat and
peat-humus compost, sapropel organic waste processing of agricultural
products, etc.);

e« farming biologization advantage by expanding perennial grasses crops
and implementation of the bacterial bioproducts, increasing green
manure crop areas;

e restoration of planned chemical soil recreation using local deposits of
limestone, chalk and marl;

e use of local raw materials to improve soil fertility (sapropels, phosphates,
zeolites, glauconite, fosfatshlak, defekat et al.);

e termination of the unreasonable expansion of areas under sunflower,
which leads to further deterioration of the phytosanitary condition of the
soil, through the introduction of alternative oilseed crops - soybean, ra-
peseed, mustard, flax oil, etc .;

e full implementation tillage, wide-tillage tools, technology of direct see-
ding minimization modes;

e contour area of land-use implementation that provides optimization of
the natural environment in the catchment area, or ravine-beam system;

e  bring water protection and field protection area of woodland to optimum;

e comprehensive restoration and maintenance of a unified system of tree-
belt areas as an important means of stabilizing agricultural landscapes
and consolidation of field boundaries (for conservation of the area eco-
balance and improvement of productive farmland properties).

Now to address the lack of control over cultivation and for the purpose en-
vironmental condition evaluation of agricultural products it is possible to intro-
duce the development of environmental passports for all producers that will be
the basis for permitting the sale of products and pricing.
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However, assessment of suitability of land and facilities provided by the
certification bodies shall be made on the findings of the relevant scientific insti-
tutions. Therefore, the task of development of scientific bases for organic far-
ming Ukraine is set before scientists. Works of identifying areas suitable for
organic production requires a detailed study of soil and climatic conditions (soil
fertility, signs of degradation, including chemical-related pollution by toxic ele-
ments, radionuclides, resistance to soil pollution, etc.), location industrial and
other facilities that can be a source of contamination of agricultural land with
harmful substances and others.

Thus, an important component of modern research should be soil-agroche-
mical and soil-environmental studies, including the following:

Assessment, zoning and regulation of suitability of ground conditions for
organic farming and gardening;

To require the environmental conditions and soil fertility, where organic
products are grown;

Development of methods for integrated assessment of ecological status
of objects of agricultural and forestry designation for their suitability for
organic production;

Assessment of natural sources of increasing soil fertility and the deve-
lopment of non-chemical (alternative) ways of their maintenance;

The balance of biogenic nutrients in organic farming background (this
issue is one of the most important, because the background of existing
in Ukraine negative balance of main nutrients plants introduction of
organic farming may worsen the situation);

Modeling and forecast changes in the properties and soil fertility under
different scenarios of organic farming.

These steps will contribute to creation of extremely necessary conditions for
sustainable use, restoration and management of groundwater resources of the
country without saving which the country's development is not possible.

References

[1]

[2]

[3]

[4]

[5]

70

Kennedy Ann. C., Gewin Virginia L. Soi/ microbial diversity. Present and future
cousiderations. Pa3Hoobpa3ne noyYBeHHbIX MUKPOOPraHM3MOB: COBPEMEHHbIE U
6yaywme pacyetsl // Soil Sci. — 1997. -Vol. 162, N2 9. — P. 607-617.

Chaussod R. La quality biologique des soils: Evaluation et implications. Buono-
rmyeckoe KayecTBo MouB: oueHka M BbiBodbl // Etude et gest. soils. — 1996.
Vol. 3, N2 4, — P, 261-277.

Patyka V. P. Scientific concept sustainable development aerosphere of Ukraine
// Agroecology journal. - 2002. - N2 2. - P. 10-14.

Kadyrov M. A. Selection of main agricultural crops in Belarus: state, problems
and priorities // Agriculture and protection of plants — 2005. - N1 (38). — P. 17-
20.

Morgun V.V. Physiology of plants in Ukraine at the turn of the millennium I/
Scientific notes. Series: biology. Special no. "Physiology of plants”, 2002. - N2 3
(18). - P. 3-15.

Opole 2016



[6]

[7]

(8]

[9]

[10]

Miroshnichenko N. M, Fadeev A.l., Samokhvalova V.L. Threshold levels of toxic
heavy metals for the agricultural crops // Bulletin of Agricultural Science. -
2001. - N°11. - P. 61-65.

Maklyuk O.l. Optimization of the soil biological condition // Strategy of sus-
tainable using, restoration and management of Ukraine soil resources. Edited
by the S.A. Balyuk, V.V. Medvedev - Kyiv, Agricultural science - 2012, p. 111-
115.

Microbial Biotechnology in the Agriculture / V.N. Smirnov, V.P. Patyka, V.S.
Podgorskyy, G.A lutynska // Agroecology magazine. - 2002. - N2 3 -C 3 - 9.

Microbial preparations in agriculture. Theory and Practice. / [V.V. Volkogon
A.V., Nadkernichna, T.N. Kovalevskaya et al.]; Edited by the V.V Volkogon. -
Kyiv.: Agricultural Science. - 2006. - 312 p.

Maklyuk O.1 Organic farming in Ukraine. international experience, problems and
prospects / O.1. Maklyuk // Agrochemistry and soil science. - 2014 - Spec. Issue
IX for Congress UTT'A (June 30 - July 4, 2014, Mykolayiv). - Book. first. - P. 75 -
86.

BinomocTi npo aBTOpa:

1. Makntok OneHa IBaHiBHa, K.6.H., C.H.C., 3aBigyBay nabopaTtopii Mikpobionorii rpyHTiB
HHL|, «IHCTUTYT r'pyHTO3HaBCTBa Ta arpoximii imeHi O.H. COKoMoBCbKOro», M. Xapkis,
YKpaiHa

1. Maklyuk Olena, PhD, Senior Researcher, Head of the Laboratory of the Microbiology
of soil, National Scientific Center "Institute for Soil Science and Agrochemistry Research
named after O.N. Sokolovsky", Kharkiv, Ukraine

Monografia 71



D.I. MASLENNIKOV®, T.G. TKACHENKO", J. GAJDA?
Y Kharkiv National Agrarian University named after V.V. Dokuchayev
% Independent Department of Process Engineering, University of Opole

MATHEMATICAL MODEL OF MICROCLIMATIC
PECULIARITIES IN TEMPERATURE CONDITIONS

Statement of the problem in general aspect and its connection with
important scientific tasks

Climatic change is one of the most signifycant problems in the sphere of
environment protection and balanced nature use. Climatic charge is concerned
with increase of technogenic factors influence cause the breach of natural
balance in the whole climatic system. Hence the changes of meteorological
guantities and the increase of atmospheric phenomena recurrence take place.
Owing to global climatic changes an environment protection is examined both
on the national and international levels. The results of instrumental meteorolo-
gical observations testify to climatic change. These changes are followed by
negative consequences both for economy and the whole mankind [1,2]. Natural
fluctuations of climate, its changes under the influence of heat effect gain
strength by anthropogenous activities of human. According to the estimates of
Intergovernmental climate change experts group any climatic change is the re-
sult of natural changeableness and anthropogenous activities of human [3-5].
An absolute necessity to estimate climatic changes on the territory of Ukraine
arouse. It is connected with the fact that the peculiarities of transformation in
climatic field of air temperature near the soil surface during the last century are
known [6]. Modern researches testify to the variety of characteristic fluctuation
in climatic system which combines atmosphere, hydrosphere, cryosphere, bio-
sphere. Complication of connections in climatic system, change of its compo-
nents cause climatic change on the Earth. Heat condition of atmosphere is cha-
racterized by thermal conditions of active atmospheric layer and is expressed
interacting with an ocean and waterless valley [1,4,5,7]. It has been ascer-
tained that the global air temperature near the soil surface raised at 0,6+0,2°C
during the XX century. Rise in temperature was the most substantial during the
last 1000 year, and the recent years were the warmest ones [1].

On the territory of Ukraine the heat distribution is stipulated by geogra-
phical position, radiation balance, atmospheric circulation in the close interact-
tion with a covering surface. The influence of physical and geographical factors
is not equivalent. It causes the variety of temperature contrasts. On the exam-
ple of instrumental meteorological observations which were carried out at the
meteorological stations (MS) in Kharkiv and Rogan (the experimental field of
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KhNAU) the peculiarities of the temperature conditions are considered under
the conditions of global and regional climatic changes.

Analysis of the latest researches and publications

Many scientists study climatic problems [8-12]. M.l. Shcherban, O.V. Shak-
hnovich, A.O. Wilkinson began microclimatic researches in the 50-s, [13,14].
G.P. Dubinskiy and A.D. Babich researched the microclimate of irrigated fields.
The peculiarities of regional climatology and separate zones and areas in
Ukraine were studied by Y.A. Burman, O.M. Rayevskiy, K.V. Golub, I.1. Kalinina,
L.K. Smekalova, 0.0. Vrublevskaya, 1.K. Polovko, V.P. Popov, M.l. Shcherban,
V.l. Romushkevich, P.l. Kolesnik, P.l. Kobzistyi, G.D. Protsenko and others
studied some questions of climatic changes in separate regions [1].

The Climatic peculiarities of Kharkiv are formed in the result of microcli-
matic processes which arise in the natural and anthropologically changed land-
scapes. They interact with each other constantly. The differences of weather
conditions in urban and rural areas are stipulated by the nature of covering sur-
face and its heterogeneity chiefly. It gives an opportunity to show microclimatic
heterogeneity of covering surface — relief, roughness of urban areas with the
higher level of air pollution, forest, rivers, forest shelter — belts agricultural field,
etc. Microclimatic peculiarities of meteorological quantities and urban building
were examined in the works of scientists [15,16] anthropogenous influence of
urban areas on microclimate formation is conditioned by industrial production
work of transport, thermoelectric power stations. Quantitative active indices of
meteorological quantities depend on gaseous and aerosol emissions into the
atmosphere an urban area has an influence on microclimate by means of
change in the covering surface and pollution of atmospheric layer near the soil
surface. So, in the work [17] it was noted that the difference between an urban
air temperature and rural one depended on the amount of population when the
weather is quiet and cloudless. It is asserted that this aspect is typical for many
European and American urban areas and even for small villages where the
population is 1000 inhabitants. The diversity of covering surface is inevitable to
cause the change of turbulence characteristics, direction and speed of wind. It
means changes in water and thermal balance of an urban area. Roughness of
covering surface, convection intensity, crystallization nuclei have an essential
influence on cloudiness formation. Some specific conditions for solar radiation,
temperature rate formation, air humidity, rainfall conditions come into existence
in an urban area. Studying climate of big urban areas the scientists prepared
climatological characteristic of main Ukrainian urban areas during 80-90-s. So,
in the work [18] the microclimate of Kharkiv was researched. It should be noted
that he present territory experienced an anthropogenous load. Positive and
negative consequences of «a heat island» were described in works [15,16].
Under the conditions of the present climate the dates concerning steady change
of air temperature through 0, 5, 10, 15 °C in spring and autumn, dates of
climatic seasons change their duration, heating seasons period etc. [19,20]
have changed considerably.

The aim of the given research is the analysis of changes in the average
annual air temperature at MS Kharkiv and Rogan (the experimental field of
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KhNAU) during the observation period from 1968 to 2012. During the research,
the method of moving average, correlation and regression analysis, graphical
and mapping methods were used. Space and time variability of the average
annual air temperature was revealed with their help.

The results of the research

The time rows of the air temperatures for the period from 1968 to 2012
were analyzed to establish the dynamics of the average annual air temperature
at MS Kharkiv and Rogan (the experimental field of KhNAU). The average
annual air temperature at MS Kharkiv and Rogan (the experimental field of
KhNAU) are given in Table 1.

Table 1. Average Annual Air Temperature, °C MS Kharkiv and MS Rogan

Year 1968 1969 1970 1971 1972 | 1973 1974 | 1975 1976
T, °C, Kharkiv 7,1 5,9 7,5 7,5 7,7 6,9 7,4 8,9 5,7
T, °C, Rogan 6,7 5,9 7,3 7,5 7,7 7,0 7,4 9,0 5,6
Year 1977 1978 1979 1980 1981 | 1982 1983 | 1984 1985
T, °C, Kharkiv 7,0 6,3 7,4 6,0 8,5 7,2 8,5 7,1 6,5
T, °C, Rogan 6,9 6,3 7,6 6,2 8,7 8,5 8,4 7,0 6,1
Year 1986 | 1987 | 1988 | 1989 1990 | 1991 | 1992 | 1993 | 1994
T, °C, Kharkiv 7,5 51 7,1 9,3 8,9 7,8 7,7 6,5 7,6
T, °C, Rogan 7,2 4.7 6,8 9,0 8,9 8,1 7,8 6,4 8,9
Year 1995 | 1996 | 1997 | 1998 1999 | 2000 | 2001 | 2002 | 2003
T, °C, Kharkiv 8,3 7,1 7,0 8,0 9,5 8,7 9,2 8,9 7,3
T, °C, Rogan 8,3 5,9 6,5 7,6 8,8 8,1 7,8 8,4 7,5
Year 2004 | 2005 | 2006 | 2007 2008 | 2009 | 2010 | 2011 | 2012
T, °C, Kharkiv 8,5 8,7 8,1 9,6 9,2 9,2 9,8 8,5 9,4
T, °C, Rogan 7,2 6,8 8,1 9,5 9,1 9,0 9,8 8,0 9,2

The distribution of the average annual air temperature at MS Kharkiv and
MS Rogan (the experimental field of KhNAU) is given in Picture 1 where the

ear 1968 is considered to be the first.
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Pic. 1. Dynamics of Average Annual Air Temperature at MS Kharkiv and Rogan
(the experimental field of KhNAU).

The equalization of the results by the method of moving average was made
to simplify the further calculations that allowed to get rid of random fluctua-
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tions. The changes of the average annual air temperature for the period from
1968 to 2012 were revealed. The average annual air temperature after equali-

zation is given in Pic. 2.
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Pic. 2. Dynamics of Average Annual Air Temperature after equalization at MS Kharkiv
and Rogan (the experimental field of KhNAU).

The tendency of the average annual air temperature increase at meteoro-
logical stations Kharkiv and Rogan (the experimental field of KhNAU) is obvious
in Pic. 2. The further assessment of the climate trends was carried out by the
methods of correlation and regression analyzes. The correlation coefficients for
the average annual temperatures after equalization were found. So, for Kharkiv
the correlation coefficients are

ren, = 0,786 (1)
and for Rogan (the experimental field of KhNAU) correspondently
e = 0,617 )

Testing the significance of the correlation coefficients was carried out using
t — the criteria of Student. Assuming that the null hypothesis Hy equality to zero
of correlation coefficient r = 0, and the alternative H;- inequality to zero r+0,
the criterion value for Kharkiv City was received tg;=8,34, for Rogan (the

experimental field of KhNAU) tp= 5,14. By the significance level a=0,95 the
critical value of the criterion is .= 2,014. Thus, in both cases, there is reason

to reject the null hypothesis and accept the alternative one. The presence of
the average annual temperature dependence by the time is proved. The
equation of a straight regression line was recorded to find the analytical
expression. So for MS Kharkiv it takes the following form:

x =0,053t+ 6,590 (3
for MS Rogan correspondently (the experimental field of KhNAU):
x = 0,039 + 6,726 (4)

where — the appropriate average annual temperature,’C; t— time, year.

In formulas (3) and (4) the coefficients show that on average per year
during 45 years of observations, the average annual temperature increased in
Kharkiv City on 0,053°C, and in suburban area Rogan (the experimental field of
KhNAU) on 0,039°C. Overall, during the period of the instrumental observations
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from 1968 to 2012 the average annual temperature increased on 2,39°C for
Kharkiv City and on 1,78°C for Rogan (the experimental field of KhNAU).

The calculations indicate the existence of a "heat island”, in which there is
an increase of the temperature background in the city compared to the
suburban area. So the city warms more and cools more slowly, giving heat.
Great heat capacity of the building materials, the dark asphalt of the city
significantly influence the surface albedo, change thermal storage. Changing of
the temperature in Kharkiv City corresponds to the general laws inherent for a
temperate climate.

The deviation values calculated from the regression equation from the me-
asured average annual temperatures were analyzed during the research. The
dynamics of the given deviations on MS Kharkiv and MS Rogan (the experi-
mental field of KhNAU) are shown in Pic. 3.
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Pic. 3. Dynamics of Deviations of Average Annual Air Temperature from
Straight Line of Regression at MS Kharkiv and MS Rogan
(the experimental field of KhNAU).

The dynamics of changes in the annual air temperature repeats periodic
fluctuations. Therefore the approximation of the above mentioned deviations by
the method of the least squares was carried out. The trigonometric function
was chosen as the unknown quantity

Ax = asinwt + bcoswt (5)

where Ax- the deviations of the average annual air temperature from the
straight line of regression, — the cyclic frequency, T — the period of fluctuations,
a and b — the constant coefficients, ¢ — time in years, where the year 1968 is
considered to be the first.

The studies show that the deviation of the average annual temperature
from the straight regression line describes the fluctuations with a period T = 9
years to the best advantage, and the coefficients of the function (5) in this case
are as follows: for Kharkiv

Ax = —0,388s5in0,698t — 0,363¢0s0,698t (6)
for Rogan (KhNAU experimental field)
Ax = —0,589s5in0,698t — 0,387 cos0,698t (7)
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The diagrams for theoretical meanings of the deflections of an average
annual air temperature from the measured and calculated ones with the help of

the formulae (6) for MS Kharkiv (7), for MS Rogan (KhNAU experimental field)
are given in picture 4 and 5.
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Pic.4 The dynamics of the deflections of an average annual air temperature
from the regression straight line for MS Kharkiv.
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Pic.5.The dynamics of the deflections of an average annual air temperature
from the regression straight line for MS Rogan
(KhNAU experimental field).

Combining the formulae (3) and (6) as well as (4) and (7) we get accor-
dingly for MS Kharkiv

x = 0,053t + 6,590 — 0,3885in0,698t — 0,363c0s0,698t 3
for MS Rogan (KhNAU experimental field)
x =0,039t+ 6,726 — 0,5895in0,698t — 0,387c0s0,6981 )

It should be noted that the oscillation amplitude for Kharkiv is 0.531 °C and
for Rogan it's 0.705 °C. We can observe faster rise of the air temperature in the
city than in the country but it fluctuates less from the average meaning. In the
Picture 6 and 7 the comparative meanings of the theoretical average annual air
temperature are presented which are calculated according to the formula (8)
and (9) and measured for MS Kharkiv and Rogan (KhNAU experimental field).
In most cases i.e. in the winter, spring and at the beginning of summer the
temperature rise is observed in some regions of Kharkiv in comparison with
Rogan countryside territory.
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Pic.6.The comparison of the theoretical average annual air temperature
with the measured one for MS Kharkiv.
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Pic.7. The comparison of the theoretical average annual air temperature
with the measured one for MS Rogan (KhNAU experimental field).

The calculating of the active temperature sum in the region proves the ten-
dency of the air temperature rise. The sum of temperatures tells about the pro-
viding the territory with warmth and has biological and physical sense. Besides
the sums of temperatures is used to express the need of agricultural crops for
warmth. It is also used for the forecast of plant diseases and pests. Thus the
meanings of the sum of the air temperature have risen up to 3000°C and higher
and this hastens the behavior of the plant phonological phases.

Conclusions

The thermal state of the atmosphere is one of the climatic system compo-
nents which is characterized by the temperature rate. So at the meteorological
stations of Kharkiv and Rogan (KhNAU experimental field) the rise of average
annual air temperature is observed. The most significant air temperature chan-
ges happen in winter and spring seasons and one should take it into conside-
ration while doing any kind of agricultural or agro-technical work.

The rise of average annual air temperature in the city of Kharkiv is connec-
ted with the tendency of the rise of anthropogenic effect on the natural en-
vironment. The effect of the city on the formation of the temperature rate is
conditioned by the change of the underlying surface. The additional discharge
of heat from transport and industry should be also taken into consideration.
The size of the "heat island" may change under the influence of weather con-
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ditions. The largest effect is revealed in the conditions of anticyclone type of
weather. The local conditions (relief, the type of underlying surface) influence
considerably the specific features of air temperature formation over the city.
Microclimatic features of the city and industrial regions should be taken into
account to use the nature rationally. It is determined that the average annual
temperature in the city of Kharkiv has gone up 0.053°C for the last 45 years
and in the country, on the territory of Rogan (KhNAU experimental field), it has
gone up 0.039°C.On the whole for the period of the tool observation from 1968
till 2012 the average air temperature in the city of Kharkiv has gone up 2.39° C
and 1.78°C in Rogan (KhNAU experimental field).

The researches held prove the existence of the "heat island" where the rise
of the temperature background in the city is observed in comparison with the
country side territory. The consistent air temperature rise, long lack of rains,
low air humidity, dry winds, atmospheric and soil drought induce scientists and
specialists in agriculture to develop the system of agro-technical and land im-
provement measures directed to the crop and varieties choice, explanation of
agro- and phyto- technologies and introducing irrigated farming.
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ENVIRONMENTALLY SUSTAINABLE SOCIETY IN THE
FUTURE - REALITY AND PROSPECTS

Modern society is undergoing noosphere environmental crisis that can have
global and catastrophic consequences. Noosphere is mortal like all living orga-
nisms, and a man with the latest technologies, economic, social, psychological
characteristics is only a tool for the implementation of a cycle birth - growth -
aging - death noosphere [6].

Negative changes in the environment, biosphere pollution, global climate
changes, unceasing depletion of non-renewable natural resources, loss of bio-
diversity, extinction of many species and ecosystems, deforestation, soil degra-
dation, desertification, decreasing food production occurs at a rate that have
not observed yet.

It gradually increases the understanding of destroying the environment and
human society destroys its own future on all continents of the Earth, in all co-
untries. Is there a way out? How do we create an environmentally sustainable
society? What is the concept of "sustainable development"? From the English
language the "sustainable development” means several related definitions as
"acceptable™,”’non-renewable resources”, "balanced", "sustainable”, "stable" and
so on. Another word, the development does not cause irreversible changes in
the conditions of existence and non-renewable resources do not use for proper
living of future generations.

Now widely used term is "environmentally sustainable™ and "environmen-
tally balanced development”. It means strong unity environmental and econo-
mic conditions of society need to ensure the stability of the human being in
order to provide keeping stable economic dynamics of society and acceptable
life quality of the majority population [2].

Sustainable development is the formation and development of social rela-
tions in which the environmental impact remains within the economic capacity
of the environment, preserves the natural basis not only to create the economic
basis favorable to life, but the optimal conditions for the existence of all biodi-
versity. The concept of sustainable development is an example of systematic
recognizing present and future problems of humanity, constructive prediction of
new technologies and forms of large and small societies.

For the first time the transition to sustainable development has been pro-
claimed by the UN Conference on Environment and Development (Rio de Ja-
neiro, 1992), where representatives of 179 countries in the world have defined
it in "Agenda XXI" as the strategy of the existence of our planet. It sets out the
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basic principles governing the right of all peoples to development and their res-
ponsibilities to preserve optimal living environment.

The designing of the environmentally sustainable future requires some mo-
dels of the future. If you do not use the minerals as an energy source, what
can replace them? How to feed a growing world population? If today's use of
wealth leads to environmental pollution, reduction of natural resources, so how
can we satisfy our starving requirements? In general, if our current path is so
obviously dark, what model of the future can be a humanity guide towards so-
ciety that won't be self-destructive?

There is no model of sustainable society among existing states nowadays.
The new society should correspond to certain criteria that based on the accu-
mulated experience, but it must be fundamentally different from modern socie-
ty and succeeds it.

Environmentally sustainable society is a society that consciously and opti-
mally satisfies its needs and does not compromise the interests of future gene-
rations and the biosphere as a whole [3].

From this definition follows the responsibility of each generation to ensure
the subsequent generation with natural and economic resources. Modern so-
ciety is constantly violates the principle of balance between the generations, so
radical changes should be implemented immediately. It is believed to have
done in 40 years by 2055.

Obviously, food production depends on the economy which is negatively
affecting on the environment and causing global climate changes. This econo-
my cannot be sustained. It is known that the climate stabilization largely de-
pends on reducing carbon emissions to two billion tons a year, that is 1/3 the
current volume. Due to population growth, in 2030 the atmosphere should get
no more than 1/8 of the carbon mass attributable to a European early twenty-
first century. Therefore, the world economy should not use as fuel: coal, natural
gas, ore before 2030 [1].

Using nuclear and solar energy is known as the basis of the global economy
in the future. It is likely that the society will be abandoned the using of nuclear
energy because of many economic, social and environmental reasons.

Any commercial or military technologies are designed to release nuclear
energy and will be always a risk to human life and health. Each nuclear reactor
annually produces tons of radioactive waste; some of them are harmful for over
500,000 years. What the moral right do we have to leave such legacy to future
generations?

The greatest danger is nuclear weapon therefore the nuclear disarmament
is the first and the most important task today and it should be given absolute
priority.

Economic progress doesn't justify the accumulation of vast amounts of highly
radioactive material that cannot be neutralize and is unpredictable threat to all
living organisms within historical or even geological epochs.

What are the benefits of economic progress, if the Earth is contaminated
with substances that kill our children and grandchildren? In fact, whether have
we the wisdom needed for the safe handling of nuclear energy? If not (remem-
ber the Chernobyl accident) whether are we preparing a planetary catastrophe
in case of continuation the use of this energy? Overall, nuclear power engine-
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ering is far from cheapness, while the hidden cost of our well-being is immea-
surable [4].

In the future, humanity will use a variety of systems to use solar energy.

The direct use of solar energy will underpin sustainable global energy sys-
tem in the future. Solar energy is always in excess, more accessible than any
restorative or fossil energy source. Solar panels on rooftops will be an integral
part of the future architecture. Solar powers in deserts will become major ex-
porters of electricity with the development of technology. Perhaps they will
produce hydrogen fuel for use in cars.

Photovoltaic solar cells relate to semiconductor technology, which involves
the processing of sunlight directly into electricity without using mechanical pro-
cesses used in solar stations.

Photovoltaic coating for roofs have already been developed. The biggest
advantage is their versatility.

The use of photovoltaic cells is a step toward a solar revolution; their mo-
dernization can provide electrification of rural areas of the Third World.

Solar energy is multifaceted in nature. Depending on climatic and environ-
mental conditions in each region can be combined using energy. So, Northern
Europe could use wind and water power, while countries in South and Central
Europe, Africa, the Middle East, Asia can directly use the energy of sunlight.
Along with solar energy, most countries can use as a fuel, wood waste and
agricultural sector.

Wind energy is derived from solar energy, which is formed due to use
heating of different layers of the atmosphere of the planet. Wind turbines will
significantly increase the use of wind resources.

Hydropower, energy of tidal and ebb, remains an important source of ener-
gy. Hydro-power plant currently produces nearly 1/5 of total world electricity.
Hydropower is likely to be developed in the Third World, where its potential has
not realized yet.

The use of geothermal energy is very promising. This is the only renewable
energy that does not depend on the sun.

Another promising way of obtaining energy will be bioenergy, including
photosynthesis. Green plant is one of the most effective means of storing solar
energy. We can not only burn the biomass but convert to other forms of energy
due to bioconversion. Biofuel production can be achieved at the expense of
areas that are not unsuitable for agricultural production [1, 5].

Thus, world energy system will not resemble the present in the near future.
Additional measures allow using of fossil fuels and will improve cities, transpor-
tation systems and industrial facilities. Most of the technology needed to imple-
ment in practice, has developed and is cost effective, and latest technology will
be implemented soon.

By 2050, it is realistic to increase automobile fuel economy doubled, tripled
lighting efficiency and reduce by 75% the cost of heating. Modern world are
based on cars and road transport there was only the last few decades, but all it
is clear that the car was not a positive step in the social evolution of man. For
example, in the US under roads, parking place, etc. used more land than for
building housing. Americans spend in traffic jams one billion hours annually due
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to burning of 8 billion liters of gasoline. At present transport system must
change fundamentally, public transport should replace personal.

Cars, of course, will be in use for many years, but their importance will be
gradually reducing. In particular, the number of cars will decrease significantly;
in the cities will stay only electric cars and those who work for "hydrogen” fuel.
Ratio car: bicycle can be 10:1. Now in Denmark over 35% of all trips carried
out by bicycle.

Development of telecommunications will also help to save on transport. The
current demand in numerous business trips, traveling from place to place will
be changed by the use of electronic communications.

The property rights will be protected from the weather by the upgraded
insulation, which dramatically reduce the cost of heating and air conditioning.
Rationally designed building, designed for passive solar energy can reduce
energy consumption by 85%. The source of artificial lighting will be halogen,
fluorescent lamps, which consume significantly less power [4].

The industry also will be formed depending on the improvement of energy
efficiency, based on the use of resource-saving technologies. Materials, such as
aluminum, will be used in rare cases. They will be replaced by a less energy
intensive, particularly synthetic materials.

Unfortunately, the issue of energy efficiency has not yet become a major in
the field of environmental policy, although it is able to solve many environmen-
tal problems, while not slowing with economic development. Energy efficiency
will make it possible to preserve important natural resources and at the same
time provide the population with necessary energy.

Secondary resources have become the main raw material for the industry in
the future.

Industrial production will be mainly use due to the already existing
resources and fossil raw materials will be necessary only if the replenishment of
losses in industrial processes.

The first priority will be avoiding the use of materials, without which we can
do. The next challenge is recycling, processing of secondary resources to pro-
duce new and other products, and then burning dangerous secondary resources
for energy and, finally, disposal.

In future effective economic model, reducing hazardous waste and secon-
dary resources industry significantly replace the waste management system.
Currently, most of the material (about 2/3 of aluminum, 3/4 of steel, paper and
more plastic) is thrown after a single use. However, for melting aluminum scrap
required 20 times less energy than smelting of bauxite ore; for molten steel
savings of 2/3, while saving melting glass is 1/3 of the energy needed to
produce the product. The melting of the aluminum cans saves energy equal to
2 liters of gasoline. Manufacturing of paper from waste paper requires 30-60%
less energy than production from cellulose [3].

International cooperation in science and technology should show us that in
the future of the economy, the transition from inefficient use of materials for
sustainable, develop high waste technologies that provide only emissions into
the environment friendly products and closed production cycle. Waste techno-
logies should be unquestioned rule. The global biotechnological industry will
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provide a variety of techniques needed for environmentally sustainable deve-
lopment [7].

Computer and telecommunication technologies greatly enhance the ability
of the Environment. Nanotechnology, miniaturization, microprocessors, compu-
terized engineering design and management systems will improve efficiency
and reduce raw materials as waste and shortage of natural resources.

Progress towards the sustainable society cannot take place without the
transformation of individual priorities and values. Modern society follows the
ideology based on consumption is a main criterion of prosperity. Personal suc-
cess is usually measured by the number of accumulated wealth and social
progress of any country is the growth of gross national product. It should be
understood until the measure of human well-being is the gross national pro-
duct, obstacles to build a sustainable society is unvoiced. The market reco-
gnizes only efficiency; it has no sense organs that would be able to recognize
the justice and stability.

Constantly growth consumption is clearly incompatible with sustainable so-
ciety.

Everyone has seen that people the last two generations that survived two
world wars, spent more resources than any previous generation of all known
civilizations on the planet. As a result of the depletion of natural resources,
materialism simply can not survive the transition to a sustainable world. From
an environmental point of view continued frantic pursuit of profits will lead to
economic collapse. Therefore, as the growing understanding of the need to mo-
ve to a more modest, less costly lifestyle, have become unfashionable expen-
sive clothes, the more expensive cars or yachts. However, such a soul-sear-
ching may be the most difficult, because the consumer’s psychology are now
deeply permeates society, regardless of political orientation of different coun-
tries. Thus the potential benefit of a transition is just invaluable. After all, when
increasing personal and social well-being is no longer a priority, the existing gap
between the poor and the rich will disappear gradually, so that the majority of
social upheaval steps back into the past.

Probably also ideological barriers disappear, if humanity will share a com-
mon view to achieve sustainable development, which requires the recognition
of universal values such as democracy, freedom of creativity, respect for human
rights and recognition of diversity. The current military spending close to $ 1
trillion annually. Global spending on armaments will be reduced dramatically
when people realize that the threat to the environment far outstrips military
threat.

In the Third National Congress on Bioethics (Kyiv, 2007), has repeatedly
stressed that the basis of preserving all life has become a new ethics that
define the rules of conduct in the noosphere. The main demands are over the
humanistic goals should take preference over research, economic, commercial,
consumer. The tool of new ethics is neither restrictive no the formation of a
new relationship to nature, personal and social responsibility for the biosphere.
Distribution of ethics laws is becoming the chance of evolution of the relation-
ship between man and the environment and it is necessary for environment.
Ethics laws change of Homo sapiens’ role as an ordinary member in place of
nature conqueror. This status implies respectful attitude towards society and
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each of its members, including representatives of flora and fauna. We all,
regardless of class affiliation, religion or political orientation, as members of a
species, we must work harmoniously to achieve a common goal - to survive in
this highly changing world [2].

Current measures in protecting the environment do not give positive re-
sults, since the principle of nature protection does not correspond to under-
standing of the Earth. We use natural resources not properly, because we treat
them as a commodity that belongs to us. If we consider the Earth as part of the
society to which we all belong, we may begin to use it with love and respect.
Only in this case the nature survives under the scientific and technological prog-
ress, and we will be able to use its achievement wisely. Even a little neglect of
wealth abundance cannot be encouraged. The main objective should be achie-
ving maximum prosperity for the minimum consumption [4].

Everyone should really understand that he is a resident of the Earth and
should think and do, not only in terms of individual, family or genus, states or their
union, but the integral planetary scale. This planet is our home. We live here a
long time. All of us are the interweaving of an ancient life on our planet that will
never disappear completely. Although no one knows exactly how many species
of plants and animals have been lost in the last decade, still leading biologists
projected for the near future may disappear 1/5 of all existing species. Since
man is the only creature of evolution that able to make informed decisions ba-
sed on logic or emotions and influence the implementation of these decisions,
we must prevent the disappearance of other species in the biosphere.

We granted memory, we enriched intelligence, possess skilled hands. Man
in harmony with the Earth, in constant cognition of nature, has lived for thou-
sands of millions of years and acquired knowledge is not lost in vain. Gradually,
over a long enough time, we knew the benefits of public life and unity. We can
cognize the great wisdom about the relationship with the environment and
when our awareness of “who we are?” filled with new content, a new era will
come and survive.

We must remember that we are and who were. We are a piece of the
Earth, it's time to mention it, rely on our knowledge, feel our unity with all
existent, be able to discover new ways, to not quench the fire, to heart beating
never ends, to continuing the eternal dance of life...

References:
[1] Furdychko O.E., Agroecology, Kyiv, Agricultural science, 2014. — 400 p.

[2] Musienko M.M., Serebriakov V.V. Ecology. Conservation. Dictionary-Directory,
Kyiv, Znannia, 2007. — 624 p.

[3] Musienko M.M., Serebriakov V.V., Braion O.V. Ecology. Conservation, Kyiv,
Znannia, 2002. — 550 p.

[4] Musienko M.M., Voitsekhivska O.V., General ecology. Textbook, Kyiv, Stal,

2010. — 395 p.
[5] Schulze E., Beck E., Muller-Hohenstein, Plant Ecology, Berlin, Springer, 2005. —
765 p.

[6] Selected scientific work of Academician V.l. Vernadsky. - T. 1: Vladimir
Vernadsky and Ukraine. - Book 2: Selected Works / Red. count. therefore, A.G.

86 Opole 2016



Zagorodny, A. Onishchenko, V.A. Smoliy, N.V. et al., Kyiv, Vernadsky National
Library Printing Office, 2011. — 584 p.

[71 Taran N.Y., Gonchar O.M.,Lopatko K.G.,Batsmanova L.M.,Patyka M.V.,Volkogon
M.V. The effect of colloidal solution of molybdenum nanoparticles on the mic-

robial composition in rhizosphere of Cicer arietinum L.// Nanoscale Research
Letters, 2014. - 9.- P. 289-304.

Musienko M.M., Voitsekhivska O.V., Batsmanova L.M.
Plant Physiology and Ecology Department,
Taras Shevchenko National University of Kyiv, matushka@i.ua

Monografia 87



V.K. POUZIKY, L.V. GOLOVAN" Y, M. OSTROWSKA?

Y Ecology and Biotechnology Department
Kharkiv National Agrarian University named after V.V. Dokuchayev

2 Independent Department of Process Engineering, University of Opole

BIOLOGICAL CONTROL OF ENVIRONMENT:
GENETIC MONITORING

Genetic monitoring is the direction that provides the development of metho-
dology and practices for evaluation of revealing and accumulation of toxic subs-
tances in the environment, the study of spectrum of their mutational action and
the ability to induce different types of genetic disorders. To the objects of stu-
dying genetic monitoring belong the toxicants that are able to induce mutation
in reproductive and somatic cells, which in turn cause genetic changes. The
main purpose of these methods is to identify the volume and amount of
accumulated lethal and sublethal negative mutations that while the transition to
the homozygous state cause a decrease in the viability of species populations or
their death, and quantitative criteria for assessing the consequences of
mutagenesis [5].

The presence and degree of manifestation of genetic changes characterize
the mutagenic activity of environment, and the possibility of genetic changes in
populations reflects the efficiency of functioning the protective systems of orga-
nisms. Most genetic disorders are recognized and eliminated by a cell using int-
racellular systems of reparation by apoptosis or immune system. Significant in-
crease in spontaneous level of such violations is an indicator of stress action.
Genetic changes can occur at gene, chromosome or genome levels [8].

Unstable ecological condition and deterioration of the general state of the
biosphere make necessary the widespread use of genetic monitoring. Genetic
monitoring includes methods which allow to carry out the quantative estimation
and forecast the direction and intensity of the mutation process in populations,
and if necessary, to choose the set of measures aimed at preventing the ne-
gative consequences for living organisms. Necessary component of the genetic
monitoring is to obtain information about heritable changes in gene pool of
populations, mutagenic environmental factors. The main tasks include: genetic
and toxicological assessment, identification of risk areas, assessment the dyna-
mics and temporary periods of genetic processes, approbation of different test
systems, formation of universal mathematical models for various populations
and others [8].

There are several types of genetic monitoring: monitoring of natural genetic
systems, territorial genetic monitoring due to the environmental pollution and
monitoring of artificial and experimental genetic systems. New direction in the
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environmental and adaptive plant breeding is creating varieties populations that
replicate natural populations which are adapted to environmental changes. Suc-
cess in creating these types agrarian phytocenoses will depend on the comple-
teness of modelling in their structure and functions of the principles of natural
plant communities, which are characterized by high heterogeneity.

Approaches to genetic monitoring

The consequences of environmental factors on natural and agrarian ecolo-
gical systems are to a large degree determined by the hierarchical organization
of the biota. Every level of biological organization has its own specific methods
of protection from exogenous stressors (repairation, repopulation, regeneration,
changes in species composition and structure of biological community). For
higher levels of biological organization stressful actions often reach later and in
more gentle way. Thus, the earliest changes can be detected at molecular
cellular level of living substance. The genetic tests have unique significance for
assessing changes that had arisen before to the appearance of morphological,
physiological, populational and other abnormalities. Genetic tests record the
most serious steps of environment pollution increase of mutagenic effect on the
biosphere, that is revealed in increasing the frequency of cancer genesis and
hereditary diseases, the increase of genetic load in populations of men, animals
and plants, the change of their genetic structure. The accumulation of genetic
disorders the future leads to poor health and reproduction ability of organisms
populations [1,2].

For the rapid detection of mutagens and majority cancer genes in the en-
vironment short genetic tests are used. It is known that some chemicals can
cause cancer in men and animals, as well as mutations in reproductive cells,
that increases the frequency of hereditary diseases. These substances include:
pharmaceutical preparations, household chemicals, food additions, pesticides,
petroleum and others. These substances are present in the environment and
synthesize new chemical compounds every year. In addition, there are also
natural chemicals that have a mutation and cancer genesis activity (mycotoxins,
which are contained in foods) [5].

Mutagenic chemicals interact with DNA, causing changes in its structure.
These processes can lead to loss, bases increasing or decreasing, there by
changing the genetic information stored in DNA. Almost all short-term methods
are based on revealing chromosome damage, gene mutations or DNA damage;
many of them are tests /n vitro. In these tests a wide range of organisms - from
bacteria and yeasts to insects, plants and cultivated mammalian cells is used.
Hierarchical structural and functional organization of living organisms involves
the evaluation of genetic changes at different levels of biological organization
[10]. Therefore, the following approaches are applied:

e Cellular level - cytogenetic screening. The advantage of cytogenetic ana-
lysis is that it characterizes the state of the entire genome. It is the most
sensitive genetic test that can be used as "biological dosimeter” of an-
thropogenic contamination of the territory. The main plant test systems
for screening and monitoring mutagens /1 situ are conventionally divided
into two groups: in the first group sporophytes are used and in the se-
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cond - gametophytes. Cytological methods to sporophytes include stu-
dying mitosis in stem meristems and roots of plants and meiosis in flo-
wer buds. The cytogenetic tests on gametophytes include tests for mic-
ronuclei in tetrad microspores as well as passing mitosis in pollen tubes
and grains. When using pollen as a test system when monitoring, scre-
ening and to detect toxic effects of mutagens one should take into ac-
count the genetic characteristics of such as ornamentation, type, shape,
sterility and viability, protein content and starch.

e Organism level - to observe the frequency of phenotypes. As phenotypes
one can use mutant phenotypes by the form of ear, and various abnor-
malities in plant development - teratomorphes.

e Population level - an analysis of indicators characterizing the performan-
ce of plant populations is conducted.

The biological test systems should meet the following requirements: to de-
tect all types of genetic damage (genomic, chromosomal and gene mutations);
to be sensitive and specific for detecting the effects of low doses of mutagens;
sufficiently expressive, not expensive and to provide stable and reproducible re-
sults; to identify compounds which while getting into to a living organism are
capable of becoming mutagens and others.

Factors affecting the genetic structure of organisms. According to current
estimates the amount of polluting waste annually increases on average by 4 %.
The risk of anthropogenic stressors is that biological systems - organisms, po-
pulations, biocenoses are not adapted to them. Nowadays up to 90 % of all
cancers in men are due to the influence of environmental factors, among which
70-80 % belong to the action of chemical cancer genes and 10 % - to the
radiation. The number of produced and those that are in the environment toxic
chloroorganic compounds are sufficient to destroy all aerobic organisms [3].

The relative contribution to the anthropogenic load of physical nature fac-
tors is increasing. During the last 50-60 years the total voltage of electromag-
netic fields and ionizing radiation intensity have increased comparing with the
natural background by 1000-1 million times. lonizing radiation concerning the
induction of biological effects is the most studied factor of physical nature. It
induces all types of injuries that occur in the DNA from the modification of
certain bases to large rearrangements, which cover a wide range of chromo-
somes with many genes. But the spectrum of spontaneous and induced DNA
damage by ionizing radiation significantly differ. During spontaneous mutagene-
sis the majority (65 %) of the damage belongs to gene mutations (replacement
of base pairs), then during the radiation mutagenesis deletions mostly occur.
Two chains DNA breaks are the most dangerous and difficult reparation types
of genetic material damage [4].

The ability to induce mutations is peculiar for many chemical compounds.
The main problem in assessing mutagenic activity of chemical compounds is as-
sociated with the fact that mutation process has species and tissue specific
character. At least 85 % of chemicals are mutagenic in some test system and
do not reveal this property in others. It is due to the difference of biotrans-
formation processes and pharmokinetics of chemical compounds in various spe-
cies, as well as in cells of different tissues within the same organism. As a result
the mutagens /n vivo system are not necessarily mutagens /n vitro system, the
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mutagens in somatic cells are not mutagen in reproductive ones. In the case of
chemical agents to link exposure with a biological effect is difficult because of
their concentration in the cell that depends on the concentration in the environ-
ment and should be measured directly in the biological structure. Chemical
mutagens that are able to break the structure and recovery of DNA molecules
include: aflatoxins, heterocyclic and polycyclic aromaminy, nitrosamines, polya-
romatic hydrocarbons, nitrous acid, heavy metals, herbicides, insecticides and
other substances [6].

Plants as test systems

Plant test systems are well-founded and widely used to assess the quality of
the environment. The action of pollutants on them can alter the structure and
function of ecosystems, leading to the reduction of primary productivity. Plants
always respond to a large number of environmental parameters with high
sensitivity and can be effectively used to assess the presence of a wide range of
chemicals, especially toxins that act directly on the structure of the cell. The
inverse effect on plants can be assessed at different levels of biological
organization of DNA and chromosomes to the organism and population. The
effects of pollution first appear at the molecular level, which makes the analysis
of reverse cell a good tool for early diagnosis of action [11].

In environmental monitoring the main object of study is populations and
ecosystems since the response of test systems should be closely associated
with effects at all levels of the organization. Changes at the cell level can affect
the biological parameters of population level. These types of effects can mani-
fest long after the action of factor or when its effect disappears from the envi-
ronment. That's why genetic test systems should be used for early and reliable
diagnosis of disturbances. Due to attached method of existence the plant expo-
se to pollutants that are in the environment and describe the environmental
situation at the site of its existence. Being at the base of food chains plants are
exposed to toxic agents action earlier than the organisms of higher trophic
levels. Plants have the ability to concentrate and efficiently convert substances
that are in the environment, that increases the sensitivity and their informative
use to monitor environmental quality. Higher plants can be effectively used in
the field to assess the quality of air, water and soil, and to evaluate the effects
of chronic actions. Plants are characterized by high growth rates, fast changing
phases of ontogenesis. They produce a large number of offspring that opens
the opportunities to study genetic effects. Genetic identity used for purposes of
plants bioindication can be achieved through vegetative propagation [6,7].

A significant number of plant test systems has been worked out for the
evaluation of the actions of man-made pollutants at different levels of biological
organization.

Characterization of genetic test monitoring

Mutations on the gene level include the substitution of bases or reading fra-
me shift that occur as a result of embedding or loss basis. Gene mutations lead
to inactivation of gene or to the changes of its functions. In the screening prog-
rams of mutagens male gametophytes can be used effectively. The advantage
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of this test system is linked to the haploid state of pollen grains. Therefore, all
the mutations that affect the development of the pollen is easily fixed. The as-
sessment frequency of abortive pollen grains reflect violations in almost all
parts of the genome. The main criteria for recognition of abortive pollen grains
are: the size is much larger than normal, changed shape, bad painting. In ad-
dition, waxy and alkoholdehydrogenaza are genes, mutations which lead to
different phenotypic changes and are often used to assess the mutagenic
action. These test systems can not only be used for the diagnosis of mutagenic
effects induced by low levels of pollutants, but also provide information about
the nature of induced mutations [3].

Cytogenetic analysis of plant tissues (the tips of the roots, apical and inter-
calary meristem) is the most common, simple and cheap method. Using these
methods one can analyze both chromosomal aberrations and genomic muta-
tions. Genomic mutations are changes in the number of chromosome in the cell
that can increase the copies of the whole haploid set of chromosomes (polyp-
loidy) or change the number of individual chromosomes (aneuploidy). The ea-
siest analyze of structural rearrangements is in metaphase and anaphase.
Regularities of forming cytogenetic effects are identical in reproductive and so-
matic cells. The frequency of cytogenetic disorders correlate with morphological
changes, fertility, sterility and other characteristics of plants. The frequency of
different types of cytogenetic violations under the action of agents that differ in
mechanisms of biological effects can be increased in different ways. With the
frequency of disturbances in mitotic and meiotic cells it is useful to evaluate the
mitotic index and the proportion of cells at different phases of the mitotic cycle.
The duration of the various stages of mitosis gives the additional information
about specific regularities of biological action of pollutants. The most informa-
tive is the cytogenetic analysis in metaphase. It allows not only to assess the
total incidence of chromosomal rearrangements, but also to define all kinds of
chromosomal and chromatic disorders with high accuracy. If chromosomes in
karyotype are few and they morphologically different. The metaphase analysis
allows us to determine which of the chromosomes is damaged. The evaluation
of cytogenetic violations is used for plant species with a small number of chro-
mosomes and they are large in size (Crepis capillaries, Vicia faba, Hordeum
vulgare, Allium cepa) [6,7,8].

Fluorescence /n situ hybridization (FISH) presents new opportunities for stu-
dying chromosomal aberrations, as it can detect heredity in a number of cell
generations changes, such as reciprocal translocations, inversions and inertia
that are difficult to detect by standard cytological methods. This method allows
to determine the details and localize chromosomal rearrangements in mitosis
and meiosis. It uses samples of DNA complementary to the correspondent chro-
mosome, certain part of chromosome or a gene. The determination of fluores-
cent labelled antibodies area is done by using fluorescent microscope. The
detailed analysis of chromosomal rearrangements in interphase nucleus using
FISH - method is particularly important for tissues, in which mutagenic action
leads to slowing a cell division [5].

For rapid assessment of environmental quality anaphase method is used as
well as micronucleus test. The anaphase analysis provides information about
the various types of cytogenetic disorders: chromatid, chromosome bridges and
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fragments, mitotic abnormalities (multipolar mitoses and lagging of chromoso-
mes). The source of chromosomal aberrations is the damage of chromosomes
while the mitotic abnormalities appear as a result of disturbances in mitotic
apparatus. Micronuclei are extra-nuclear formations, the source of which can be
chromosomes breakage or mitotic apparatus abuse. The studies have shown
that micronucleus test by sensitivity to genotoxic agents does not yield to tests,
which are based on the aberrations of chromosomes. For the formation of
micronuclei the division of cell is necessary that why micronucleus test can be
used if a cell division is inhibited. In the micronucleus test, the duration of the
cell cycle is taken into account.

Alkaline method allows to evaluate the single and double DNA breaks,
wrong or not entirely repaired sections of DNA and DNA conformation changes
by analyzing DNA migration by agarose gel in an electric field. This method may
be useful in the study of repairing DNA damages, induced by various agents in
cells of different types. One problem that arises when this method on plants is
the need to remove the cell wall without core damage [9].

Somatic recombination and sister chromatid exchanges are the result of
changes in the chromatids that may affect gene expression. It leads to the
changes of genetic information and is displayed in the genome destabilization
due to the increased activity of recombinant. Sister chromatids become visible
in DNA as a result of various chromatids paiting contain or do not contain BrdU.
The methods of assessing somatic recombination and sister chromatid exchan-
ges have been designed to root cells Vicia faba and Crepis capillaries, as well as
to transgenic Arabidopsis and abaca.

As genetic environmental monitoring the frequency of dominant and reces-
sive embryonic lethal is evaluated. Dominant embryonic lethals in heterozygotes
of M; generation lead to violations of embryonic development or can occur at
the stage of germination. Recessive lethal mutations can occur at the haploid
stage of development and lead to mortality of homozygotes M, generation.
Embryonic lethal are divided into seven main groups. Lethal of types sicca,
brevis, vana and diffusa lead to disorders in the embryo development at the
early stage of differentiation of cotyledons. In maturing organs such embryos
can be revealed by the brown pigmentation of plant tissues. Embryonic lethal
mucca, parva and fusca appear in the offspring nonviability at the stage of
seedlings. Chlorophyll mutations (a/bina, lutea, xantha, chlorine) can be regis-
ted simultaneously with embryonic lethal [1,3,5,7].

Fluctuating asymmetry is defined as non-directional shift of left and right bi-
lateral symptoms. It can grow as a result of the disability to control the ontoge-
netic development in the conditions of genetic or external stress. Fluctuating
asymmetry increases with pollution increasing. An exception is the species that
are resistant to contamination (Salix borealis).

So, the whole individuality of the genetic structure of organisms populations
that inhabit the technogenic contaminated territories is defined by the combi-
nation of operating factors: increased mutation pressure, partial elimination at
various stages of onthogenesis of nonviable genotypes, influence of the selec-
tion that ensures survival of the most adaptive to new environmental conditions
genotypes.
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ENVIRONMENTAL ENGINEERING IN SOLVING THE
CONFLICT BETWEEN NOOSPHERE AND BIOSPHERE

Abstract:

Pollution and environmental degradation lead to the transformation of ecological niches
and the death of numerous species. The main task of mankind is to maintain and
restore natural groupings of organisms in such a scale that will ensure the economic
capacity of the biosphere as a whole. The growth of humanity is limited by biosphere’s
economic capacity, the upper limit of which is 1% of net primary production biota
(photosynthesis) transferred to man-channel. Exceeding this threshold would lead to a
global environmental catastrophe, disintegration of the human genome and,
consequently, to the extinction of human species.

Problems of interaction between society and nature are the basis of life and
human development. The development of modern civilization has demonstrated
extraordinary capabilities of the human mind. For the recent two centuries, en-
gineering and technical activity of the mankind have caused a global environ-
mental crisis.

Nowadays the world community reveals a growing interest in environmental
protection, sustainable development of countries and regions, protecting the
interests of future generations. The man finally realized what dangerous conse-
guences the consumerism activity can cause, in particular, the depletion of na-
tural resources, violation of ecological balance, reduction of biodiversity, degra-
dation of landscapes, deterioration of agricultural land fertility, a decrease of
fresh water, etc. (Bazhenov et al., 2006; Isaienko et al., 2006).

Engineering ecology is considered in interaction with natural resources and
reproduction of nature, environmental protection, economic environment, social
environment and human ecology.

Engineering ecology is a scientific field that studies human intervention in
the environment. Its mission is to apply the achievements of science, tech-
nology, use of laws and natural resources to solving environmental problems.

A theoretical problem of environmental engineering is technological optimi-
zation and correlation of relationships between technological process parame-
ters and nature changes (Bazhenov et al., 2006).

Biosphere is a part of the earth's crust, atmosphere, and hydrosphere. Its
composition, structure, and energy have been largely determined by the past
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and present activities of living organisms. The volume biosphere is about 0.4%
of the planet (Patyka, 2004; Patyka, 2003b).

The biosphere exists since the origin of life on Earth. Its structure is not
uniform in the biogeochemical aspect that is the result of a variety of material
and energy circulation caused by the activity of living beings. In the biosphere,
the transformation of solar energy and its accumulation in organic matter occur.
The problem of raising the biological productivity of the biosphere has been
solved by conservation and improvement of natural biomes and agrocenosis.

Biosphere does not only provide resources for human but also receives their
production and life wastes. This is a much more complex system, the foun-
dation of life, in which biota itself ensures the stability of the environment. The
biosphere has the marginal economic capacity, the excess of which disrupt the
stability of biota and the environment. Within the economic capacity, biosphere
and ecosystem function in accordance with the principle of Le Chatelier quickly
restoring all kind of disturbance in the environment, and ensuring its stability.
The ability to restore in absolute terms as well as the limit of economic capa-
city, changes from landscape to landscape depending on the performance of
the biota: in the desert, it is the smallest and in the forests the largest. Excess
economic capacity leads to the violation of Le Chatelier principle, disruption of
biological cycle of substances, degradation of ecosystems, and pollution. Pollu-
tion and environmental degradation lead to the transformation of ecological
niches and the death of numerous species. The main task of mankind is to
maintain and restore natural groupings of organisms in such a scale that will
ensure the economic capacity of the biosphere as a whole. The growth of
humanity is limited by biosphere’s economic capacity, the upper limit of which is
1% of net primary production biota (photosynthesis) transferred to man-chan-
nel. Exceeding this threshold would lead to a global environmental catastrophe,
disintegration of the human genome and, consequently, to the extinction of
human species (Akimov et al., 2003).

Plant component of agrocenosis is produced and regulated by human, in
particular, agrocenosis instability results from the occurrence of adverse condi-
tions (drought, waterlogging, overcooling, etc.) and after harvesting of biolo-
gical are compensated through the application of appropriate farming practices
(Patyka, 2002).

An important feature of agrocenosis is the dominance of a few species of
animals - herbivores, among which plant pests (rodents, insects) dominate.
Temporary sustainability of agrocenosis is supported by a man. Thus, biosphere
system’s main features are self-regulation and self-organization. Environmen-
talists explain this self-organization with the information that permeates the
ecosystem. It is found in living organisms, their genetic code and the ability to
adapt to changes in environmental conditions. Thus, self-regulation of the
ecosystem is ensured by living organisms (Patyka et al., 2003a; Brozowska et
al., 2015).

This approach suggests the biosphere be a centralized cybernetic system,
since one of its elements (subsystem), that is living organisms - plays a domi-
nant role in the functioning of the whole system. The principle of the system’s
existence is based on the living beings’ ability of self-multiplication and variation
that may be genetic (in generations) and phenotypic (within existing individu-
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als). The internal stability is based on the control system for components of the
biosphere, i.e. species, populations, and groups.

The diversity of the components lies in the heart of biosphere. This diversity
provides stability of the system, ensuring the survival of a certain part of it
under any local, all-planet and even some cosmic processes (such as solar fla-
res, cosmic showers of ultra-high energy particle, etc.). But to preserve the
diversity we cannot allow one species (population, clone, etc.) to develop itself
enough to begin to displace (to eat, shade, trample down, poison) all other
species.

To the biosphere as a system, no matter what species, populations, indivi-
duals belong to it. It is only necessary that they exist in sufficient quantity,
diversity, and equilibrium. The number and diversity are defined by matrix
synthesis of the information base of all beings as well as on redundancy of
multiplication. This mechanism prevents biosphere’s degradation. Equilibrium’s
boarders are kept by biosphere mechanisms of preserving the number of beings
through limitations of space, suitable for a species, limiting foods, availability of
competing species and species-fighters, parasites, pathogens, etc.). Mankind
has broken down all these control mechanisms. And noosphere rapidly began to
do exactly what the broken mechanisms were intended to prevent, namely, to
eat, shade, trample down, poison, and destroy the biosphere. Almost all the
components of the latter at the time of the emergence of the noosphere have
already become the alternative to it. Biosphere being a self-sufficient system
must have automatically resisted to the noosphere.

The noosphere literally is a ‘thinking envelope’, a sphere of reason, within
which rational human activity is the main determining factor of nature and so-
ciety development (Shevchuk et a/., 2002).

At the turn of the 20th and 21st centuries, mankind had not always acted in
a positive for nature direction. And this is largely caused aggravation of the ma-
ny world's political, economic and environmental problems, as well as intereth-
nic and inter-confessional relations, which was stated at the UN conference in
Rio de Janeiro (1992) and the Earth Summit in Johannesburg (2002). It was the
discussion at the Earth Summit that showed that the joint efforts of all
countries in the fields of economy, politics, technology, science, culture and
education aiming at preserving the environment at an ecologically reasonable
level are possible under the condition that collective intelligence and organized
work of the United Nations focus on the implementation of this idea. The
summit has shown the governments and parliaments around the world that to
change the outlook of the entire human community is probably the most
important issue of our time. If we cannot reach a consensus between countries,
humanity is doomed to self-destruction. The consensus is only possible on the
basis of a common outlook that will help each person to understand the way to
ensure the success to a new social development paradigm and reliable, eternal
and dignified coexistence to nature and humanity.

Thus, there is a situation, in which one species having been quite controlled
earlier, invented methods of protection from the biosphere’s control mecha-
nisms and began to destroy it as a system. Over half a billion years of evolu-
tion, biosphere’s control mechanisms were improved along with the complica-
tion and improvement of all living beings. It would be incredible if biosphere
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begins to neutralize the disturbing factor. But today, if compared with past half
billion years such a ‘sorting out biosphere’s and noosphere’s relationships’ is not
just dynamic, it is similar to burst.

Noosphere’s challenge in terms of time scale is flash-like relatively to the
scale of the evolution. Only the living organisms capable to multiplicate them-
selves and genetically variate much faster than explosive noosphere’s challenge
can react to this challenge. Of the entire biosphere’s components only viruses
and bacteria have this feature. They have polished mechanisms and lightning
variability with redundant backup. Because there is nothing else in the arsenal
of the biosphere, only viruses and bacteria will be able to react to the
challenge. And they will not act separately from all living. They have already got
involved in the explosive evolution and draw all the rest into in. And
controversial, versatile and non-stationary noosphere is a trigger mechanism
and selection factor that determines the evolutionary direction of the biosphere
response (Yatsyk, 2001).

It is crucial that the explosive evolution of pathogens covered the entire
biosphere. This is due to the peculiarities of evolution: it goes in all directions
but only can realize when finds a free niche. In the biosphere, noosphere’s
control mechanisms are not effective. It is an open niche for infections. And it
bears main evolutionary explosion of infections because there are no control
mechanisms like in the biosphere.

Unfortunately, Ukraine also became a test site of infections’ evolution. In
Ukraine, we can observe a significant percentage of people infected with HIV,
the rapid increase in the incidence of tuberculosis and environmental disasters.
Even such disease as flu becomes more and more difficult to manage because
of the extraordinary ability of influenza virus to quickly change its properties.
Catastrophic distribution of ‘mad cow disease’ (sponge encephalopathy) in
Europe caused by an infectious agent of prion etiology is associated with the
violation by a man some evolutionary rules of life support regulations. Gross
violations of rules and laws of nature (as the 4th Law of Ecology by Barry
Commoner Law reads, “We should pay for everything”) immediately caused a
destructive charge. To illustrate, in 15 years only in the UK about £40 billion
was spent on localization and liquidation of ‘mad cow disease’ (Boiko et al.,
2002). This disease, despite the enormous efforts on to localize it still exists in
developed Europe and threatens the health of people. Becoming a center of
migration flows from all the ‘test sites’ of the infections evolution in the world,
Ukraine itself has turned into such test site. And above all this, the uncertainty
of infections hangs over.

The research of the Pathogenic Bacteria Department of the Zabolotny Insti-
tute of Microbiology and Virology serve as an example of plants infections distri-
bution, in particular, phytopathogenic bacteria (Hvozdiak et a/., 2011). The staff
of the department studied bacterial diseases of a significant number of plant
species, including cotton, tobacco, rubber-bearing species, sugar beet, legumes
(beans, soybean, pea, lupine, galega, etc.), grain crops (wheat, rye, oat, and ri-
ce), corn, rape, sorghum, Sudan grass, potato, carrot, tomato, pepper, cucum-
ber, onion, fruit, forest plants, ginseng, etc. (Patyka et a/., 2003) resulted in the
first volume of the monograph Pathogenic Bacteria. Bacterial Diseases of Plants
issued in 2011 [13]. Somewhat later issued were reviews and problem articles
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(Patyka et al., 2013a, 2013b, 2014a, 2014b). Shown in Table 1 are the crops
studied and casual agents of bacterial diseases identified.

Table 1. Bacterial diseases in Ukraine (Patyka et a/. 2014a)

barley, oat, millet,
rice)

Crops Isolated pathogens
Grain crops Acidovorax avenae subsp. avenae (B. avenae), Bacillus subtilis,
(wheat, rye, Pantoea agglomerans (Erwinia herbicola), Pectobacterium carotovorum

(E. carotovora), Pseudomonas syringae pv. atrofaciens, P. syringae pv.
coronafaciens, P. syringae pv. syringae (P. oryzicola), Pseudomonas
fluorescens, Xanthomonas oryzae pv. oryzae

Corn, sorghum,
Sudan grass

P. carotovorum (E. carotovora), P. syringae (P. holci), P. syringae pv.
syringae, X. vasicola pv. holcicola (X. holcicola)

soybean, lupine,
lentils, alfalfa)

sorghum
Legumes (kidney | Clavibacter insidiosum, Curtobacterium flaccumfaciens, P. agglomerans
bean, pea, (E. herbicola), P. carotovorum (E. carotovora), P. marginalis

(P. xanthochlora), P. savastanoi pv. glycinea (P. syringae pv. glycinea),
P. savastanoi pv. phaseolicola, P. syringae pv. syringae (P. vignae),

P. syringae pv. pisi, P. syringae pv. tabaci, P. syringae (P. lupini),

X. axonopodis pv. glycines, X. axonopodis pv. phaseoli

Potato B. subtilis, Clavibacter michiganensis ssp. sepedonicus
(B. sepedonicum), Pectobacterium atrosepticum (E. phytophthora),
P. carotovorum (B. carotovorum), P. fluorescens, P. marginalis
(P. xanthochlora), ralstonia-like bacteria

Carrot P. carotovorum (E. carotovora), P. fluorescens

Tomato C. michiganensis subsp. michiganensis, Erwinia rhapontici,

P. agglomerans (E. herbicola), P. carotovorum (E. carotovora),
P. corrugata®, P. fluorescens, P. marginalis pv. marginalis

(P. marginalis), P. syringae pv. tomato, Ralstonia solanacearum,
X. vesicatoria

Sweet pepper

P. fluorescens, P. viridiflava

Cucumber, melon,

Erwinia toxica*, Pseudomonas burgeri*, P. carotovorum

watermelon (E. carotovora), P. syringae pv. lachrymans, Xanthomonas cucurbitae
Cabbage P. agglomerans (E. herbicola), P. carotovorum (E. carotovora),
P. syringae pv. maculicola (P. maculicola), X. campestris pv. campestris
Onion Burkholderia gladioli pv. alliicola (P. alliicola), P. agglomerans
(E. herbicola), P. carotovorum (E. carotovora), Pseudomonas
aeruginosa
Cotton Xanthomonas citri subsp. malvacearum (B. malvacearum), X. necrosis*
Hemp Pseudomonas cannabinae

Rubber-bearing
plants

P. agglomerans (E. herbicola), P. fluorescens

Sugar beet Erwinia betae* (E. bussei), P. carotovorum (E. carotovora),
P. fluorescens, P. syringae (P. wieringae), P. syringae pv. aptata
(P. aptata), Xanthomonas axonopodis (X. beticola), X. axonopodis pv.
vasculorum

Rape X. campestris, P. fluorescens

Tobacco, Syrian
tobacco

P. carotovorum (B. carotovorum), P. syringae pv. tabaci (P. tabaci)

Vine

Agrobacterium tumefaciens

Fruit trees

A. tumefaciens, Bacterium nodoantrum*, E. amylovora, Erwinia
horticola*, P. carotovorum (E. carotovora), P. fluorescens, P. syringae
(P. cerasi), P. syringae pv. morsprunorum (P. morsprunorum),

X. arboricola pv. pruni (X. pruni), rickettsia-like organisms
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Forest weed Bacillus populi*, B. subtilis, Clostridium butyricum, E. horticola*,
species Erwinia nimipressuralis, Erwinia rhapontici, P. syringae, P. syringae
(P. cerasi), P. fluorescens

Flower plants Bacillus sp., P. carotovorum (E. aroideae, E. carotovora),
P. fluorescens, P. fluoro-violaceus, Pseudomonas iridis*
Ginseng Pseudomonas cichorii
Weeds P. agglomerans (E. herbicola), P. carotovorum subsp. carotovorum

(E. carotovora subsp. carotovora), Pseudomonas sp., P. syringae,

P. viridiflava

Water plants Bacillus sp., Erwinia sp., P. carotovorum (E. carotovora), Pseudomonas
sp.

Note: In brackets given are the names of pathogens as described the author;

* name is not listed in bacteria identification guide.

Viruses are the universal infectious agents that during the evolutionary pro-
cess has been successfully adapted to the variety of hosts, including animals,
plants, humans, bacteria, and fungi. In the plant organism, in order to get into
the cell, viruses overcome a cell wall, which is a mechanical barrier with the aid
of involveent into its life cycle a stage of staying in the body of insect vector or
through mechanically damaged plant tissues. A similar problem of the attacking
bacterial cell by phages is solved by incorporating genes of enzymes that lyse
cell wall, followed by injection of nucleic acid directly injected into the cytoplas-
mic space. The biggest obstacle for animal and human viruses is immune sys-
tem, which defense mechanisms viral pathogens try to avoid, for example, la-
tent form of viral infection (herpes virus), high variability (flu virus), integration
into the genome of host cells (HIV).

Thus, the impact of viruses on the biosphere should be considered in terms
of their effects on their hosts. When considering human viral infections, it
should be noted that they may have an epidemic or even pandemic nature
caused by such factors as large population density and poor immunity of some
its representatives (influenza virus, SARS virus, etc.). Resulted from mass
incidence observed is a significant mortality rate and enormous costs states
must spend on prevention, diagnostic and treatment of these diseases. In
addition, viruses that cause acute intestinal infection (such as enteroviruses,
noroviruses, astroviruses, rotaviruses, etc.) become extremely relevant as they
affect a huge number of people and cause high mortality rates, especially in
developing countries. Man contribution in the spread of these infections is
significant and is associated with changes in food production (insufficient heat
treatment, etc.), the globalization of the supply of food, the emergence of new
types of food (fast food, prepared food, public places food) and increase the
number of susceptible hosts (HIV-infected elderly) (Boiko et al., 2010; Patyka,
2004; Patyka et al. 2003b).

Plant viruses, in general, are of great importance in terms of agriculture,
because while affecting crops they reduce yields and deteriorate crop produc-
tion quality. Plant viruses cause a variety of symptoms, for example, chlorosis
and leaf strip (barley yellow dwarf virus), vein discoloration and necrotic spots
(viral yellows) leaf mottling and rugosity plate (potato Y-virus). Man play a
significant role in the distribution of plant viruses. As a result of breeding and
developing new plant varieties that are new host plants with new genotypes
appeared that respond to viral infection differently. Agricultural development
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causes new contacts of different plants species and, therefore, new plant group
appear that includes crop plants and weeds, which can lead to the exchange of
viral infections and the emergence of new variants of viruses. Due to the
transportation of different plant species worldwide, they get attacked by new,
atypical viruses present in the local flora, and there is a movement of new
insect vectors that can adapt to new species. Another important example of the
human impact is monocropping on large areas and, consequently, the develop-
ment of numerous populations of vectors that cause epiphytoties.

Bacteriophages are very common, as their hosts (bacteria) are present in
almost all habitats (water, soil, food, living organisms). Bacteria viruses play an
important ecological role in influencing the structure of microbial groups and
adjusting the number of different species within them. In so doing, they can
impair intestinal flora of the body, thereby adversely affecting digestion. At the
same time, bacteriophages have an inherent ability of transduction and lyso-
genic conversion, which results in a bacterial cell having acquired new proper-
ties. Thanks to this property, phages are widely used by scientists in biotech-
nology and molecular genetic studies.

Finally, we have to take into account the fact that the list of existing known
viruses is constantly updated by new viruses and known viruses with modified
properties. This is due to not only the lack of knowledge but also to man inter-
vention into natural phenomena and processes. For example, people actively
use new advances in medical science and food industry, providing new orga-
nisms with new atypical properties. Viruses are used as vectors to transfer
certain genes from one cell or organism to another and for expression of pro-
teins they encode. The emergence of new viruses is possible as a result of hu-
man contact with animals where viruses can acquire a new ability to affect a
new host species. The social behavior of people, their mobility over countries
and continents, impact on the ecological environment, and pollution make an
incomplete list of possible factors which might be associated with the emergen-
ce of new viruses.

Environmental studies prove demonstratively that various stressful impacts
on the biosphere lead to significant changes in the properties of viruses of
different organisms. Today, this environmental problem becomes extremely ur-
gent. All this shows that humanity should more closely relate to possible
‘flashes’ of virus infections under the conditions of environmental imbalance.
Meanwhile, virologists, geneticists, biochemists, radiobiologist, and environmen-
talists deal with the problem of mutagens in the environment associated with
the effect of the certain virus on genes and cell chromosomes.

In fact, all over the world, the problem of biological safety is now faced. On
the one hand, today the mankind has a huge store of knowledge in biology,
and from the other hand, man while changing the hereditary genetic material of
living systems has created many threats in terms of biosafety. These include
the development of therapies based on genes that can cause accumulation of
genes encoding harmful to the human and mammals proteins.

The introduction of genetically modified organisms on the basis of transfer-
ring foreign recombinant genes imposes a potential danger to human and the
biosphere, namely, allergic reactions to GM ingredients in foods and drugs, a
direct link with cancer and degenerative diseases, a threat to biodiversity, the

Monografia 101



emergence of ‘superweeds’ and ‘superpests’, violation of the natural balance
between populations of different species, etc. One of the aspects of biosecurity
is a discrepancy between the vaccines used in Ukraine and international
standards of quality and safety.

In the last decades, the achievements of biotechnology and genetic engi-
neering aimed at developing biological weapons became a potential threat to
human security. Given the powerful capabilities of genetic technology, a
question arises: is humanity
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Matgorzata OSTROWSKA
Uniwersytet Opolski, Zaktad Ksztattowania Srodowiska

WODY POWIERZCHNIOWE ZLEWNI RZEKI MALA PANEW
BEDACE POD WPLYWEM ANTROPOGENIZACII

Streszczenie:

Badania na terenie zlewni rzeki Mata Panew obejmujg obszar wojewddztwa opol-
skiego wzdtuz biegu rzeki Mata Panew i jej kilku doptywow (Jemielnicy, Maliny i Swor-
nicy). Na terenie zlewni powstajg zanieczyszczenia bytowe od ludnosci, przemystowe,
rolnicze (sptywy powierzchniowe resztek nawozowych), z produkcji rybackiej. Zanie-
czyszczenia te w roznej ilosci i o zmiennym natezeniu dostajg sie do wod powierz-
chniowych. Powodujg w nich zmiany parametréw fizykochemicznych i biologicznych.

Wstep

Zanieczyszczenia powstajgce w zlewni rzeki Mata Panew wywolujg zja-
wiska przyczyniajgce sie do modyfikowania zespotdow organizmodw i gatun-
kdw. Zwigzki chemiczne sptywajgce do rzek sg pochfaniane zaréwno przez ros-
liny przybrzezne, jak i zanurzone w wodzie. To powoduje rozwdj roslin i zmniej-
szenie jednocze$nie ilosci zanieczyszczen w $rodowisku wodnym. Wsréd
drobnych organizméw zywych zamieszkujgcych wody powierzchniowe nalezy
wymieni¢ glony. O wystepowaniu i rozwoju zbiorowisk glonéw w ekosyste-
mach wodnych decydujg biogeny obecne czesto w nadmiernych stezeniach w
allochtonicznej materii organicznej doptywajgcej do wdd. Celem okoto 20 let-
nich badan rzek w zlewni Matej Panwi byta ocena stanu czystosci wod ptyna-
cych i stojgcych oparta na wskaznikach fizykochemicznych i biologicznych.

Charakterystyka zlewni rzeki Mata Panew

Zlewnia rzeki Mata Panew obejmuje teren wojewddztw Slgskiego oraz opol-
skiego i ma powierzchnie 2131,5 km?. Ujécie znajduje sie w 158,5 km rzeki
Odry, okoto 5 km ponizej Opola. Rzeka jest podzielona zbiornikiem retencyjnym
Turawa na 18, o km rzeki na dwa oddzielne odcinki o zréznicowanych wiasci-
wosciach hydrologicznych i przyrodniczych (Rys.1), [4].
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Rys. 1. Zlewnia rzeki Mata Panew z podstawowymi punktami pomiarowymi —
opracowanie wiasne na podstawie [15]

Przed zbiornikiem ciek ma charakter zblizony do naturalnego, natomiast po-
nizej do ujscia do Odry przeptywy sg regulowane w wyniku gospodarki wodnej
prowadzonej na zbiorniku oraz koniecznosci poboru wody dla Elektrowni
»Opole” w Brzeziu.

Zrzuty zanieczyszczen z miast i zaktaddw przemystowych usytuowane sg na
terenie catej zlewni (Kalety, Krupski Mtyn, Tarnowskie Gory, Lubliniec, Zawadz-
kie, Kolonowskie, Dobrodzier, Ozimek, Turawa, Wegry, Strzelce Opolskie).
Z miejscowosci potozonych w zlewni i nad brzegami Matej Panwi dostajg sie do
rzeki Scieki o charakterze poprodukcyjnym i komunalnym [16]. Na samej rzece
znajduja sie liczne urzadzenia pietrzace, a wazniejszymi punktowymi ogniskami
ucigzliwosci sg miejscowosci zlokalizowane gtdwnie wzdtuz biegu rzeki.

Warunki przyrodnicze zlewni rzeki Mata Panew

Wiekszg czeS¢ zlewni pokrywajg lasy mieszane, w gornym i srodkowym bie-
gu dochodzace do samych brzegdw rzeki. Do zbiornika Turawa lesistoS¢ wynosi
okoto 67 %, ponizej jest nizsza - 49 % [6, 16]. Uzytki zielone zajmujg ponad
11% powierzchni zlewni. Grunty orne to gleby o klasie V i VI obejmujace 48% i
klasy I11i 1l zaledwie 10% ich powierzchni [4, 8]. Niska klasa gruntéw w rejonie
Jezior Turawskich (V i VI klasa) i zaleganie wdd gruntowych na gtebokosci 2-4
m sprawia, ze tereny te nie sg zajmowane pod uprawe. Wystepujgce gtdwnie
lekkie gleby sg dodatkowym czynnikiem sprzyjajgcym przedostawaniu sie zanie-
czyszczen do Srodowiska wodnego. Skape zalesienie w strefach brzeznych zlew-
ni, a w tym przewaga powierzchni rolniczej, stwarzajg zagrozenie dla wod po-
wierzchniowych i podziemnych. Charakter zlewni w granicach wojewddztwa opol-
skiego jest typowy dla regionu nizinnego.
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Charakterystyka ludnosciowa i gospodarcza zlewni w granicach
wojewodztwa opolskiego

Analizowany teren zamieszkuje okoto 85 000 oséb. W miastach okoto 24
400 osdb, reszta na terenach wiejskich, tj; 60500 oséb [5]. Wieksze miejsco-
wosci produkujgce zanieczyszczenia w granicach wojewddztwa opolskiego to:
Krupski Miyn, Zawadzkie, Kolonowskie, Dobrodzien, Ozimek, Turawa, Wegry.
Do rzeki Mata Panew dostaje sie w ciggu roku ogdétem okoto 4 757 410 m®
Sciekdw, w tym 1 434 815m? bytowo-gospodarczych z komunalnych oczyszczal-
ni Sciekow (Zawadzkie, Kolonowskie i Ozimek). Ponizej zbiornika w ciggu roku
doptywaijg do rzeki Scieki mieszane z przewagg poprodukcyjnych, ktorych ilosé
stanowi okoto 6% ogodtu Sciekow [14].

Grunty objete analiza to ogdtem 76 295 ha (przed zbiornikiem 29 235 ha,
ponizej 47 060 ha). Strefa zlewni na odcinku od Ozimka do Czarnowas jest zdo-
minowana przez rolnictwo. Na grunty rolnicze przypada razem 26 450 ha (przed
zbiornikiem 7 947 ha, ponizej 18 503 ha) [4, 6, 8]. Srednie zuzycie nawozow mi-
neralnych w ciggu roku na gruntach rolnych przed zbiornikiem wynosit 1 101,5
Mg NPK, za zbiornikiem 2 564,5Mg NPK [14].

Na terenie zlewni powstaje tgcznie okoto 9 982 Mg NPK/rok (pochodzacego
od ludnosci, stosowanych nawozow mineralnych oraz z hodowli zwierzat gospo-
darskich - obornik i gnojowica) oraz 108 886 Mg/rok suchej masy obornika
i zawiesin od ludnosci. Potencjalne tadunki poszczegolnych biogendw przedsta-
wiajg sie nastepujgco: 4 255 Mg/rok azotu, 1 997 Mg/rok fosforu i 3 730
Mg/rok potasu [14].

Wielkosci potencjalnych tadunkéw sktadnikdéw zanieczyszczen powstajgcych
od ludnosci, stanowigcych surowe Scieki bytowo-gospodarcze, przed zbiorni-
kiem przypadato okoto: azotu - 128,6 Mg/rok, fosforu - 14,1 Mg/rok i potasu -
80,2 Mg/rok. W tym z terenéw miejskich do wadd rzeki mogto doptywaé: azotu -
71,2 Mg/rok, fosforu - 7,8 Mg/rok i potasu - 44,4 Mg/rok) [14].

Potencjalne ilosci zanieczyszczen mogace powsta¢ w budynkach inwentar-
skich w postaci obornika wyniosty 106 872 Mg/rok, a w postaci ptynnej — gno-
jowicy 634 064 Mg/rok [14]. Ilosci sktadnikdw biogennych w gnojowicy byty
wieksze niz w oborniku.

Wielkosci dawek nawozowych wprowadzane z nawozami sztucznymi na te-
ren zlewni obliczono na podstawie przeprowadzonej ankietyzacji wsrdd rolni-
kéw. Wprowadzanego azotu byto Srednio 58,4 kg/ha, fosforu srednio 32,1 kg/ha
| potasu srednio 58 kg/ha. Nawozéw wapniowych wysiewano srednio 295 kg/ha.
Srednie dawki skfadnikdw nawozowych zawartych w zastosowanych nawozach
organicznych wyniosty dla obornika: azot - 11,0 kg/ha, fosfor - 6,61 kg/ha,
potas - 15,4 kg/ha. W przypadku gnojowicy ksztaltowato sie to nastepujgco:
azot - 9,0 kg/ha, fosfor - 5,13 kg/ha, potas - 10,5 kg/ha; (NPK - 24,6 kg/ha)
(Rys. 2), [14].
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Rys. 2. Poréwnanie $rednich dawek skfadnikédw nawozowych zawartych
w nawozach mineralnych i organicznych stosowanych
na gruntach rolnych zlewni rzeki Mata Panew

W nawozach mineralnych ilosci sktadnikéw odzywczych wprowadzone na
teren zlewni byly wieksze niz w stosowanym oborniku w dostarczonym azocie,
fosforze i potasie.

Badania rzek zlewni

Rzeka Mata Panew - ocena stanu czystosci

Celem prowadzonych badan rzeki byta ocena stanu jej czystosSci oparta na
wskaznikach fizykochemicznych, w kontekscie oddziatywania na organizmy wod-
ne z grupy glonoéw oraz poréwnania stezen metali ciezkich i okreslenia wielkoSci
zatrzymywanych ich fadunkéw w zbiorniku retencyjnym Turawa.

Préby do badan fizykochemicznych wody i fitomikrobentosu byly pobierane
przez kilka lat z 5 stanowisk badawczych: przed zbiornikiem Turawa (Kielcza,
Krasiejow i Jedlice) oraz ponizej zbiornika (Turawa i Czarnowasy) (Rys.1). Spos-
rod wskaznikdw fizykochemicznych zbadano odczyn, tlen rozpuszczony, para-
metry tlenowe (BZTg, utlenialnosS¢), metale ciezkie oraz parametry médwigce

o zawartosci zwigzkéw biogennych w wodzie (zwigzki azotu i fosforu). Wskaz-
niki tlenowe i biogenne analizowano dlatego, ze to gtdwnie one charakteryzuja
wode pod wzgledem zanieczyszczenia substancjami organicznymi. Pokazujg jak
rzeka radzi sobie z mineralizacja materii organicznej oraz jaki wptyw ich
wielkosci majg na bytowanie organizméw — glonéw. Przed zbiornikiem, wzdtuz
biegu rzeki z miejscowosci wymienionych wczesniej bezposrednio do koryta
rzeki mogty dostawac sie ze Sciekami przemystowymi metale ciezkie.

W przypadku trzech wymienionych nizej wskaznikéw zanieczyszczen odno-
towywano zdecydowanie wysokie i ponadnormatywne stezenia: fosfor ogolny
(wszystkie stanowiska), azot azotynowy (gtdwnie Jedlice i Czarnowasy) i zelazo
(gtdwnie Krasiejow i Jedlice). Stezenia azotu amonowego i azotanowego miaty
wartosci charakteryzujgce wode jako mato zanieczyszczong. Wysokie wartosci
formy azotynowej azotu, podwyzszone okresowo stezenia azotu amonowego
i fosforandbw mogty by¢ spowodowane doptywem s$ciekdw bytowo-gospodar-
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czych z miejscowosci potozonych nad brzegami rzeki i bezposrednio do zbior-
nika Turawa [11].

Rosngce stezenie zaznaczyto sie dla fosforandw przed zbiornikiem i podob-
na tendencja wystgpita ponizej zbiornika - nastgpit réwniez wzrost wartosci

(Rys. 3).
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Rys. 3. Srednie stezenia i linie trendu zawartoéci fosforandw w wodzie rzeki Mata
Panew powyzej zbiornika Turawa i ponizej

Badania biologiczne fitomikrobentosu rzeki pokazaty, ze udziat procentowy
podstawowych grup systematycznych przedstawiat sie nastepujgco: Bacillario-
phyceae 47,3 %, Chlorophyta 38,4 %, Cyanophyceae 8,5 %, Euglenophyceae
3,6 % oraz Chrysophyceae 1,8 % | Dinoflagellatae 0,5 %.

Najwiecej gatunkdw oznaczono w probach na stanowisku Czarnowasy
(153), w dalszej kolejnosci na stanowisku Jedlice (136) i na stanowiskach Kra-
siejow, Turawa i Kielcza. Na kazdym ze stanowisk w przewadze byly gatunki
okrzemek.. Zielenice i sinice wystgpity w mniejszej ilosci, natomiast eugleniny i
ztotki stwierdzano pojedynczo.

Udziat gatunkdw wskaznikowych wynosit okoto 51%. Przewazaty formy sa-
prokseniczne w liczbie 81 gatunkoéw charakterystyczne dla strefy B-mezosa-
probowej w rzece. Pozostate gatunki wskaznikowe wystepowaty sporadycznie
i w niewielkich rozmiarach populacji. Najwieksze podobienstwo florystyczne
stwierdzono miedzy stanowiskami Krasiejow i Jedlice (80%), a najmniejsze
miedzy stanowiskami Kielcza i Turawa (64%). Na stanowisku w Turawie naj-
czesciej byty obecne formy planktonowe z grupy zielenic i sinic charakterys-
tyczne dla jezior.

Metale ciezkie i ich kumulacja w Zbiorniku Turawa

Najwiekszymi Srednimi rocznymi stezeniami w wodzie rzeki oznaczaty sie
zelazo i cynk [2]. W najmniejszych $rednich rocznych stezeniach wystepowata
rte¢. Tym samym fadunki doptywajace do zbiornika byty najwieksze w przypad-
ku Zelaza i cynku, a najmniejsze dla rteci ( tab. 1), [1].
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Tabela 1. tadunki metali ciezkich wptywajace do zbiornika Turawa
i wyptywajace z niego [Mg/rok]

1995 2002
pozostaty pozostaty
metal Schodnia | Turawa |tadunek w | Schodnia | Turawa | tadunek w
Stara % Stara %
Chrom ogolny 0,63 0,557 11,7 6,92 7,58 -
Cynk 33,07 16 51,6 36,26 29,72 18
Kadm 1,37 0,738 46,2 3,68 1,75 52,4
Miedz 2,76 1,322 52,1 8,3 9,1 -
Nikiel 0,82 0,738 10,1 27,68 30,33 -
Otow 1,48 1,6 - 4,98 5,61 -
Rtec 0,158 0,139 11,7 0,138 0,152 -
Zelazo 138,59 61,22 55,8 373,7 315,4 15,6

Najwyzszy procent kumulacji metali w zbiorniku wynosit ponad 50% i doty-
czyt zelaza, kadmu, miedzi i cynku. W roku 1995 w zbiorniku zostato najwiecej
zelaza — ok. 56% oraz cynku i miedzi — po ok. 52%. Najmniej, bo w ok. 10%
pozostawiony byt nikiel. W roku 2002 tadunki tylko trzech metali zostaty w
roznym stopniu zatrzymane w zbiorniku. Zostato w nim ok. 52% kadmu, 18%
cynku i ok. 16% zelaza [13].

Rzeki Malina, Swornica i Jemielnica — wody bogate w Zelazo

Jemielnica jest lewobrzeznym najdtuzszym doptywem rzeki Mata Panew, do
ktorej uchodzi na kilka kilometréw przed jej ujsciem do Odry. Zrédta rzeki znaj-
dujg sie koto Strzelec Opolskich [7]. Swornica zbiera wody Maliny (lewego do-
ptywu). Uchodzi do Matej Panwi w okolicy miejscowosci Krzanowice. Rzeki
przeptywajg przez tereny wiejskie i otoczone sg tgkami oraz polami uprawnymi.
Punkty pomiarowe na rzekach usytuowane byly przy wschodniej granicy Opola.
Byty wytypowane w miejscach, gdzie rzeki przeptywajg przez tereny rolnicze —
gtéwnie faki. Nie byto tam bezposredniego wptywu zanieczyszczen punktowych.
Celem piecioletnich badan byto stwierdzenie jak ksztattuje sie zawartos¢ zelaza
w wodzie rzek w powigzaniu z innymi wskaznikami fizykochemicznymi oraz jak
zachowujg sie populacje organizmdw z grupy glonow.

Stezenie zelaza ogdlnego w wodzie rzecznej w iloéci 2 mg/dm? jest war-
toscig dopuszczalng dla zycia ryb — jest to juz w wiekszosci iloS¢ toksyczna [3].
Pod wplywem dostajgcych sie do cieku zwigzkdw zelaza zachodzg zmiany w
rozwoju i zyciu organizmow, w tym rowniez glonéw. Zmienia sie liczebnos¢ roz-
nych gatunkdéw glonéw w zaleznosci od koncentracji w wodzie rzecznej zelaza.
Zelazo konieczne jest w procesach fotosyntezy i oddychania. Wérdd glonéw, to
gtéwnie okrzemkom Zelazo jest potrzebne do witasciwego rozwoju, cho¢ jego
nadmiar w wodzie powoduje zubozenie flory tych glonéw [21, 22].

Wsrdd badanych wskaznikéw fizykochemicznych w wodach rzek oprocz ze-
laza byly uwzglednione: odczyn, temperatura wody, tlen rozpuszczony, BZTs,
formy azotu i fosforu, wapn, chlorki, miedz. Wartosci wszystkich wskaznikéw
z wyjatkiem zelaza charakteryzowaty wody rzek jako czyste lub stabo zanie-
czyszczone.
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Wieksze zawartosci obserwowane byty w sezonie wegetacyjnym - wiosna
(osiagajace okoto 4,0 do 4,7 mg/dm* w Malinie, okoto 3,0 mg/dm® w Swornicy).
W Jemielnicy réznice te nie byty tak wyrazne i wiosng zelazo miato koncentracje
okoto 1,5 mg/dm?, jesienig od 0,9 do 2,4 mg/dm? [12].

Ogdtem we wszystkich badanych rzekach oznaczono 79 gatunkdw glondw,
z przewagqg okrzemek (Bacillariophyceae) — 51 gatunkéw. W Malinie byly 0ogo-
tem 44 gatunki glonéw, Swornicy 32 gatunki i w Jemielnicy 53 gatunki. Wsréd
glonéw jedynie okrzemki (m.in. Synedra ulna, Navicula cryptocephala, Melosira
varians) rozwijaty sie przy podwyzszonych wartoSciach zelaza (od 1,3 do 3,8
mg/dm?®) masowo i w duzych ilosciach [12].

Rzeka Libawa — woda rzeki wykorzystana przez gospodarstwo rybackie

Rzeka Libawa przeptywa przez teren gminy Ozimek i nalezy do zlewni rzeki
Odry. Przeptywa przez Srodkowo-wschodnig czeSci wojewddztwa opolskiego
lezgcego na RAwninie Opolskiej. Jej dtugosc to 21 km, wieksza czeS¢ przeptywa
przez teren o wysokosci do 300 m n.p.m., @ w poblizu Jeziora Turawskiego
nastepuje obnizenie terenu do 200 m n.p.m. Wpada do zbiornika retencyjnego
Turawa w miejscowosci Dylaki (Rys. 4). Libawa jest czystg rzeka, w ktérej wa-
runki rozwoju znalazto wiele gatunkow flory i fauny.

Rzeka Libawa

Rys. 4. Teren badan

Z wody rzeki Libawy i Potoku Prészkowskiego korzysta Osrodek Zarybienio-
wy Ryb tososiowatych i Reofilnych ,POLIWODA” w Biestrzynniku. Gospodar-
stwa stawowe, aby mdc prowadzi¢ dziatalnoS¢ wymagajg czystej wody dostep-
nej z niewielkiej odlegtosci. Osrodki hodowlane kierujg sie przede wszystkim
wymaganiami ryb, ktére zamierzajg produkowaé. W przypadku ryb tososiowa-
tych standardy, jakie musi spetnia¢ woda sg bardzo wysokie [18].

Osrodek ,,POLIWODA” jak kazdy zaktad produkuje substancje mogace nie-
korzystnie wptywac na Srodowisko przyrodnicze. Powstajgce tu zanieczyszczenia
pochodzg gtdwnie podczas karmienia ryb, jak rowniez sg skutkiem wydalania
resztek przez ryby. W celu zmniejszenia ilosci zanieczyszczen woda podczas
spuszczania ze stawdw jest poczatkowo kierowana na specjalne stawy odstojni-
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kowe i osadowe. Majg one na celu zatrzymac¢ zawiesiny i osady zanim woda
zostanie wyprowadzona do Libawy ponizej jazu pietrzacego.

Celem prowadzonych badan byto stwierdzenie, jaki wptyw ma OSrodek Za-
rybieniowy Ryb tososiowatych i Reofilnych ,,POLIWODA" na jakoS¢ wody w rze-
ce Libawa.

kaczna powierzchnia stawdw jest niewiele wieksza niz 3 tysigce m?, $rednia
gtebokos$¢ wynosi 1,44m, $rednia objetos¢ stawdw to 621,86m° oraz $rednia
powierzchnia 434m? [10].

Kazdy osrodek prowadzacy hodowle ryb tososiowatych lub do jej hodowli
zblizong, powinien spetnia¢ normy zawarte w Rozporzadzeniu Ministra Srodo-
wiska z 24 lipca 2006 [20].

W wodach ptyngcych wystepuje ich eutrofizacja, gdy stezenia podstawo-
wych wskaznikéw eutrofizacji osiggajg wartosci:

- Fosfor ogodlny > 0,25 mg P - dm™

- Azot ogélny >5mgN - dm™

- Azot azotanowy > 2,2 mg Nyoz - dm™

- Azotany > 10 mg NOs - dm™ [19].

Ponizej miejsca odprowadzania wody poprodukcyjnej do rzeki z Osrodka
-POLIWODA", tuz za odprowadzalnikiem wody poprodukcyjnej z wylegarni i base-
noéw tuczu pstragow teczowych (Oncorhynchus mykiss) wartoSci stezen wskaz-
nikdw biogennych miescity sie ponizej granic stezen warunkujgcych rozpoczyna-
jacy sie proces eutrofizacji (Fot. 1)

Fot. 1. Stanowisko ponizej zrzutu wody [23]

Linia brzegowa w tym miejscu jest prosta, umocniona faszyng sosnowgq i ol-
chowg. Brzegi sg intensywnie porosniete wiekszymi zaro$lami oraz pokrzywa
zwyczajng (Urtica dioica L.). Dno rzeki jest piaszczysto-zwirowe, miejscami ka-
mieniste, porosniete rzeslg (Callitriche L.) i rdestnicg potyskujaca (Potamogeton
lucens L.).

Zbiornik Turawa — zakwity glonéw w akwenie

Zbiornik retencyjny jest pod wplywem zanieczyszczen doptywajacych przez
dziesieciolecia Matg Panwig i wodami mniejszych doptywow (rzeka Rosa, Libawa)
oraz na skutek dziatalnosci gospodarczej i rekreacyjnej prowadzonej nad brze-
gami akwenu. Poniewaz od wielu lat obserwowane sg zakwity glondw w zbior-
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niku podjeto badania nad fizykochemicznymi wiasciwosciami wody i ich wpty-
wem na organizmy roslinne — glony.

Wieksza cze$¢ powierzchni dna zbiornika pokryta jest aluwialnymi mutami.
Dno piaszczyste wystepuje przy potnocnym brzegu jak réwniez w zatoce przy
zaporze czotowej. Brzegi zbiornika zagospodarowane sg w wiekszosci osrodkami
rekreacyjnymi. Fragmenty roslinnosci szuwarowej w postaci luznych skupien
patki waskolistnej i trzciny pospolitej wystepujg przy pétnocnym brzegu zbior-
nika w silniej zamulonych miejscach (Fot. 2).

Fot. 2. Pétnocna czes$¢ Jeziora Turawa ze skupiskami roslinnosci szuwarowej oraz
objawami zakwitu glonéw w wodzie w roku 2015 — wrzesien [23]

W okresie wiosennym rozwijajg sie luzne zespoty rdestnic w przybrzeznych
partiach zbiornika, jednak wskutek spadku poziomu wody w okresie lata nie sg
one w stanie wytworzy¢ bardziej zwartych i trwatych skupien (Fot. 3).

Fot. 3. Potnocny brzeg Jeziora Turawskiego rdestnicg ptywajaca
(Potamogeton natans L.) oraz objawami zakwitu glonéw
w wodzie w roku 2015 — wrzesien [23]

Mata przezroczystos¢ wody zwigzana z czestymi i silnymi zakwitami glonow,

gtéwnie sinic w okresie lata i jesieni uniemozliwia powstanie w gtebszych par-
tiach zbiornika zespotéw roslinnosci podwodnej (Fot. 4)
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Fot. 4. Potudniowy brzeg Jeziora Turawa — wrzesiert 2007 [24]

Duze partie piaszczysto-zwirowego dna, przemieszczanie miekkich osaddéw,
wskutek silnych pragdéw wody zwigzanych ze sposobem wykorzystania wody,
uniemozliwia wytworzenie bogatych i ztozonych zespotdw bentosowych [9].

Analize skfadu gatunkowego biosestonu ksztattujgcego sie pod wptywem
warunkow fizyczno-chemicznych wody przeprowadzono w Jeziorze Turawskim
w roku 2007 i 2015 w okresie lata i jesieni. W 2007 roku materiat do badan
pobierano od czerwca do pazdziernika. Punkt poboru préb zlokalizowano po po-
tudniowej stronie Jeziora Turawskiego wystawionej na bezposrednig ekspozycje
stonca, gdzie woda ma gtebokos¢ okoto 1,5 m. W 2015 roku w badaniach bio-
logicznych wod Jeziora Turawskiego analizie poddano peryfiton i fitoplankton.
Materiat do badan mikroskopowych pobierano w sierpniu, wrzesniu i pazdzier-
niku. Punkt poboru préb zlokalizowany byt po potnocnej stronie Jeziora Turaw-
skiego na wlocie do naturalnej utworzonej zatoczki, w ktorej gtebokos¢ wody
wynosi ok. 2,0 m.

W 2007 roku najliczniej reprezentowane byty gatunki z Bacillariophyceae -
15 taksondw, a posrdd nich najczesciej wystepowaty Asterionella formosa, Fra-
gilaria crotonensis, Melosira granulata. Po nich byty Chlorophyta - 14 taksonéw,
a wsérdd nich gtdwnie Pediastrum duplex i Pediastrum boryanum. W grupie Cya-
nophyta oznaczono 13 taksondw, z dominacjg gatunkdw Microcystis aerugino-
sa, Microcystis aeruginosa flos-aquae, Microcystis viridis, Microcystis wesenber-
gil. Przewaga nad innymi grupami Cyanophyta, Chlorophyta, Bacillariophyceae
w skitadzie gatunkowym jest uwazane za ceche typowg dla zbiornikdw reten-
cyjnych. Dynamika rozwoju charakteryzuje sie nastepujgcymi cechami: zakwit
sinicowy w okresie lata i jesieni, zwlaszcza w okresach cieptych oraz okrzem-
kowy zakwit letnio — jesienny [17].

W probach fitosestonu i peryfitonu w 2015 roku oznaczono fgcznie 33 tak-
sony glondw (gatunki wraz z odmianami lub w randze rodzaju) nalezacych do 3
grup systematycznych. W probach planktonowych byto 12 taksonéw, natomiast
w prdébach peryfitonowych 32 taksony. Najliczniej reprezentowane byty gatunki
z Bacillariophyceae - 18 taksondw, a posrdd nich najczesciej wystepowaty Gom-
phonema constrictum, Gomphonema olivaceum, Fragilaria crotonensis, Melosira
granulata. Po nich byty Chlorophyta - 13 taksondéw, a wsrdd nich gtdwnie Cos-
marium botrytis, Pediastrum boryanum, Scenedesmus quadricauda. Cosmarium
botrytis to gatunek szeroko rozpowszechniony i odporny na zanieczyszczenia
organiczne. W grupie Cyanophyta oznaczono 2 taksony, z dominacjg Microcystis
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aeruginosa. W biosestonie zaobserwowano 6 taksonéw zielenic, 4 okrzemek i 2
sinic. W peryfitonie natomiast najwiecej byto gatunkdw okrzemek (18), mniej
zielenic — 12 taksonow i 2 gatunki sinic.

Podsumowanie i wnioski

Stezenia wskaznikow (azot azotanowy, azot ogolny, fosforany, fosfor ogdl-
ny, zelazo) w wodzie rzeki Mata Panew bywaty nizsze w przekroju Turawa niz
Jedlice. Swiadczy to o tym, ze proces samooczyszczania wody rzeki Mata Panew
w analizowanym okresie odbywat sie kosztem pogorszenia warunkéw w zbior-
niku Turawa. Przebieg linii trendu dla fosforanow zarowno przed zbiornikiem
Turawa jak i ponizej niego wskazuje, ze w ciggu lat badan zarowno gospodarka
wodno-Sciekowa prowadzona w zlewni Matej Panwi oraz uzytkowanie rolnicze
gruntow powodowaty systematyczny, wzrastajacy doptyw biogendw do rzeki.

Na podstawie sktadu gatunkowego glonow i wartosci wskaznikowej tych or-
ganizmOéw mozna uzna¢ wody rzeki Matej Panwi za B-mezosaprobowe.

Procent pozostatego tadunku metali ciezkich w zbiorniku Turawa jest orien-
tacyjny i dlatego trudno jednoznacznie oceni¢ ich wptyw na zycie biologiczne.
Z przeprowadzonej analizy wynika, ze wplywajaca do jeziora rzeka pozostawia
w nim zanieczyszczenia w réznych ilosciach. tadunki metali ciezkich wnoszone
do zbiornika turawskiego i wyptywajgce z niego mogty by¢ podyktowane wielko-
Scig odptywu rocznego wody rzecznej. Zbiornik jest dla substancji zanieczysz-
czajacych, w tym metali ciezkich osadnikiem. Moze to w konsekwencji dopro-
wadzi¢ do powaznego zagrozenia w funkcjonowaniu biologicznym akwenu.

Najwieksze stezenia zelaza zanotowano w rzece Malinie, a najmniejsze w
Jemielnicy. Zawartos$¢ zelaza w wodach rzek: Malina, Swornica i Jemielnica wy-
kazywata wahania sezonowe.

Wsrdd glondw jedynie Bacillariophyceae rozwijaty sie masowo i w duzych
iloSciach przy znacznych wartosciach koncentracji zelaza w badanych rzekach.
Gatunki, ktorych populacje rozwijaty sie masowo sg wskaznikami jakosci wody
gtéwnie z grupy saproksenéw

Woda rzeki Libawy ponizej osrodka rybackiego nie ulega procesom eutro-
fizacji oraz spetniata normy okresSlajgce maksymalne dopuszczalne wzrosty za-
wartosci substancji biogennych i zawiesiny w wodach powierzchniowych po
odprowadzeniu wody poprodukcyjnej z chowu lub hodowli ryb.

Dynamika rozwoju fitoplanktonu i peryfitonu Jeziora Turawskiego byfa cha-
rakterystyczna dla zbiornika zaporowego. W zbiorniku rozwijaty sie masowo
gtéwnie formy biosestonu uznawane za wskazniki podwyzszonej trofii wody
(Microcystis aeruginosa, Gomphonema constrictum | Asterionella formosa).
Masowe zakwity Microcystis aeruginosa odnotowano podczas badan zaréwno
w roku 2007 i 2015. Z wyjatkiem fosforu ogdlnego, wartosci wskaznikdw cha-
rakteryzujgce warunki tlenowe oraz warunki biogenne pozwalaty na zakwalifi-
kowanie wody w zbiorniku jako mato zanieczyszczonej.
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ANALIZA OPADOW ATMOSFERYCZNYCH W MIEJSCOWOSCI
PIETROWICE WIELKIE

Streszczenie

W pracy przedstawiono podstawowe zagadnienia dotyczace opaddw atmosferycz-
nych. Badania prowadzono w okresie jesiennym i wiosennym. W przeprowadzonym
eksperymencie wykorzystywano badania terenowe oraz laboratoryjne. W badanych
prébach wyznaczono zawartos¢ pH, ChZT, Al, P, N, PO,, NOs;, Fe, NH,;, NO, oraz
okreslono temperature (wody, na poczatku jak i na koncu opadu), intensywnos¢ i
wielko$¢ opaddw. Badania poréwnano z wczesniejszymi wynikami prowadzonych prob
na danym terenie z roku 2011 i 2012. Wyniki analiz mogg stanowi¢ materiat zrédtowy
do innych badan.

Wstep

Wody opadowe (deszcz lub $nieg) poddane badaniu pod katem zawartosci
w nich zwigzkéw chemicznych i pierwiastkow pokazuje aktualny stan Srodo-
wiska. Zagadnienie to jest istotne z punktu widzenia inzynierii i ochrony $rodo-
wiska. Wazne dlatego jest badanie wdd pod katem jakoSciowym jak i iloScio-
wym. Opad deszczu w ujeciu iloSciowym zalezny jest od zawartosci pary wodnej
W powietrzu - zmniejsza sie w miare odsuwania sie od zbiornikdw wodnych oraz
od wysokosci obszaru n.p.m. Wraz ze zwiekszaniem sie odlegtosci od oceanu
nastepuje zmniejszenie sie zawartosci wilgoci w powietrzu. Wihasciwoscig waéd
opadowych jest réwniez ich jakos¢, ktéra moze by¢ bardzo zrdéznicowana. Ja-
ko$¢ zalezy od: wymywania z powietrza zanieczyszczen, zmywania zanieczysz-
czen z powierzchni zlewni, stanu zagospodarowania przestrzennego zlewni,
intensywnosci komunikacji i transportu [11].

Wody opadowe zawierajg sktadniki powietrza atmosferycznego oraz wyste-
pujg réwniez m.in.: tlenki azotu, dwutlenek siarki, tlenek wegla, dwutlenek we-
gla. Tlos¢ i rodzaj substancji wystepujacych w wodach opadowych zalezny jest
najczesciej od zanieczyszczen atmosfery na danym obszarze, typu nawierzchni,
oraz dominujgcego transportu kotowego, sposobu organizacji i uporzadkowy-
wania ulic, powierzchni terendw zielonych, natezenia, czasu i dtugosci trwania
opadu [3, 14]. Z danych literaturowych [9, 14, 16, 17] wynika, ze zanieczysz-
czenia zawarte w wodach opadowych pochodzg z dwéch zZrédet: zanieczysz-
czenia atmosferyczne, ktore sg wytapywane przez opad i wszelkiego typu zanie-
czyszczenia zmywane ze wszystkich powierzchni (np.; ulic, placow oraz da-
chow). Nie mniej waznymi czynnikami wptywajgcymi na jako$¢ wod opadowych
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sg warunki meteorologiczne oraz dystans samego opadu atmosferycznego od
zrodet emisji zanieczyszczen. Nalezy mie¢ na uwadze, ze w konsekwencji pow-
stajgce Scieki deszczowe zawierajg zanieczyszczenia wpltywajgce negatywnie na
lokalne $srodowisko naturalne [4, 5, 6, 14, 18].

Opad klimatologiczny rozni sie nieco od opadu, ktéry dotart na powierzchnie
gruntu. W pomiarach pojawiajg sie btedy systematyczne dotyczace niescistosci
urzadzenia pomiarowego i najczesciej wywodzg sie z przeprowadzania pomiaru
przez obserwatora. Mogg by¢ podyktowane dziataniem silnego wiatru oraz zwil-
Zzaniem wewnetrznej Scianki deszczomierza. W Polsce na obszarach nizinnych
mogg wynosi¢ ok. 15-30% w skali roku mierzonej sumy opadéw, a na terenach
goérskich majg wartosci wyzsze. Opady deszczu w przeciggu roku wystepujg w
sposdb nierbwnomierny, a przebieg ich jest swoisty dla konkretnego terenu.
Roczny tok pojawiania sie opaddéw atmosferycznych przedstawia wspétczynnik
opadow miesiecznych, a ich zmienno$¢ wskaznik nierdwnomiernosci opadow.
Przebieg opaddw atmosferycznych mozna zobrazowac graficznie w postaci
histogramu - za pomocg stupkow przedstawia sie wysoko$¢ opaddw w czasie
(godzinie, dobie, miesigcu czy roku), a hietogram pokazuje w sposdéb ciggty
proces opadu w sprecyzowanych przedziatach czasu.

W niniejszej pracy przedstawiono wyniki badan jakosciowych i ilosciowych
wodd deszczowych. Zawarto rowniez poréwnanie wybranych parametréw sktadu
waéd zbadanych z warto$ciami zrédtowymi zaczerpnietymi z innych opracowan.
Wyniki pomiardw stanowity materiat Zrodtowy potrzebny do analizy sktadu i na-
tezenia, intensywnosci oraz wielkosci opadu. Opady atmosferyczne zbierano w
miejscowosci Pietrowice Wielkie (50° 5’ 3” N, 18° 5’ 36” E) potozonej w woje-
woddztwie $lgskim, w powiecie raciborskim. Miato to miejsce okresie jesiennym
i wiosennym roku hydrologicznego 2013/2014. Dodatkowym zadaniem byto po-
rownanie zawartosci zwigzkow chemicznych w zebranym opadzie atmosferycz-
nym z Pietrowic Wielkich z danymi ze zrodet literaturowych.

Teren objety badaniami

Pietrowice Wielkie to wie$ potozona w wojewodztwie $lagskim (powiat raci-
borski, gmina Pietrowice Wielkie) (Rys. 1, 2).

Gmina potozona jest u wylotu Bramy Morawskiej pomiedzy Karpatami a Su-
detami. Lokalizacja sprawia, ze miejscowos¢ ta ma specyficzny klimat. Niedale-
ko wsi przebiega granica z Czechami na odcinku 3,3 km. Gmina Pietrowice
Wielkie zajmuje powierzchnie 68,07 km2 i zamieszkiwana jest przez 7200 miesz-
kancéw. Duzy obszar gminy stanowig uzytki rolne, w tym grunty orne, f3ki, pas-
twiska, lasy i tereny zielone [26]. Teren Gminy jest w pewnej czesSci zagospo-
darowywany pod nowe inwestycje, np. w miejscowosci Kornice (obok Pietrowic
Wielkich) powstata produkcja Eko — Okna, obecnie firma poszerza swa dziatal-
noS¢ i rozbudowuje zaktad. W Raciborzu niedaleko Pietrowic Wielkich preznie
rozwija sie sektor przemystowy m.in. fabryka Rafako S.A., Mieszko, Henkel,
Browar raciborski obok Zamku Piastowskiego czy SGL Carbon Group Polska S.A.
Gmina Pietrowice charakteryzuje sie fagodnym klimatem. Srednia wieloletnia
temperatura szacuje sie w okolicach +8°C. Rzezba terenu jest wyzynna. Cechu-
je sie urodzajnymi glebami powstatymi na utworach lessowych. Gleby te s3
urodzajne zaliczane do gleb pszenno-buraczanych powstatych zaréwno z lesséw
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jak i utwordw lessopodobnych przybierajgcych postaé gleb czarnoziemnych,
brunatnych i ciemnoszarych. Udziat gleb I-III klasy stanowi okoto 90% catoscio-

wej powierzchni gruntéw ornych. Gmina Pietrowice Wielkie, jest zaliczano do
obszarow stabo zalesionym [19, 20].

Rys. 1. Mapa pokazujaca lokalizacje Gminy Pietrowice Wielkie [21]

Punkt poboru
wody opadowej

Rys. 2. Miejsce poboru wody opadowej w Pietrowicach Wielkich [20]
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Metodyka badan

Do badan zbierano w terenie wode opadowg (opad mokry - wet only), a nas-
tepnie badano jg w laboratorium. W tym celu skonstruowano deszczomierz
(Rys. 3).

Pw =0,011304 m*

Oznaczenia: 1-plastikowy lejek; 2- szklany stoik; 3- konstrukcja stalowa wkopana do
ziemi utrzymujgca catg konstrukcje deszczomierza; 4- gleba
Rys. 3. Schemat konstrukcji deszczomierza

Umieszczono go w miejscu nieostonietym na wolnej przestrzeni w odlegtosci
1,5 m nad ziemig. Konstrukcja deszczomierza zostata wykonana na podstawie
opisow i zdje¢ zawartych w literaturze [1, 11, 22, 25, 26]. Opad atmosferyczny
zbierano w okresie jesiennym i wiosennym roku hydrologicznego 2013/2014.
Teren zbioru opadu atmosferycznego byt rozlegty i nieostoniety z zadnej strony
zabudowaniami. Wokét deszczomierza nie znajdowaty sie réwniez drzewa, ktdre
mogtyby zakidci¢ droge opadu. Zebrano tgcznie 25 probek wody deszczowej,
odpowiednio 7 w 2013 r. i 18 w 2014 r. Podczas poboru opadu istotne jest
oznhaczenie jego czasu trwania oraz temperatury zebranej wody deszczowej. Nie
bez znaczenia jest réwniez temperatura otoczenia na poczatku jak i na koncu
opadu. Temperature otoczenia mierzono przy pomocy termometru zewnetrz-
nego z podziatkg co 1°C, natomiast temperature wody przy uzyciu termometru
do wody réwniez z podziatkg co 1°C. Czas opadu mierzono przy uzyciu zegarka
elektrycznego z doktadnoscig, co do sekundy. Woda opadowa zebrana do stoika
byta nastepnie przetransportowana do laboratorium i zostawata poddana bada-
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niom laboratoryjnym. Zebrang wode w deszczomierzu przelewano do miarki z
podziatkg, co 10 ml.

Na podstawie zebranych informacji dotyczgcych opaddw obliczono wielkos¢
i intensywnos$¢ opadu. Do obliczenia wielkosci opadu potrzebna jest Srednica
lejka oraz powierzchnia wlotu: Srednica lejka d = 12 c¢cm; powierzchnia wlotu
przy $rednicy wlotu o ksztatcie kotowym P = 113,04 cm2 = 0,011304 m=2.
Zapisang wartos¢ w ml zamieniano na litry. Nastepnie wykorzystujgc znane
wartosci obliczono wielko$¢ opadu z proporcii.

Przez natezenie opadu (I) nalezy rozumiec ilo$¢ opadu (P) w jednostce cza-
su (t). Na podstawie zebranych danych i podanej wielkosci opadu obliczano in-
tensywnos¢ opadu (I).

=P/t [mm/h; mm/min]

Zebrane informacje oraz wyliczone wartosci umozliwiajg na podstawie zro-
det i twierdzen réznych autoréw [1, 11] okresli¢ rodzaj opadu.

Badania laboratoryjne jakosciowe wdd opadowych wykonano uzywajac od-
czynnikow i Spectroquantu Nova60. Obejmowaty one pomiar: pH wody, steze-
nia NO2, NH4, Fe, N, PO,4, NO3, P. Dodatkowo przeprowadzono analize porow-
nawczg wynikdw wiasnych badan z danymi pozyskanymi ze zrédet literatu-
rowych.

Podczas prowadzonych badan mogty powstac nastepujace btedy:

e btad odczytu z miarki (£1 ml),

e bitad odczytu z termometru zewnetrznego jak i wody (+0,5°C),

e btad wywotany niewtasciwym funkcjonowaniem urzadzen pomiarowych:

Spectroquant TR320, Spectroquant Nova60, Merck,

e btad w przypadku okreSlenia wartosci na podstawie skali barw (£0,1

mg/l).

Wyniki badan

Wyniki badan zostaty przedstawione w tabelach oraz pogrupowane i zilus-
trowane w formie graficznej w postaci wykresow. W tabeli 1 przedstawiono kla-
syfikacje rodzajow opaddw, a w tabeli 2 wyniki ilosciowe badan opadu atmosfe-
rycznego z Pietrowic Wielkich. Pokazano réwniez interpretacje graficzng wyni-
kéw badan zaréwno ilosciowych jak i jakoSciowych.

Tab. 1. Klasyfikacja rodzajow opadu atmosferycznego z Pietrowic Wielkich

Rodzaj opadu Rodzaj deszczu ze
Data Ciaglty | Z przerwami Przelotny Roszacy wzgl\?l;lucr;e(l)rr;?;?fenle
2013 rok
11-12.10 Tak - - - Deszcz zwykly
16.10 Tak - - - Deszcz zwykly
18.10 - Tak - - Deszcz zwykly
20.11 Tak - - - Deszcz zwykly
21.11 Tak - - - Deszcz zwykly
23.11 Tak - - - Deszcz zwykly
26.11 Tak - - - Deszcz zwykly
2014 rok
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25.03 - - Tak - Deszcz zwykly
29.03 - - - Tak Deszcz zwykty
08.04 - Tak - - Deszcz zwykly
09.04 Tak - - - Deszcz zwykly
10.04 - Tak - - Deszcz zwykty
10.04 - Tak - - Deszcz zwykly
14.04 - Tak - - Deszcz zwykty
15.04 Tak - - - Deszcz zwykty
22.04 - Tak - - Deszcz zwykly
23.04 - - Tak - Deszcz zwykty
24.04 - - Tak - Deszcz zwykly
25.04 - - Tak - Deszcz zwykly
07.05 Tak - - - Deszcz zwykty
12.05 - - Tak - Deszcz zwykly
13.05 Tak - - - Deszcz silny

15.05 Tak - - - Deszcz zwykty
16.05 Tak - - - Deszcz zwykly
17.05 Tak - - - Deszcz silny

* wedtug Chomicza (1951) opady o natezeniu: ponizej 5 mm/h — deszcze zwykte, 5-
10mm/h — deszcze silne, 10-45mm/h - ulewy, 45-120 mm/h — deszcze nawalne [1].

Tab. 2. Wyniki badan opadu atmosferycznego z Pietrowic Wielkich

Intensywno$¢ opadu Temperatura
Wielkos¢ Czas otoczenia Temperatura
Data opadéw | [mm/min] [mm/h] opadu Na Na wody
[I/m=2] [min] poczatku | koncu [°C]
[°C] [°C]
2013 rok
11-12.10 4,423 0,028 1,68 158 12 9 10
16.10 1,769 0,0196 1,18 90 11 10,5 10
18.10 20,347 0,061 3,66 335 7 6 6
20.11 1,132 0,057 3,42 20 6 5 5
21.11 0,885 0,022 1,32 40 4 4 4
23.11 0,088 0,0005 0,03 180 5 4 4
26.11 4,423 0,018 1,08 240 2 1 1
2014 rok

25.03 0,0885 0,022 1,32 4 5 5 5
29.03 bd bd bd 3 9 9 bd
08.04 4,423 0,082 4,92 54 18 17 16
09.04 0,8846 0,015 0,9 60 11 12 12
10.04 2,654 0,011 0,66 240 8,5 9 10
10.04 1,327 0,009 0,54 150 8,5 8 10
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14.04 0,0885 0,00074 0,0444 120 20 15 10
15.04 17,693 0,0369 2,214 480 11 8 6
22.04 2,654 0,0204 1,224 130 20 18 16
23.04 bd bd bd 4 17 17 bd
24.04 0,0885 0,00885 0,531 10 22 21 20
25.04 0,0885 0,01475 0,885 6 18 18 17
07.05 0,71 0,00472 0,2832 150 15 12 11
12.05 0,0885 0,0059 0,354 15 20 19 18
13.05 6,19 0,155 9,3 40 18 15 12
15.05 12,385 0,052 3,12 240 8 11 10
16.05 75,195 0,0696 4,176 1080 8 8 8
17.05 8,85 0,098 5,88 90 11 11 10,5

bd — brak danych wywotanych opadem o bardzo matej ilosci, brak mozliwosci scha-
rakteryzowania wielkos¢ i intensywnosci opadu

Odnotowano wiekszg iloS¢ opaddw w okresie wiosennym niz jesienig. In-
tensywnos$¢ opadow jak réwniez jego czas byly zréznicowane. Najwiekszy opad
przypadat na potowe i drugg potowe miesigca maja (okres wiosenny). Okres
wiosenny charakteryzowat sie wiekszg wielkoScig i intensywnoscig opadow
w stosunku do okresu jesiennego. Najwieksza intensywnoS¢ opaddw wystgpita
w maju, a w pozostatym czasie pozostawata na podobnym poziomie z wyjat-
kiem opadéw 08.04.2014 r. i 18.10.2013 r. Czas trwania opadu byt rézny:
najdtuzszy odnotowano 16.05.2014 roku. W czasie przeprowadzonych badan
czas opadu ksztattowat sie ponizej 400 minut z wyjatkiem dwdch pomiardw:
15.04 jak i 16.05.2014 r.

Temperatura otoczenia w trakcie opadéw ulegata zmianie (Rys. 4 ).

25

22
20 20

20

17 1817 17

12.10

Data

‘ O Temperatura na poczatku B Temperatura na koncu

11- 16.10 18.10 20.11 21.11 23.11 26.11 25.03 29.03 08.04 09.04 10.04 10.04 14.04 15.04 22.04 23.04 24.04 25.04 07.05 12.05 13.05 15.05 16.05 17.05

Rys. 4. Temperatura otoczenia
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Najwyzsze temperatury otoczenia odnotowane zostaty w kwietniu, najnizsze
natomiast w listopadzie. Réznica miedzy temperaturg powietrza na poczatku
opadu, a koncowg na koncu opadu jest nieznaczna.

W okresie wiosennym temperatura wody deszczowej byta wyzsza w sto-
sunku do okresu jesiennego (Rys. 5).

25
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12.10 Data

Rys. 5. Temperatura wody deszczowej

Najcieplejsza woda opadowa byfa pod koniec kwietnia tj. 24.04.2014 r. W ok-
resie jesiennym temperatura wody nie przekraczata 10°C, a w okresie wiosennym
miescita sie w granicy od 5-20 °C.

W przypadku NH4 wartoS¢ pozostawata <0,010 mg/l dla wszystkich ba-
danych préb.

Wartosci pH w badanych probach miescity sie w przedziale od 6,1 do 6,8.
Taki odczyn wody deszczowej Swiadczy o tym, ze woda miata odczyn lekko
kwasny. Najnizsze wartosci odczynu (6,1) wystgpity w pazdzierniku, a najwyz-
sza wartos¢ 6,8 byta odnotowana w marcu.

Najwieksze stezenie NO2 w wodzie opadowej byto 21 i 23 listopada 2013 r.
W dniu 18 pazdziernika wartos¢ NO2 byta najnizsza w poréwnaniu z innymi
wynikami badan (Rys. 6).
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Rys. 6. Zawartos¢ w wodzie deszczowej NO2
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Najwyzsza zawartos¢ zelaza (0,23mgFe/l) odnotowana zostata 07.05.2014r.
W pozostatych miesigcach warto$¢ pozostawata na statym poziomie: 0,04 —
0,08mg/l. W dniu 18 pazdziernika wartoS¢ Zelaza byla najnizsza (0,04mg/I)
w poréwnaniu z innymi wynikami badan.

Warto$¢ NO3 w okresie jesiennym od 18.10 do 21.11 utrzymywata sie na
poziomie 1 mg/l. Byt to czas, kiedy wartos¢ NO3 byfa najnizsza w pordwnaniu
z innymi wynikami badan. Pozostate wyniki s3 bardzo rézne - najwyzsze steze-
nie wartosci NO3 odnotowano w kwietniu 09.04 (okres wiosenny) (Rys. 7).

’ 2,5 27 2,5
2,5 24 ] 245 <0 53
2 - 18 S
16
= 1,4 1.5 15 14
215112 m — [
101 1 11
1 | — | — | — |
05 1 - T S - ]
11.10- 16.10 18.10 20.11 21.11 23.11 26.11 25.03 08.04 09.04 10.04 10.04 22.04 24.04 07.05 12.05 13.05
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Rys. 7. Zawarto$¢ w wodzie deszczowej NO3

Najnizsze stezenie PO4 odnotowano w okresie jesiennym 18.10, a najwyz-
sze stezenia wystgpity w listopadzie. Wartosci PO4 byty w trzech pomiarach
wyzsze w okresie jesiennym w poréwnaniu z okresem wiosennym. W dniu 18
pazdziernika wartoS¢ PO4 byta najnizsza w porédwnaniu z innymi wynikami
badan (Rys. 8).

06 n,RR

0.5 0,43

o 0o 0,31 0,31
0,28 03 028 " 0,29 "> 0,29 0,28 1 on

0,1

0,02
0 : .

11.10- 1610 1810 2011 2111 23.11 2611 2503 08.04 09.04 10.04 10.04 22.04 2404 07.05 12.05 13.05
12.10 Data

Rys. 8. Zawarto$¢ w wodzie deszczowej PO4

W dniu 18 pazdziernika ilos¢ azotu ogdlnego byfa najnizsza w poréwnaniu
z innymi wynikami badan. Najwyzszg wartos¢ stwierdzono 23 listopada 2013 r.
(Rys. 9).
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Rys. 9. Zawarto$¢ w wodzie deszczowej azotu ogdlnego

Srednia zawartoé¢ fosforu ogdlnego w badanych prébach byta wieksza w
okresie wiosennym w stosunku do okresu jesiennego (Rys. 10).
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Rys. 10. Zawartos¢ w wodzie deszczowej fosforu ogdinego

W dniu 18 pazdziernika wartos¢ fosforu ogolnego byta najnizsza w poréw-
naniu z innymi wynikami badan. Najwyzsze warto$ci odnotowano 23 i 20 listo-
pada 2013 r. oraz 12 maja 2014 r. Wartosci fosforu w pozostatych terminach ba-
dan (z wytaczeniem 18.10, gdy wartos¢ byta najnizsza) nie rdznita sie znaczaco.

Wyniki zaprezentowanych pomiardéw sktadu chemicznego wody opadowe;j
byty zréznicowane. W zaleznosci od pory roku wartosci badanych wskaznikow
ulegaty zmianie.

Analiza porownawcza wynikow

W pracy zawarto poréwnanie wynikéw badan wiasnych z wynikami pocho-
dzacymi ze stacji monitoringowej w Raciborzu z roku 2011 i 2012. W przypadku
badan witasnych proby byly prowadzone z podziatem na okres wiosenny i je-
sienny, natomiast w stacji monitoringowej badania trwaty caty czas z uwzgled-
nieniem $rednich parametréw danych wskaznikdw w miesigcu. Zestawienie wy-
branych parametréw umozliwia wyciggniecie wnioskéw dotyczacych zmian za-
chodzacych w sktadzie wody deszczowej z roku na rok. Obecne badania po-
szerzyly zakres informacji o stanie jakoSciowym jak i iloSciowym wod opa-
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dowych na danym terenie. Wyniki tych préb pozwolity zaktualizowac dotychczas
dostepne w zrodtach rezultaty badan.

Porownanie sktadu opadu atmosferycznego z Pietrowic Wielkich z
danymi pozyskanymi ze zrddet literaturowych

Zawiesiny opadajgce i nieopadajace, rozpuszczone ciata state, substancje
organiczne i nieorganiczne, drobnoustroje réznego typu, w tym chorobotwdrcze
stanowig gtdwne zanieczyszczenia wdéd opadowych [8, 10, 11, 13, 15]. Opad
atmosferyczny zawiera charakterystyczne dla danej zlewni zawartosci i wielkosci
zanieczyszczen. Wihasciwa ocena jakosci wéd opadowych dokonywana jest na
podstawie cyklu bezposrednich badan. Skfad sciekdw deszczowych przedstawia
sie w formie opisowej przy pomocy wskaznikéw zblizonych do tych wystepuja-
cych w przypadku $ciekow bytowo-gospodarczych (tabela 3). Réwniez uwzgled-
nia sie w konkretnych przypadkach (duze uprzemystowienie zlewni) stezenie
substancji ropopochodnych, chlorkdw, metali ciezkich, substancji biogennych
[2,7, 8,11, 12, 13].

Tab. 3 Przyktadowe steZenia zanieczyszczen znajdujgce sie w wodach
opadowych [10, 11]

Wskazniki zanieczyszczen —
Zakres wartosci
pH 3,9-8,7
Zawiesina og0lna, g/m3 5 - 40000
BZTs, g/m3 1-1100
ChZT, g/m3 5-3100
Chlorki, g/m3 5-428
Azot ogélny, g/m3 0,3-12,7
Otéw, g/m3 0,9-12,6

Analiza poréwnawcza zawiera $rednie wartosci wskaznikdbw w danym mie-
sigcu. Ponizej przedstawiono przyktadowe poréwnania wynikdw wybranych wskaz-
nikéw, do ktérych mozna zaliczy¢ m.in.: pH, Zelazo, azot ogodlny, fosfor ogdiny,
azotyny i azotany. Zestawianie rezultatdw badan miato na celu zdiagnozowanie
stanu $rodowiska, a przede wszystkim ocenienie sktadu wod opadowych na
przestrzeni lat. Istotnym aspektem jest poréwnanie wynikdéw i analiza skfadu
chemicznego wod opadowych w dtuzszym okresie czasu.. Pod kazdym zesta-
wieniem tabelarycznym zawarto wniosek porownawczy dotyczacy zmian zawar-
tosci danego parametru z roku na rok [23], [24].

Tab. 4. Analiza poréwnawcza odczynu wod opadowych

Dane ze stacji monitoringowej w Raciborzu
2011/2012 r.
Miesigce | III v v X Xl i v v X Xl

Wiasne badania

566- | 568- | 576- | 6,48 -

pPH | 68 | 66 16562165 595 | 565 | 633 | 583

5,47
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Wartosci pH zmierzone w 2013 i 2014 roku sg wyzsze w poréwnaniu z da-
nymi z 2011 i 2012 z wyjatkiem pazdziernika 2011 roku. Dane z 2011 i 2012
roku wskazujg na lekko kwasny charakter deszczu oraz charakteryzujg sie od-
czynem bardziej kwasny w stosunku do roku 2013 i 2014.

Tab. 5. Analiza pordwnawcza zawartosci zelaza w wodach opadowych

Dane ze stacji monitoringowej w Raciborzu

2011/2012 r.

Wtasne badania

Miesigce v \Y X Xl v \Y X XI

0,077 0,025 0,036

- 0,100 - 0,063 - 0,088 0.044

Fe [mg/l] | 0,057 | 0,07 | 0,08 | 0,23

Zawartos¢ zelaza w wodach opadowych byta poréwnywalna. Wyjatek sta-
nowi warto$¢ z grudnia 2013 roku (0,23 mg/l), ktéra byta najwyzsza.

Tab. 6. Analiza poréwnawcza stezenia fosforu ogdinego

Dane ze stacji monitoringowej w Raciborzu
2011/2012 r.

Wtasne badania

Miesigce | I v \ X Xl i v \ X Xl

0,060 | 0,050 | 0,025 | 0,025
P[mg/] | 0,31 | 0,3 | 0,353 | 0,05 | 0,387 | - - - -
0,150 | 0,025 | 0,025 | 0,025

0,025

Uzyskane wyniki badan $wiadczg o wzroscie zawartosci P w wodach opa-
dowych podczas badan w poréwnaniu z danymi dostepnymi ze stacji monito-
ringowej w Raciborzu z roku 2011 i 2012.

Tab. 7. Analiza poréwnawcza stezenia azotu ogélnego

Dane ze stacji monitoringowej w Raciborzu

2011/2012 r.

Wtasne badania

Miesigce | 1l v \Y X Xl i v \ X Xl

2N a8 22|27 |03 |263]| 2t | 43L- | 167- 1 1,30-

[mg/] | = ' ' : 490 | 318 | 207 | 128 | 9%

Ilos¢ azotu ogdlnego w wodach opadowych zmalata w niektérych miesia-
cach, a w niektérych wzrosta. Wyniki analiz s3 poréwnywalne. Najnizsze wartos-
Ci zarejestrowano w miesigcu pazdzierniku w przypadku badan wiasnych oraz
w listopadzie w przypadku danych ze stacji monitoringowej — wartosci te byty
ponizej jednosci.
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Tab. 8. Analiza poréwnawcza stezenia azotynow

Dane ze stacji monitoringowej

Wtasne badania w Raciborzu
2011/2012 r.
Miesiace 1T v v X XI i v Vv X XI
Azotyny | 068 | 0,05 |0,0367 | 0,022 | 012 | 0,60 | 1.5 | 0,04 | 0,04 | 0.20
[mgNO,/I]
Tab. 9. Analiza poréwnawcza stezenia azotandw
Dane ze stacji monitoringowej
Wiasne badania w Raciborzu
2011/2012 .
Miesigce | Il v Vv X XI T v Vv X XI
Azotany | o | 5005 | 1,73 | 1.2 | 1,725 12,00 | 099 | 0,77 | 028 | 020
[MgNO4/I]

Dane ze stacji monitoringowej w Raciborzu podajg wartosci mniejsze w po-
rownaniu do wynikéw pozyskanych z wtasnych badan. Zauwazalny wzrost za-
wartosci azotynéw i azotandw w wodach opadowych.

Tab. 10. Analiza poréwnawcza stezenia azotu amonowego

Dane ze stacji monitoringowej w Raciborzu
2011/2012 r.

Miesigce Il v \Y X Xl 1 v \ X Xl

1,10- | 2,50- | 0,86- | 0,82 -
2,50 1,90 1,20 0,55

Wtasne badania

[mgNH4/1] <0,010 0,39

Zawarto$¢ NH4 w wodach opadowych zmniejszyta sie bardzo w 2013/2014
w poréwnaniu do poprzednich lat.

Podsumowanie i wnioskKi

Analiza opaddéw atmosferycznych umozliwia zapoznanie z doktadnym ich
sktadem oraz iloscig. W tym celu prowadzono badania ilosciowe i jako$ciowe
wobd opadowych w miejscowosci Pietrowice Wielkie. Wykonano analize oraz in-
terpretacje prob z podziatem na okres wiosenny i jesienny. W badaniach wtas-
nych okresSlano zawartoS¢ nastepujgcych wskaznikdw: pH, Fe, P, ZN, NO2, NH4,
NOs;, PO, w wodach opadowych, natomiast w stacji monitoringowej uwzgled-
niano: pH, przewodnos$¢, chlorki, siarczany, azotyny i azotany, azot amonowy,
sdd, potas, wapn, magnez, cynk, miedz, zelazo, otéw, kadm, nikiel, chrom ogdl-
ny, mangan, azot ogélny, fosfor ogdlny, jon wodorowy. Ponadtow badaniach
wihasnych okreslano rodzaj, wielkoS¢ i intensywnos$¢ opaddéw oraz temperature
(wody, na poczatku i na kofncu opadu). W badaniach realizowanych w stacji
monitoringowej prowadzono réwniez zapisy sum miesiecznych opaddw. Wyniki
wykazaty, ze wystepujg zmiany w skitadzie woéd opadowych w zaleznosci od
pory roku, miesigca jak rowniez i lat. Zestawienie wtasnych badan z danymi ze
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stacji monitoringowej ukazuje zachodzace zmiany w $rodowisku oraz poszerza
zakres informacji na temat problematyki wod opadowych. Tematyka opadow at-
mosferycznych i ich badan jest bardzo wazna z punktu widzenia inzynierii i och-
rony Srodowiska, poniewaz przedstawia zmiany sktadu i iloSci zanieczyszczen
Srodowiska wymywanych z opadem na przetomie lat.

Na podstawie wynikdw przeprowadzonych badan i porownywania ich z da-
nymi ze stacji monitoringowej w Raciborzu sformutowano wnioski. Po prze-
prowadzonej analizie porownawczej wynikow badan mozna stwierdzic, ze:

e badania wykonano zgodnie z zatozonym celem pracy,

e zawarto$¢ niektdrych wskaznikdw z roku na rok wzrastata, moze to by¢
wywotane transportem zanieczyszczen w powietrzu oraz wpltywem
przemystu i lokalnej gospodarki,

e w przeprowadzonych badaniach w laboratorium UO odczyn préb zblizat
sie do obojetnego, a w przypadku danych ze stacji monitoringowej byt
bardziej kwasny,

e zauwazalny wzrost badz spadek wartosci roznych wskaznikdéw,

e zaktualizowane badania laboratoryjne dajg szersze spojrzenie na skiad i
problematyke dotyczacg opaddéw atmosferycznych,

e poszerzone badania aktualizujg szersze spektrum problematyki wod opa-
dowych i przedstawiajg w sposdb szczegdtowy stan Srodowiska.
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Abstract:

In the paper presents basic issues regarding precipitation. The study was conducted in
autumn and spring. In the experiment were used field and laboratory studies. In the
tested samples were determined contents of pH, ChZT, Al, P, 2N, PO4, NO3, Fe, NH4,
NOZ and set the temperature (of water at the beginning and also at the end of

precipitation), the intensity and the amount of precipitation. The study were compared

with previous results of tests conducted in the specified area in 2011 and 2012. The
findings may be source material for other analyses.
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CHARAKTERYSTYKA GOSPODARKI ODPADAMI
W GMINIE SKARBIMIERZ

Abstrakt:

W pracy przedstawiono podstawowe zagadnienia dotyczace odpaddw oraz proble-
matyke dotyczacg gospodarowania odpadami na terenie gminy Skarbimierz z wyszcze-
gdlnieniem poszczegdinych miejscowosci znajdujgcych sie na jej obszarze. Zobrazowa-
no rowniez nawyki mieszkancéw, posiadang wiedze przez mieszkancéw lub jej brak
z zakresu odpadow. W celu ocenienia gospodarki odpadami na terenie gminy przepro-
wadzono badania ankietowe wsérdd mieszkancéw gminy Skarbimierz oraz przeprowa-
dzono przyktadowe obliczenia m.in. dotyczacych ograniczenia sktadowanych odpadéw
ulegajacych biodegradacji oraz ilosci odpadéw komunalnych w danym roku. Z pracy
mozna wyciggna¢ wiele wnioskdw np.: mieszkancy posiadajgcy wyzsze wyksztatcenie
posiadajg wiekszg wiedze z gospodarki odpadami; cena jest czesto decydujgcym wyz-
nacznikiem co odbija sie na gospodarce odpadami; ogdlna dobra $wiadomos¢ znajo-
mosci odpaddw niebezpiecznych, ich zbidrki, rodzajow oraz elementarnych pojec z tego
zakresu wsrdd mieszkancow.

Wstep

Cztowiek swojq dziatalnoscig zarowno sferze zycia codziennego jak i w pra-
cy powoduje powstawanie odpadéw. Odpady to wszystkie substancje, przed-
mioty, ktdre stracity swg wartoS¢ uzytkowg i sg one nieprzydatne w danym
miejscu i czasie. Powstaty w wyniku dziatalnosSci bytowej i gospodarczej ludzi.
To réwniez m.in.: niewykorzystane przeterminowane lekarstwa, gruz rozbidr-
kowy, gromadzone w zbiornikach bez odptywu wydzieliny pochodzenia ludz-
kiego, osady, odpady z placéw zabaw, ogrodow i parkOw oraz gospodarstw do-
mowych [1]. Kazdy odpad moze sta¢ sie surowcem lub materiatem w chwili
jego ponownego zagospodarowania badz wykorzystania ponownie w innej pos-
taci [2], [5]. Z roku na rok zwieksza sie poziom zycia ludzi i rozwoj techniczny.
Konsekwencja tego jest powiekszajgca sie ilos¢ odpadkoéw. Smieci sg jednym
z powazniejszych zagrozen dla zdrowia i Srodowiska przyrodniczego. Odpady
przemystowe wykazujg dziatanie toksyczne i rakotwdrcze na organizm cztowieka.

Celem pracy jest zapoznanie z podstawowymi zagadnieniami dotyczgcymi
odpadéw w gminie Skarbimierz i okreSlenie wiedzy mieszkancow gminy doty-
czacej problematyki gospodarki odpadami. Przedstawiono zagrozenia dla $rodo-
wiska pochodzace z gospodarowania odpadami na terenie gminy. Przeprowa-
dzono badania ankietowe wsrdd mieszkancow gminy z wyszczegolnieniem
poszczegolnych miejscowosci znajdujacych sie na jej terenie.
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Charakterystyka gminy Skarbimierz

Gmina Skarbimierz potozona jest w zachodniej czeSci wojewddztwa Opol-
skiego (Rys. 1). Gmina ta nalezy do powiatu brzeskiego. Graniczy od strony pot-
nocnej z gming Lubsza i gming miejskg Brzeg, od potudnia z gming Olszanka
i gming Wigzow, ze strony zachodniej z gming Otawa nalezgca do wojewddztwa
dolnosSlaskiego a z wschodu z gming Popieldow oraz gming Lewin Brzeski. Gmina
jest wspolnota samorzadowa, w skiad ktdérej wchodzi 14 sotectw i jedno osiedle
[6, 7].
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Kruszyna
Lipki
tukowice Brzeskie
Matujowice
Pawiow
9. Pepice
10.Predocin
11.Skarbimierz (wies$)
12.Skarbimierz Osiedle

NGOk WwWN

13.Zielecice
14. Zwanowice
15.Ztobiona
WOJ. DOLNOSLASKIE J WOJ. OPOLSKIE
' POWIAT BRZEG |
Otawa Liok Odra g oy
w Gm. Lubsza ’
Brzezina )
Gm. Olawa ‘ - J
Zielecice } \\ . \
D;‘“’ g J . Gm. Miejska Brzeg e -
' i ’ Gm. Popieléw

e Paye - Gm. Olszanka / Gm, Lewin Brzeski
la ’

Rys. 1. Mapa administracyjna Gminy Skarbimierz [6]

Powierzchnia Gminy Skarbimierz zajmuje obszar 110 km=2 [6].
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Ludnos$¢ gminy Skarbimierz

Zmiany w demografii w ostatnich latach sprawiajg, ze wzrasta liczba miesz-
kancow gminy. Analiza 7 lat pokazuje, ze przyrost liczby ludnosci wynosi 1%.
Przyczyna takiego zjawiska jest migracja mieszkancow Brzegu na tereny gminy
Skarbimierz oraz rozwoj strefy ekonomicznej (zaktaddw) na lotnisku w Skarbi-
mierzu [7].

Tab. 1. Liczba ludnosci gminy z wyszczegodlnieniem poszczegdinych
miejscowosci [4]

Miejscowos¢: Charakterystyka:
BIERZOW Liczba Iu.clnoé.ci:195 (stan z 31_.12_.200_7)1 o
Teren dziatania Sotectwa obejmuje wies Bierzow o obszarze 270,40 ha
BRZEZINA Liczba Iu_clnoé_ci: 562 (stan z 3_1.1;.2097,) '
Teren dziatania Sotectwa obejmuje wies Brzezina o obszarze 1118,28 ha
KOPANIE Liczba ludnosci: 160 (stan z 31.12.2007’)
Teren dziatania Sotectwa obejmuje wieS Kopanie o obszarze 332,60 ha
KRUSZYNA Liczba ludnosci: 285 ( stan z 31.12.2007)
Teren dziatania Sotectwa obejmuje wies Kruszyna o obszarze 619,00 ha
LIPKI Liczba ludnosci: 650 (stan z 31.12.2007,)
Teren dziatania Sotectwa obejmuje wies Lipki o obszarze 1192,30 ha
LUKOWICE Liczba ludnosci: 554 (stan z 31.12.2007’)
Teren dziatania Sotectwa obejmuje wies tukowice Brzeskie o obszarze
BRZESKIE
1099,90 ha
Liczba ludnosci: 444 (stan z 31.12.2007)
MALUJOWICE Teren dziatania Sotectwa obejmuje wie$ Matujowice o obszarze 985,23 ha
PAWLOW Liczba ludnosci: 446 (stan z 31.12.20071) )
Teren dziatania Sotectwa obejmuje wies Pawtdw o obszarze 673,98 ha
PEPICE Liczba ludnosci: 388 (stan z 31.12.2007,)
Teren dziatania Sotectwa obejmuje wies Pepice o obszarze 855,19 ha
PREDOCIN Liczba ludnosci: 220 (stan z 31.12.2007)

Teren dziatania Sotectwa obejmuje wie$ Predocin o obszarze 1221,90 ha
Liczba ludnosci: 198 (stan z 31.12.2007)

SKARBIMIERZ | Teren dziatania Sotectwa obejmuje wie$ Skarbimierz o obszarze

257,28 ha

Liczba ludnosci: 2001 (stan z 31.12.2007)

SKARBIMIERZ - . . ny . . .. L
Teren dziatania samorzgdu mieszkancow osiedla obejmuje miejscowosc
OSIEDLE L .
Skarbimierz Osiedle.
ZIELECICE Liczba ludnosci: 267 (stan z 31.12.2007)
Teren dziatania Sotectwa obejmuje wie$ Zielecice o obszarze 447,80 ha
Liczba ludnosci: 409 (stan z 31.12.2007)
ZWANOWICE Teren dziatania Sotectwa obejmuje wie$ Zwanowice o obszarze 726,84 ha
2L OBIZNA Liczba ludnosci: 554 ( stan z 31.12.2007)

Teren dziatania Sotectwa obejmuje wie$ Ztobizna o obszarze 650,86 ha

Analiza gospodarki odpadami komunalnymi na terenie gminy Skarbimierz
pochodzi z ankiet wypetnionych przez przedsiebiorstwa zajmujgce sie zbidrka,
transportem i zagospodarowaniem odpaddw:
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Tab. 2. Zaktady oraz przedsiebiorstwa odpowiedzialne za gospodarke odpadami [6, 7]

1. Przedsiebiorstwo Ustug Komunalnych van Gansewinkel-Dolny Slask Sp. z 0.0.
Otawa ul.Portowa 7

2. Zaktad Higieny Komunalnej Sp. z 0.0. Brzeg ul. Saperska 1

3. Przedsiebiorstwo Ustug Komunalnych ,KOMUS"” Brzeg ul. M. Konopnickiej 8a

4. Przedsiebiorstwo REMONDIS Opole Sp. z 0.0. Opole Aleja Przyjazni 9

5

6

,GRABOWSKI"” Marek Grabowski, Otawa ul. Stowackiego 26
Przedsiebiorstwo Oczyszczania ALBA, Wroctaw ul. Ostrowskiego 7

Tab. 3. Dane dostarczone przez wyzej wymienione firmy w 2008 roku dotyczace
zdeponowania na sktadowisku réznych rodzajow odpaddw [6, 7]

Rodzaj odpadow Tlo$¢ odpaddéw
odpady komunalne 795,7 Mg
tworzywo 26,2 Mg
papier i tektura 8,2 Mg

szkto 35,9 Mg

Sredni wskaznik nagromadzenia odpadéw komunalnych przypadajacy na
jednego mieszkanca w 2008 roku wynidst 121,55 kg/M rok [6].

Analiza ilosci wytwarzanych odpadow w gminie

Gmina Skarbimierz ma charakter wiejski. Osiedle Skarbimierz natomiast ze
wzgledu na swojg wielorodzinng zabudowe oraz infrastrukture wyodrebniono
w bilansie i potraktowano jako teren miejski. Podczas szacowania rzeczywistej
ilosci odpaddw przyjeto najnowsze wskazniki nagromadzenia wytwarzanych
odpadéw komunalnych dla poszczegdinych srodowisk [7].

Tab. 4. Wskazniki nagromadzenia poszczegdlnych rodzajow odpadéw komunalnych
wg KPGO 2010 [6, 7]

Wskazniki nagromadzenia poszczegdinych rodzajéw | Bilans odpaddéw komunalnych
odpaddéw
Rodzaj odpadow Jednostka | Osiedle | Wie$ | Jednostka Osiedle Wie$ Suma
komunalnych
Odpady z
gospodarstw kg/M rok 230 140 Mg/rok 441,14 736,96 1178,1
domowych
Odpady z kg/M rok 95 30 Mg/rok 182,21 | 157,92 | 340,13
infrastruktury
Odpady z
oczyszczania ulic i kg/M rok 8 0 Mg/rok 15,34 0,00 15,34
placow
Odpady

. kg/M rok 15 10 Mg/rok 28,77 52,64 81,41
wielkogabarytowe
suma kg/M rok 348 180 Mg/rok 667,46 947,52 | 1614,98

Zaktad Gospodarowania Odpadami w Ga¢- segregacja, odzysk,
unieszkodliwianie

ZGO posiada pozwolenie zintegrowane. Instalacja znajduje sie od strony
wschodniej gminy Otawa, na obszarze administracyjnym miejscowosci Gac, nie-
daleko gminy Skarbimierz [7, 8].
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Sktadowisko otaczajg rowy opaskowe, ktdre nie pozwalajg dostawaniu sie
wadd powierzchniowych i podziemnych do niecki tego skfadowiska.

Firma zajmuje sie m.in.: zagospodarowaniem odpaddw innych niz niebez-
pieczne i obojetne, obstugiwaniem systemu selektywnej zbidrki odpadéw (kar-
ton, plastik, szkto), sortowaniem (zbidrka selektywna i odpady komunalne), od-
zyskiem odpadéw wielkogabarytowych, przenoszeniem okreslonych odpadow
do odzysku i recyklingu, unieszkodliwianiem poprzez skfadowanie na skfado-
wisku oraz sprzedazg surowcow wtdrnych, np. makulatury czy opakowan
z tworzyw sztucznych [8].

Fot. 1. Selektywna zbiérka —transport —sortowanie -odzysk-unieszkodliwianie [3]

Tab. 5. Rodzaje i ilosci (w Mg) odpaddéw poddane sortowaniu w ZGO Sp. Z o.0.
w latach 2004-2011 wraz ze sprzedazg odzyskanych surowcow [3].

Lp| Nazwa, rodzaj odpadu kod 2007 2008 2009 2010 2011
odpadu

150101 | 601,01 | 1191,74 | 2 006,55 | 392,17 227,70

Opakowania z papieru i

tektury

o | Opakowaniaztworzyw | o610, | 6op62 | 117554 | 202504 | 1889.73 | 1534,75
sztucznych

3. Zmieszane odpady 150106 | 777,52 | 1634,62 | 2 562,14 | 2 708,61 | 1 203,65

opakowaniowe
4. Opakowania ze szkta 150107 | 400,25 903,07 | 1382,42 | 1029,75 | 1241,36

5. Papier i tektura 200101 37,58 16,44 28,36 31,76 4,58
6. Szklo 200102 | 167,41 | 190,48 | 130,21 | 57,04 4,64
7. Tworzywa sztuczne 200139 63,47 17,63 100,05 133,24 666,82
Masa przyjetych odpadow selektywnie |, oo o5 | 5 15950 | 8 234,77 | 6 242,30 | 4 883,50
gromadzonych
g, | Niesegregowane odpady | ;5501 |39 47650 | 48 322,26 | 51 275,18 | 54 346,97 | 54 193,06
komunalne

taczna masa przyjetych odpadéw 42 126,36 | 53 451,78 | 59 509,95 | 60 589,27 | 59 076,56

Masa wysortowanych (sprzedanych)

. 2982,70 | 3911,25 | 4843,41 | 4076,00 | 4 931,01
surowcow
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Masa przekazanego do odzysku 0.00 0,00 0,00 617.58 3 400,00
komponentu RDF
tacznie 2982,70|3911,25|4 843,41 |4 693,588 331,01
Odzysk (sprzedaz) surowcow [%] 7,08 7,32 8,14 7,75 14,10

Cel i metodyka badan

Sporzadzona ankieta w ilosci 100 kopii trafita do mieszkancéw gminy Skar-
bimierz, miata ona charakter anonimowy. Rozdzielenie tej liczby egzemplarzy
zalezato od liczby mieszkancdw danej miejscowosci lezacej na terenie gminy.
Analiza poszczegélnych ankiet z danych miejscowosci odbyta sie w kolejnosci
losowej. Forma tego rodzaju badania jest zbiorem pytan otwartych jak i zara-
zem zamknietych. Pozyskane odpowiedzi ankietowanych majg postuzy¢ do roz-
wigzania pewnego problemu. Odzew ten bedzie opracowywany statystycznie,
a wyniki zinterpretowane i objasniane graficznie.

Badania ankietowe wsrod mieszkancow gminy Skarbimierz

Celem przeprowadzenia ankiety byto zbadanie problematyki gospodarowa-
nia odpadami na terenie gminy Skarbimierz z wyszczegolnieniem poszczegol-
nych miejscowosci gminy. Tego typu badanie ma réwniez przedstawi¢ nawyki
ludzi zamieszkujgcych teren gminy w obszarze gospodarki odpadami. Pozwala
zapoznac sie z propozycjami mieszkancéw jak mozna udoskonali¢ gospodarke
odpadami. Wyniki ankiety pokazujg czy istniejg jakiekolwiek zaleznosci pomie-
dzy racjonalnym gospodarowaniem odpadami w gospodarstwie domowym a
wyksztatceniem mieszkancow albo ich wiekiem. Badanie to miato pokazac row-
niez czy mieszkancy posiadajg jakgkolwiek wiedze na temat gospodarowania
odpadami oraz to czy angazujg sie w dziatania majgce charakter ekologiczny
oraz ocenienie wptywu oddziatywania odpaddw na terenie gminy na Srodowisko
w tym na wody gruntowe.

Tresc¢ ankiety

Ankieta ma na celu zbadanie problematyki gospodarowania odpadami na
terenie wojewddztwa opolskiego w gminie Skarbimierz. Forma tego rodzaju ba-
dan postuzy przy pisaniu pracy inzynierskiej. Zapewniam o anonimowym cha-
rakterze prowadzonych przeze mnie badan.

Prosze 0 zaznaczanie jednej odpowiedzi znakiem X. W przypadku braku
pasujgcej dla Pana/Pani odpowiedzi, prosze o wpisanie wtasnej w wykropkowa-
ne miejsce.

Apeluje o powazne traktowanie badan, w zwigzku z tym udzielanie szcze-
rych odpowiedzi.

1. Czy czesto podczas spacerow po Pani/Pana okolicy mozna dostrzec
tzw. ,,dzikie wysypiska $mieci”?

(tak Cnie “Inie wiem, bo nie przywigzuje uwagi do swojego otoczenia.
2. Czy posiada Pan/Pani w swoim gospodarstwie domowym kontener
na odpady?
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(Jesli tak to prosze podac jakiej pojemnosci posiadajg Paristwo kontener na
oapady np.60l, 80/, 120/)

Cnie

3. Czy segreguje Pan/Pani Smieci/odpady w swoim gospodarstwie
domowym?

Ctak Cnie

4.Czy w Pana/Pani miejscu zamieszkania sg zbiorcze kontenery na
odpady m.in. na szklo, papier czy plastik?

Ctak Cnie [nie wiem

5.Czy wie Pan/Pani jakiego koloru sq poszczegodlne kontenery
zbiorcze m.in. na papier, plastik, szklo biate i kolorowe? Jesli tak to
prosze o uzupeinienie ponizszej tabeli.

Kontener na: | Makulatura | Szkto biate Szkio Plastik
kolorowe
Kolor
kontenera:
6.Czy placi Pan/Pani za wywoz $mieci:
[Isegregowanych

[nie segregowanych

[Inie pface, bo nie posiadam kontenera w moim gospodarstwie domowym.
7.Czy segregowatby/-ta Pan/Pani $mieci niezaleznie od ceny za ich
wWywoz?

Jtak, poniewaz przede wszystkim kieruje sie dobrem $rodowiska

[nie, poniewaz zwracam duzg uwage na cene Smieci, za ktérych wywoz ptace
(Jesli w pytaniu 7 odpowiedziates TAK przejdz do pytania 9, jesli NIE to
odpowiedz na pytanie uzupetniajgce nr 8)

8. Czy segregowataby/-tby Pani/Pan smieci, jesli cena $mieci
segregowanych bytaby nizsza od ceny $mieci nie segregowanych?
[ITak, bo zaoszczedzitabym/-tbym pienigdze

"INie, bo jest to operacja pracochtonna

Moze, zalezy czy miatabym/-tbym na to czas i czy by mi sie to optacato

1 Na pewno nie, bo nie jestem zwolennikiem takich przedsiewzie.

9.Czy styszal/-a Pan/Pani o akcjach, w ktérych prowadzone sg

skltadowiska odpadow niebezpiecznych, do ktérych zaliczamy m.in.

leki, baterie, akumulatory, farby i rozpuszczalniki?

1 tak styszatam/-tem o takich akcjach i biore chetnie w nich udziatu

1 tak styszatam/-tem o takich akcjach, ale nie biore w nich udziatu

1 tak styszatam/-tem o takich akcjach, ale nie orientuje sie gdzie w okolicy
mojego zamieszkania sg takie miejsca

1 nie styszatam/-tem o takich akcjach

10. Czy bierze Pan/Pani chetnie udziat w corocznej akcji sprzatania

swiata, odbywajacej sie na calym swiecie w trzeci weekend wrzes$nia?
1 tak biore corocznie udziat w tej akcji z catg rodzinng
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] tak biore udziat w tej akcji i namawiam moich znajomych, przyjaciét do
wigczenia

CInie biore udziatu w tej akcji bo to szkoda czasu

" pierwszy raz stysze o prowadzeniu takiej akcji

LT P> oo [ o011,V 1=To 2

11.Czy podczas zakupow kupuje Pan/Pani reklamowki

jednorazowego uzytku?

1 tak, kupuje zawsze reklamdéwki jednorazowego uzytku

1 tak, kupuje czasami reklaméwki jednorazowego uzytku

] tak, kupuje bardzo rzadko reklamoéwki jednorazowego uzytku

1 nie kupuje reklaméwek jednorazowego uzytku, poniewaz posiadam zawsze ze
sobg torby ekologiczne do wielorazowego uzytku np. z materiatu

12.Czy zwraca Pan/Pani uwage podczas zakupow na opakowanie

danego produktu?

] tak zwracam uwage na to czy produkt jest podwdjnie czy pojedynczo
pakowany

1 opakowanie jest mi zupetnie obojetne grunt, zeby produkt fadnie sie
prezentowat

1 kupuje produkty tylko sprawdzone, tanie nie patrzac na opakowanie

13.Jakie wedlug Pana/Pani sa to odpady najbardziej niebezpieczne

dla srodowiska naturalnego? (Prosze podac przyktad)

14.Utylizacja wedtug Pana/Pani to:

] zniszczenie surowcow odpadowych lub materiatdw, ktdre stracity wartos¢
uzytkowa

1 proces polegajacy na ograniczeniu zuzycia surowcéw naturalnych oraz
zmniejszeniu ilosci odpadow

] polega na zbieraniu wielu rodzajéw odpaddw przez samorzady gminne i
przedsiebiorcdw wprowadzajgcych te towary na rynek

1 rozwéj technologii przetwarzania odpaddw, przede wszystkim w celu
wykorzystania jak najwiekszej ich czesci

1 wszystkie z powyzszych odpowiedzi sg prawidtowe

1 zadna z powyzszych odpowiedzi nie jest prawidtowa

15. Recykling wedtug Pana/Pani to:

"1 przetwarzanie (uprzednio przygotowanych) odpadow i odzyskiwanie z nich
surowcow

1 proces polegajacy na ograniczeniu zuzycia surowcéw naturalnych oraz
zmniejszeniu ilosSci odpadow

] systemem organizacji obiegu materiatéw

1 wszystkie z powyzszych odpowiedzi sg prawidtowe

1 zadna z powyzszych odpowiedzi nie jest prawidtowa

16. Dlaczego ludzie wedtug Pana/Pani powinni segregowac smieci?

17. Co wedtug Pana/Pani mogtoby zacheci¢ Pana/Panig i innych ludzi

do segregowania odpadow?
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18. Prosze o sformutowanie, chociaz jednego argumentu
przekonujacego do segregowania Smieci.

METRYCZKA

1. Ptec " kobieta ] mezczyzna

2. Wiek [0 18-24latal] 25-30lat] 31 -39 lat] 40-49latl] 50—
59 lat [J i wiecej

3. Poziom wyksztatcenia (wybierz prawidtowg odpowiedz, przy
odpowiedzi inne wpisz jakie)

] podstawowe

1 zawodowe

] $rednie ogolnoksztatcgce z maturg

'] $rednie ogolnoksztatcgce bez matury

1 $rednie techniczne z maturg

1 $rednie techniczne bez matury

1 wyzsze

5. Liczba os6b w gospodarstwie domowym ( prosze podac doktadng liczbe
np.: 4)

Analiza badan ankietowych

Wszyscy mieszkancy gminy Skarbimierz majg dostep do konteneréw zbior-
czych m.in. na szkfo, plastik i papier, ktére znajdujg sie na obszarze poszcze-
gblnych wsi. Mieszkancy jednak ptacg za wywdz $mieci nie segregowanych co
przyczynia sie do braku zaangazowania w segregacje odpaddw. Rézne czynniki
decydujg o tym czy dany mieszkaniec wigcza sie w akcje selektywnej zbidrki
oraz segregacje Smieci. Ankietowani w réznym wieku, zamieszkujacy inny ob-
szar gminy dostrzegajag w sposob odmienny swg okolice i problem zwigzany z
tzw. ,dzikimi wysypiskami”. Swiadomos¢ obywateli gminy nie jest taka sama np.
dotyczaca podstawowych poje¢ gospodarki odpadami czy odpaddw niebezpiecz-
nych. Odmienne nawyki, zwyczaje podczas zakupdw sprawiajg, ze Swiatetkiem
w tunelu na obecny stan gospodarki odpadami jest akcja sprzatania Swiata
(miedzynarodowa kampania), ktéra odbywa sie w trzeci weekend wrzesnia.
Drugim pozytywnym argumentem moze by¢ spadek zaopatrywania sie miesz-
kancow gminy w torby jednorazowego uzytku. Wnikliwa analiza poszczegdlnych
miejscowosci gminy Skarbimierz umozliwi ich poréwnanie i wyciggniecie wnios-
kéw. Szczegdtowo mozna na tej podstawie przedstawi¢ problem, jakim jest
gospodarowanie odpadami na danym terenie.

Lipki

W badaniach ankietowych wzieto udziat 50% mezczyzn i 50% kobiet tej
miejscowosci. Osoby te znajdowaty sie w réznym przedziale wieku (od 18-59 lat
i wiecej). Poziom wyksztatcenia uczestnikow badania byt poczgwszy od podsta-
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wowego po wyzsze. Liczba mieszkancdw w badanych gospodarstwach wahata
sie od 1-8 oséb/gospodarstwo domowe. Prowadzone badania we wsi Lipki dos-
tarczyly wielu ciekawych wnioskdw jak i zaskakujacych danych. Dzikie wysy-
piska niedaleko wsi badZz na jej terenie sg bardzo rzadko spotykane przez
mieszkancéw. Tylko 1% mieszkancédw dostrzega takie miejsca, reszta natomiast
(99%) twierdzi, ze takie miejsca w ogole nie wystepujg. Wnioskowa¢ mozna, ze
mieszkancom wsi zalezy na tym, aby wszystkim Zyto sie dobrze - w tadzie i po-
rzadku oraz przyjemnej atmosferze. Wszyscy mieszkancy posiadajg w swoim
gospodarstwie domowym kontener na odpady o pojemnosciach 120 | lub 240 I.

Mieszkancy deklarujg réwniez, ze w swoich domostwach segregujg odpadki
mimo, ze ptacg za Smieci nie segregowane. Cieszy ich fakt, Zze na terenie wsi
znajduja sie kontenery zbiorcze, ktdre utatwiajg im te operacje. Ok. 30% miesz-
kancow odkreca zakretki z butelek plastikowych, ktdére potem przekazuje na
szczytny cel. W Lipkach tak jak i w innych miejscowosciach gminy Skarbimierz
znajdujg sie zbiorcze kontenery na odpady m.in. na szkto, papier i plastik.

95% ankietowanych wsi Lipki kieruje sie dobrem $rodowiska podczas seg-
regacji Smieci. 5% zwraca wyfgcznie uwage na cene za wywoz odpadow, jest to
cze$¢ mieszkancdw pochodzaca z wielorodzinnych domostw.

Kopanie

W badaniach ankietowych wzieto udziat 60% mezczyzn i 40% kobiet tej
miejscowosci. Osoby te znajdowaty sie w réznym wieku (od 18 do 59 lat). Po-
ziom wyksztatcenia ankietowanych byt rézny (poczawszy od podstawowego po
wyzsze). Liczba domownikédw w badanych gospodarstwach byta rozna (od 2-6
0sob). Mieszkancy wsi Kopanie przywigzujg duzg uwage do swojego otoczenia.
Dbajg o swoje domostwa. 100% ankietowanych nie dostrzega w swojej okolicy
tzw. ,dzikich wysypisk $mieci”.

Mozna stwierdzi¢, ze ludziom zalezy na tadzie, porzadku i estetyce wsi.
Wszyscy mieszkancy posiadajg w swoim gospodarstwie domowym kontener na
odpady. W miejscowosci znajdujg sie réwniez zbiorcze kontenery na odpady
m.in. na szkto, papier i plastik. Ze wzgledu na fakt, iz ankietowane osoby segre-
gujg odpady w swoich domach nie miaty one wiekszego problemu ze wskaza-
niem koloréw poszczegoélnych zbiorczych konteneréw takich jak: makulatura,
plastik, szkto biate i kolorowe. Na terenie gminy Skarbimierz mieszkancy posz-
czegolnych wsi ptacg za odpady niesegregowane. 75% ankietowanych wsi Ko-
panie segreguje Smieci niezaleznie od ceny za ich wywdz. Czynig to przede
wszystkim kierujgc sie dobrem Srodowiska. Pozostata cze$¢ (25%) zwraca duzg
uwage na cene Smieci, za ktérych wywoz ptaci.

Zaden z mieszkaficow biorgcych udziat w badaniu nie miat problemu z wy-
mienieniem najbardziej niebezpiecznych dla Srodowiska naturalnego odpaddw.
Podane propozycje przez mieszkancow to m.in.: baterie, akumulatory, substan-
cje chemiczne, azbest, oleje. Stawiajgc w ankiecie pytania na temat tego co to
jest utylizacja, recykling chciatam sprawdzi¢ czy ludzie w gminie znajg pod-
stawowe pojecia zwigzane z gospodarkg odpadami. Pojecia te sg elementarne.
60% mieszkancdw Kopani zna pojecia takie jak utylizacja i recykling. 25% z
mieszkancdw ma problemy z okresleniem petnej definicji recyklingu. Nalezy
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sprostowad, iz osoby te orientujg sie w zagadnieniu, lecz nie potrafig go w peni
okresli¢ i zdefiniowac.

Zielecice

Z miejscowosci Zielecice w badaniach ankietowych wzieto udziat 100% ko-
biet. Byty to panie w przedziale wiekowym od 18 do 39 lat. 85% pan biorgcych
udziat w badaniu posiadato wyksztalcenie wyzsze. Pozostatg cze$¢ stanowity
kobiety z wyksztatceniem Srednim ogolnoksztatcgcym z maturg. Ankiety trafity
do licznych rodzin - w jednym gospodarstwie domowym byto od 4 do 8 osob/
gospodarstwo domowe. 40% mieszkancow Zielecic podczas spaceréw nie dos-
trzega w swojej okolicy "dzikich wysypisk $mieci”. 60% ankietowanych stwier-
dzito, ze podczas spaceru da sie zauwazyC takie miejsca. Rdznica w wypowie-
dziach moze wywodzi¢ sie z rozrzuconego potozenia domow w tej miejscowosci.

Kazdy z mieszkancow Zielecic posiada kontener na odpadki w swoim gos-
podarstwie domowym. WielkoS¢ tych konteneréw zalezy od liczby oséb w domu
oraz od tego czy dana rodzina segreguje w swoim gospodarstwie odpadki.
100% ankietowanych segreguje odpady w swoim gospodarstwie domowym.
80% badanych nie miato problemu z okreSleniem koloru poszczegolnych kon-
teneréw zbiorczych. 10% oséb biorgcych udziat w badaniu umiato wskazac¢ 2-3
kolory poprawnie kontenerdw. 10% pozostatych zupetnie nie potrafito okresli¢
koloréw konteneréw m.in. na papier, szkto, plastik. Moze to wynikac¢ z tego, ze
10% o0s6b ktorzy nie umieli okreslic barw kontenerdw, nie segreguje odpadow
albo to, Ze nie posiada jakiejkolwiek wiedzy z tej dziedziny. Zauwazy¢ mozna
tez powigzanie w wyksztatceniu tych oséb. Mieszkancy Ci posiadali podstawowe
i zawodowe wyksztatcenie i znajdowali sie w przedziale wiekowym 25-39 lat.

Kruszyna

100% kobiet wzieto udziat w tej formie badan z Kruszyny. Kobiety byly w
roznym wieku od 18 do 39 lat. 60% kobiet posiada wyksztatcenie $rednie ogdl-
noksztatcgce z maturg, pozostate 40% sg to ankietowani z wyzszym wyksztat-
ceniem. Liczba domownikéw w badanych gospodarstwach wahata sie od 3- 4
0s6b w danym gospodarstwie domowym.

W Kruszynie mieszkancy starajg sie dba¢ o swoje lokalne dziedzictwo. 60%
ankietowanych zauwaza na terenie wsi tzw. ,dzikie wysypiska $mieci”, 40%
pozostatych twierdzi wprost przeciwnie, ze na terenie ich miejscowosci takowe
nie wystepuja.

Mieszkancy Kruszyny posiadajg w swoich domostwach kontenery na od-
pady. Pojemnos$¢ pojemnika na odpadki waha sie w granicach od 60 | do 120 I.
Nieliczni gospodarze posiadajg kontener o pojemnosci 2401. Kontenery zbiorcze
na m.in. na szkto, papier i plastik chetnie sg uzytkowane przez ludnoS¢ wsi.
80% badanych nie ma wiekszego problemu z okreSleniem koloréw pojemnikow
zbiorczych, 20% natomiast zupetnie sie nie orientuje w tym zagadnieniu. Cafa
wies ptaci za wywoz Smieci nie segregowanych, moze to ten argument sprawia,
ze niektorzy ludzie we wsi nie interesujg sie segregacja.
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Pepice

W badaniach ankietowych wzieto udziat 5% mezczyzn i 95 % kobiet. Ankie-
towani znajdowali sie w przedziale wiekowym od 18 do 49 lat. 15% uczestni-
kéw posiadato wyksztatcenie Srednie ogdinoksztatcgce bez matury, 45% Srednie
techniczne z maturg, pozostate 40% stanowili mieszkancy z wyzszym wyksztat-
ceniem. Ankiety trafity do wielorodzinnych domostw, bo liczba mieszkancow
danego gospodarstwa domowego wahata sie 3-7 osdb.

10% ankietowanych stwierdza, ze podczas spaceru po okolicy mozna dos-
trzec tzw. ,dzikie wysypisko $mieci”. Pozostata cze$¢ jest innego zdania. Zbiez-
no$¢ zdan moze wynika¢ z roznej lokalizacji domostw i sposobu obserwacji
danego miejsca.

Wszyscy mieszkancy Pepic posiadajg kontener na odpadki w swoim gospo-
darstwie domowym, waha sie on od 80 | do 240 I. Wielko$¢ pojemnika najpraw-
dopodobniej zalezy od liczby domownikdéw oraz od tego czy rodzina segreguje
Smieci. 100% ankietowanych deklaruje sie, ze segreguje odpady w swoim
gospodarstwie domowym. 75% badanych nie miato problemu z okresleniem
koloru kontenerdw zbiorczych m.in. na papier, szkto kolorowe czy biate i plastik.
15% pozostatych osdb biorgcych udziat w badaniu umiato wskazaé 2 kolory po-
jemnikdéw poprawnie. 10% zupetnie nie potrafito okresli¢ kolorow kontenerow,
najprawdopodobniej nie segregujg one odpaddw albo posiadajg ubogg wiedze
w tym zakresie.

Skarbimierz Osiedle

W badaniach ankietowych wzieto udziat 80% mezczyzn i 20% kobiet. Osoby
te byty w wieku od 25 lat do 49 lat oraz posiadaty wyksztatcenie $rednie tech-
niczne z maturg badz bez. Liczba domownikdw w badanych gospodarstwach
wahata sie od 2 do 4 osdéb/gospodarstwo domowe. Mieszkancy Skarbimierza
Osiedla w 80% nie dostrzegajg ,dzikich wysypisk”, natomiast 20% twierdzi, ze
gdzieniegdzie mozna takie spotkac np. na lotnisku.

Wszyscy mieszkancy osiedla posiadajg w swoich mieszkaniach kontener na
odpady. Wielko$¢ kosza na Smieci jest jednak rézna. W miejscowosci tej znaj-
dujg sie réwniez zbiorcze kontenery na odpady m.in. na szkto, papier i plastik.
Ankietowane osoby segregujgce odpady w swoich domach nie miaty wiekszego
ktopotu ze wskazaniem koloréw konteneréw zbiorczych tj.: makulatura, plastik,
szkto biate i kolorowe. Na terenie gminy Skarbimierz mieszkancy poszczegdl-
nych wsi jak i osiedla Skarbimierz ptacg za odpady niesegregowane. 35%
badanych deklaruje, ze segreguje $mieci niezaleznie od ceny za ich wywdz,
poniewaz kierujg sie przy tym dobrem Srodowiska. Pozostata czeS¢ ankieto-
wanych (65%) zwraca uwage na cene Smieci, za ktérych wywoz ptaci.

Brzezina

W badaniach ankietowych wzieto udziat 75% kobiet i 25% mezczyzn. Osoby
te byty w wieku od 25 lat do 30 lat. Wszyscy ankietowani posiadali wyksztat-
cenie wyzsze. Liczba domownikéw w badanych gospodarstwach wahata sie od
1 do 4 osdb. Mieszkancy Brzeziny w 100% nie dostrzegajg ,dzikich wysypisk”
spacerujac po terenie jak i okolicy wsi.
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Ludzie mieszkajgcy w tej wsi posiadajg w swoich mieszkaniach kontener na
odpady. Pojemnos¢ kubtéw na odpadki jest jednak rézna. W Brzezinie znajduja
sie réwniez zbiorcze kontenery na odpady m.in. na szkto, papier i plastik. Bada-
ni biorgcy udziat w ankiecie nie mieli problemu, aby okresli¢ kolorystyke pojem-
nikdw zbiorczych na odpadki. 55% badanych deklaruje, Zze segreguje $mieci
niezaleznie od ceny za ich wywdz, poniewaz kierujg sie przy tym dobrem $rodo-
wiska. Pozostata czeS¢ ankietowanych (45%) zwraca uwage na cene $mieci, za
ktorych wywoz ptaci. 100% ankietowanych styszato o akcjach, w ktérych pro-
wadzone sg zbidrki odpaddw niebezpiecznych tj. baterie, akumulatory, farby
i rozpuszczalniki. Biorg oni chetnie udziat w prowadzonych takich przedsiew-
zieciach.

tukowice Brzeskie

W ankiecie z wsi tukowice Brzeskie wzieto udziat 15% kobiet i 85% mez-
czyzn. Osoby te byty w wieku od 31 lat do 49 lat. Wszyscy ankietowani posia-
dali wyksztatcenie Srednie (techniczne badz ogdlnoksztatcace z maturg lub bez).
Liczba mieszkancéw w badanych gospodarstwach wahata sie od 3 do 6 0sob.

Mieszkancy tukowic Brzeskich w 98% nie dostrzegajg ,dzikich wysypisk” na
terenie wsi jak i w okolicy. Jedynie 2% ankietowanych uwaza, ze czasami pow-
stajg tego typu miejsca. 98% uczestnikow ankiety wie o akcjach podczas, kto-
rych zbierane sg odpady niebezpieczne oraz bierze udziat w tego rodzaju przed-
siewzieciu. 2% mieszkancéw nie styszato o tego rodzaju akcjach prowadzonych
na terenie miejsca zamieszkania jak i okolicy.

Mieszkancy posiadajg zaréwno w swoich domach kontenery o réznej pojem-
nosci jak i na terenie wsi pojemniki zbiorcze. Ankietowani w 45% deklaruja, ze
segregujgc $mieci mimo, ze ptacg za wywdz odpadkdéw nie segregowanych,
kierujg sie dobrem Srodowiska. Pozostata cze$¢ 55% badanych zwraca uwage
na cene $mieci, za ktérych wywoz pfaci.

Zwanowice

W ankiecie wzieto udziat 65% kobiet i 25% mezczyzn. Ankietowani znajdo-
wali sie w wielu od 25 do 59 lat. Byly to osoby posiadajgce wyksztatcenie po-
czawszy od Sredniego na wyzszym konczac. Liczba oséb w gospodarstwach do-
mowych wynosita $rednio po 3 osoby. Mieszkancy Zwanowic w 100% nie dos-
trzegajqa ,dzikich wysypisk” w swojej okolicy.

Wszyscy posiadacze gospodarstw domowych posiadajg w swoich domos-
twach pojemniki na odpady. Na terenie wsi obecne sg réwniez zbiorcze konte-
nery m.in. na papier, szkfo i plastik. Uczestnicy ankiety w 55% deklarujg, ze se-
gregujagc $mieci kierujg sie dobrem $rodowiska, mimo Zze ptacg za wywoz
odpadkdéw nie segregowanych,. Pozostata cze$¢ 45% badanych zwraca uwage
na cene $mieci, za ktérych wywaz ptaci.

100% ankietowanych posiada wiedze o prowadzonych akcjach, podczas

ktorych zbierane sg odpady niebezpieczne oraz bierze w nich chetnie udziat.
6% ankietowanych ze Zwanowic nie kupuje jednorazowych opakowan (jednora-
z6wek) podczas zakupdw. 94% robi wrecz przeciwnie tzn. kupuje je czesto badz
bardzo rzadko. 44% zaopatruje sie czesto podczas robionych zakupdw w jed-
norazowe reklaméwki. 50% zas bardzo rzadko je pozyskuje w czasie zakupdw.
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Predocin

Predocin reprezentowato 35% kobiet i 65% mezczyzn. Osoby te znajdowaty
sie w wieku od 25 do 59 lat i wiecej. Uczestnicy ankiety posiadali gtdwnie
wyksztatcenie Srednie (techniczne badz ogdinoksztatcgce z maturg lub bez).
Liczba mieszkancow w domostwach uczestnikdw badan nie byta duza, poniewaz
wahata sie ona od 1-3 os6b/gospodarstwo domowe.

Nielegalne sktadowiska odpaddw sg nie zauwazalne przez tutejszych miesz-
kancow. 100% zgodnos$¢, ze takie miejsca nie wystepujg na terenie wsi jak i w
jej okolicy.

Kontenery na odpady ogodlne, nie segregowane posiadajg wszyscy miesz-
kancy wsi, majg oni réwniez dostep do zbiorczych pojemnikdw, ktdre znajdujg
sie na terenie Predocina. Uczestnicy badan ankietowych w 45% podczas seg-
regacji odpaddéw kierujg sie dobrem S$rodowiska. 55% kieruje sie ceng $mieci,
za ktérych wywaoz ptaci.

100% uczestnikdw ankiety wie o prowadzonych akcjach, podczas ktérych
zbierane sg odpady niebezpieczne oraz bierze w nich chetnie udziat.

Do podstawowych poje¢ dotyczacych gospodarki odpadami nalezy m.in.
utylizacja i recykling. 55% zna pojecie utylizacji, zas 45% ma problemy z pop-
rawnym jej wskazaniem. 100% ankietowanych natomiast nie ma problemu, aby
podac prawidtowo definicje recyklingu.

Skarbimierz wies

W tym miejscu osiggnieto bardzo podobne wyniki analizy ankiet, co w Skar-
bimierzu Osiedle. Mozna stwierdzi¢, ze rdznice sg niezauwazalne. Odlegtos¢
osiedla od wsi jest niewielka, wiec stad moze wynikach ta nie réznorodnosé
wynikow. Roznice mozna dostrzec jedynie w uczestniczacych osobach, ponie-
waz w badaniach ankietowych wzieto udziat 15% mezczyzn i 85% kobiet. Oso-
by te byly w wieku od 18 lat do 30 lat oraz posiadaty wyksztatcenie zawodowe,
Srednie techniczne z maturg badz bez, jak i srednie ogdinoksztatcgce z matura.
Liczba domownikéw w badanych gospodarstwach wahata sie od 3 do 4 osdb.

Bierzéw

Wie$ ta znajduje sie, blisko tukowic Brzeskich. Niektdrzy przejezdzajac
przez obie te wsie nie potrafig odrozni¢ gdzie sie konczy jedna a zaczyna druga.
Mieszkancy miejscowosci bardzo podobnie odpowiadali na pytania ankietowe.
Rdznice sg niewielkie, mozna stwierdzi¢, ze praktycznie nie do zauwazenia. Mo-
ze to wynikac z bliskiej lokalizacji obu miejscowosci i pojawiajgcych sie podob-
nych punktdw widzenia mieszkancow - sgsiadéw. Rdznica pojawia sie gtdwnie w
metryczce uczestnikbw ankiety. Z Bierzowa w badaniu wzieto udziat 50%
mezczyzn i 50% kobiet. Osoby te byty w wieku od 25 lat do 59 lat i wiecej oraz
posiadali oni wyksztatcenie poczawszy od podstawowego do wyzszego. Liczba
mieszkancdéw danego gospodarstwa domowego wahata sie od 2-6 osob.
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Zlobizna

Ze Ztobizny w badaniach ankietowych brato udziat 55% kobiet i 45% mez-
czyzn. Uczestnicy znajdowali sie w wielu od 18 do 59 lat. Osoby te miaty wy-
ksztatcenie Srednie (techniczne jak i ogodlnoksztatcgce z maturg badz bez). Do-
mownicy domostw ankietowanych posiadali od 2-4 domownikow gospodarstwa
domowego.

,Dzikie wysypiska odpadow” sg tylko w 1% dostrzegane przez mieszkancéw
wsi. Pozostate 99% nie widzi ich w swojej okolicy, wiec stwierdza, ze takowe
miejsca nie istniejq.

Pojemniki na odpadki posiadajg wszyscy ankietowani. Zauwazajg oni row-
niez kontenery zbiorcze na terenie wsi Ztobizna. Ankietowani w 5% podczas
segregacji odpadow kierujg sie dobrem S$rodowiska. Pozostate 95% kieruje sie
ceng Smieci, za ktérych wywdz ptaci.

Pawiow

Z Pawtowa w ankiecie wzieto udziat 100% mezczyzn. Grupa osob biorgcych
udziat w badaniu posiadata od 18 do 25 lat. Osoby te miaty wyksztatcenie
zawodowe i techniczne z maturg badz bez. Liczba mieszkancéw w domostwach
uczestnikow badan wahata sie od 1-4 os6b/gospodarstwo domowe. 86% ankie-
towanych sadzi, ze na terenie Pawtowa nie ma dzikich wysypisk odpaddéw. 14%
jest innego zdania.

Pojemniki zbiorcze na plastik, szkto czy papier znajdujg sie na terenie wsi
Pawtow. Mieszkancy ptacg za $mieci nie segregowane, wszyscy posiadajg row-
niez pojemniki na $mieci o réznej pojemnosci. Ankietowani z Pawtowa w 15%
podczas segregowania swych odpadow kierujg sie dobrem srodowiska. Dla 85%
gtéwnym wyznacznikiem jest cena, za ktorych wywdz placi.

Matujowice

Matujowice reprezentowato 70% kobiet i 30% mezczyzn. Osoby te byly w
wieku od 18 do 59 lat i wiecej, posiadaly wyksztatcenie poczgwszy od zawo-
dowego po wyzsze. W domostwach liczba domownikdw wahata sie od 3-6 osdb
/gospodarstwo domowe.

Nielegalne sktadowiska odpaddw stwarzajg spore zagrozenie dla Srodowis-
ka. Na szczeScie mieszkancy Matujowic tylko w 1% je zauwazajg. 99% ankieto-
wanych jest zdania, ze takie miejsca nie wystepujg w ich miejscowosci i okolicy.

W Matujowicach nie ma probleméw z pojemnikami na odpady, poniewaz
mieszkancy posiadajg wtasne zbiorniki oraz kontenery zbiorcze na terenie wsi.
Mieszkancy biorgcy udziat w badaniu deklaruja, ze 60% podczas segregacji od-
padéw kierujg sie dobrem Srodowiska, mimo, ze ptacg za Smieci nie segre-
gowane. 40% zwraca uwage przede wszystkim na cene $mieci, za ktérych wywdz
ptaci.

Whioski z badan ankietowych

e badanie miato pokazac czy mieszkancy posiadajg jakakolwiek wiedze na
temat gospodarowania odpadami
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e im wyzsze wyksztatcenie tym wieksza Swiadomos¢ ekologiczna obywateli,

e im czlowiek starszy, dojrzalszy wiekowo tym wiecej wie o dobrym gospo-
darowaniu odpadow,

e im wiecej domownikdow w gospodarstwie domowym tym wiekszy kubet
na odpadki dana rodzina posiada,

e podawane przez ankietowanych odpadki niebezpieczne moga dotyczyc
miejsc pracy, w ktorych mieszkaniec pracuje badz, z ktdrymi ma czesty
kontakt w zyciu codziennym,

e zbiorcze kontenery m.in. na plastik, papier czy szkto znajdujgce sie w
kazdej miejscowosci gminy umozliwiajgc mieszkancom mozliwoS¢ ograni-
czenia odpadow w domowych kontenerach, a zarazem zmniejszenie
pojemnika i obnizenie kosztéw za jego wywdz,

e cena jest waznym wyznacznikiem w trudnych czasach, co moze odbijac
sie na gospodarce odpadami,

e 0gdlna dobra swiadomos¢ dotyczaca odpaddw niebezpiecznych, ich zbior-
ki, rodzajéw oraz elementarnych poje¢ z tego zakresu.

Analiza porownawcza miejscowosci w Gminie Skarbimierz pod katem
swiadomosci i zwyczajow zwigzanych z gospodarowaniem odpadami
w gospodarstwach domowych

e na terenie Gminy Skarbimierz mieszkancy w wiekszej czesci nie dostrze-
gaja, tzw. ,dzikich wysypisk”, wyjgtkiem jest m.in. Skarbimierz Osiedle,
Zielecice,

e 0soby segregujgce odpady w swoim gospodarstwie domowym znajg ko-
lorystyke pojemnikdw zbiorczych tj. na papier, szkto biate i kolorowe oraz
plastik,

e W Gminie Skarbimierz mozna podzieli¢ ludzi na tych, co segregujac od-
pad czynig to kierujgc sie dobrem Srodowiska i na tych, co kierujg sie
wzgledami finansowymi, np. w Matujowicach,

e duza cze$¢ mieszkancow gminy styszata o akcjach zbidrki odpaddw nie-
bezpiecznych, do ktérych chetnie sie wiacza,

e akcje sprzatania Swiata cieszg sie sporym zainteresowaniem i aktywnos-
cig mieszkancdw m.in. w Ztobienie, Matujowicach,

e opakowania jednorazowe (torby jednorazowego uzytku) majg wielu
swych zwolennikdw, Swiatetkiem w tunelu jest jednak grupa ludzi, ktéra
dbajac o Srodowisko nosi zawsze ze sobg eko - torby np. w Lipkach,

e gtdwne determinanty towarzyszace podczas zakupu opakowania sg roz-
ne, analizujac cato$¢ mozna stwierdzi¢, ze dominuje ekonomia-wzgledy
finansowe,

e pojecia elementarne dot. gospodarowania odpadami sg rdznie zaznajo-
mione przez mieszkancéw gminy, wynika to z wielu przyczyn m.in. z wy-
ksztatcenia, wieku, zainteresowania zagadnieniami,

e mieszkancy gminy sg bardzo kreatywni w tworzeniu argumentow i haset
namawiajgcych do zmiany nawykdw i rozpoczeciu segregacji odpadow.

Monografia 147



Propozycje zmian gospodarowania odpadami na terenie gminy

Skarbimierz, wynikajace z przeprowadzonej analizy to m.in.:

rozwoj selektywnej zbiorki odpadéw komunalnych,

podnoszenie $wiadomosci spotecznej dotyczacej gospodarowania odpa-
dami,

rekultywacja wypetnionych sktadowisk odpadéw komunalnych,

czestszy odzysk i unieszkodliwianie odpaddw,

unowoczesnienie kontenerédw m.in. na plastiki, aby zapobiec rozprzes-
trzenianiu sie dzikich wysypisk wokdt kontenerdw na odpady selektywnie
zbierane,

rozprzestrzeni¢ tzw. EKO- kontenery.
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ANAL 1ZA POROWNAWCZA ZESPOLOW GLONOW
W ZBIORNIKU TURAWA

Streszczenie

Kazdy zbiornik wodny ma okreslony sktad gatunkowy organizméw. O wystepowaniu i
rozwoju zbiorowisk glondw w ekosystemach wodnych decydujg biogeny, obecne czesto
w nadmiernych stezeniach w allochtonicznej materii organicznej doptywajacej do waod.
Nadmierny rozwdj glonéw w jeziorach naturalnych i sztucznych jest wynikiem eutro-
fizacji wod. Typowym czasem zakwitow glonow jest pozne lato i na ogdt zakwit sinic
trwa od tygodnia do 14 dni. W pracy zaprezentowano badania mikroflory (fitoplanktonu
i peryfitonu) w retencyjnym jeziorze Turawa. Glony nalezaty gtéwnie do grupy sapro-
ksendéw i pojedynczo do saprofili. Badany akwen ma walory przyrodnicze, estetyczne
oraz rekreacyjne.

Stowa kluczowe: glony, substancje biogenne, stanowisko badawcze, stezenie
biogenow

Wstep

Zanieczyszczenia w roznej ilosci i o zmiennym natezeniu dostajace sie do
wdd powierzchniowych powodujg zmiany parametréw fizykochemicznych i bio-
logicznych w wodach. Zaburzenia te wywotujg zjawiska przyczyniajgce sie do
modyfikowania zespotdéw organizmow i gatunkéw. Zwigzki chemiczne sg pobie-
rane przez rosliny w strefie litoralu oraz przez te catkowicie zanurzone w wo-
dzie. To powoduje rozwdj tych roslin i zmniejszenie jednoczesnie ilosci zanie-
czyszczen w Srodowisku wodnym. Wsrdd drobnych roslinnych organizméw za-
mieszkujgcych wody powierzchniowe nalezy wymieni¢ glony. Najczesciej spoty-
kanymi wsréd nich gatunkami sg przedstawiciele trzech grup glonow:
Bacillariophyceae, Chlorophytai Cyanophyta (Fot. 1 —4).
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Fot. 1. Bacillariophyceae [18] Fot. 2. Cyanophyta [18]
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Fot. 314 Chlorophyta [18]

Zjawisko eutrofizacji powoduje szkodliwe nastepstwa ekologiczne, jak ma-
sowy rozwdj roslinnosci wodnej i zbyt intensywng aktywnosS¢ drobnoustrojow
zuzywajgcych znaczne ilosci tlenu. Skutkiem tego jest m.in.; obnizenie produkcji
biologicznej i wyniszczenie wielu wrazliwych tlenolubnych gatunkéw zwierzat,
ustepujacych miejsca gatunkom o mniejszych wymaganiach. Graniczne stezenie
azotu, powyzej ktérego moze nastgpi¢ intensywny rozwoj glonéw to 0,3 mg/
Ndm™ [3]. To gtéwnie sinice (Cyanobacteria) s odpowiedzialne za zakwity wod
stojgcych, gdyz preferujg jeziora i zbiorniki zaporowe. W zbiorniku turawskim
zakwit sinicowy utrzymuje sie znacznie diuzej, co wskazuje na silne obcigzenie
Jeziora Turawskiego materig organiczng [6].

Celem badan prowadzonych w zbiorniku retencyjnym Turawa w latach 2007
i 2015 byto pokazanie zespotéw glonéw rozwijajacych sie pod wptywem istnie-
jacych warunkoéw fizykochemicznych wody jeziorne;j.

Charakterystyka biologiczna Zbiornika Turawa

Zbiornik retencyjny Turawa nalezy do grupy zbiornikéw nizinnych i charak-
teryzuje sie duzg powierzchnig oraz niewielkg gtebokoscig (Ryc. 1), [7], [15].

Wieksza czeS¢ powierzchni dna zbiornika Jeziora Turawa pokryta jest alu-
wialnymi mutami. Dno piaszczyste wystepuje przy pdtnocnym brzegu jak row-
niez w zatoce przy zaporze czotowej. Brzegi zbiornika zagospodarowane sg w
wiekszosci osrodkami rekreacyjnymi. Fragmenty roSlinnosci szuwarowej w pos-
taci luznych skupien patki waskolistnej i trzciny pospolitej wystepujg przy pot-
nocnym brzegu zbiornika w silniej zamulonych miejscach (Fot. 5).
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Ryc. 1. Potozenie Jeziora Turawskiego

Fot. 5. Pétnocna cze$¢ Jeziora Turawa ze skupiskami roslinnosci szuwarowej
i objawami zakwitu drobnymi (jednokomdérkowymi) glonami
- wrzesien 2015 [19]

Mata przezroczystos¢ wody zwigzana z czestymi i silnymi zakwitami glonow,
gtéwnie sinic w okresie lata i jesieni uniemozliwia powstanie w gtebszych par-
tiach zbiornika zespotow roslinnosci podwodnej. W zespotach zooplanktonowych
jest brak duzych form Cladocerai Copepoda. Swiadczy to o silnej presji ryb na
zooplankton i co za tym idzie postepujacej trofii zbiornika. Wskutek silnych pra-
déw wody zwigzanych ze sposobem wykorzystania zbiornika, uniemozliwione
jest wytworzenie bogatych i ztozonych zespotéw bentosowych. Wsrdd organiz-
mow bentosowych dominujg larwy Chironomidae i pijawki. Ponadto w niewiel-
kich ilosciach wystepujg larwy wazek, chruscikdw, Slimaki i skgposzczety [5].
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Materialy i metody badan

W latach 2007 i 2015 miejscem badan hydrobiologicznych i fizyczno-che-
micznych byto duze Jezioro Turawskie (Rys. 1). Analizie poddano fitoplankton
i peryfiton Jeziora Turawskiego. Punkt poboru préb w 2007 roku zlokalizowano
po potudniowej stronie Jeziora Turawskiego wystawionej na bezposrednia eks-
pozycje stonca, w sasiedztwie Sredniego Jeziora (Fot. 6), (Rys. 1). Materiat do
badan pobierano od czerwca do pazdziernika raz w tygodniu o jednakowej
porze.

Fot. 6. Stanowisko badawcze pod koniec lipca 2007 roku [20]

W 2015 roku punkt poboru préb zlokalizowany byt po pétnocnej stronie Je-
ziora Turawskiego naprzeciwko osrodka PZW, na wlocie do naturalnie utworzo-
nej zatoczki, w ktorej gtebokos¢ wody wynosi ok. 1,5 m (Fot. 7). W tym miejscu
zostat umieszczony zbiornik w postaci komory z brezentu o powierzchni 1,5 ara
(Fot. 8). Miato to utatwi¢ pobieranie prob peryfitonu, gdyz drobne glony z tat-
woscig zasiedlajg duze powierzchnie zanurzone w wodzie.

Fot. 7. Zatoka Jeziora Turawskiego — brzeg ze skupiskami roslinnosci szuwarowej [19]
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Fot. 8. Zatoka Jeziora Turawskiego z obecng rdestnicg ptywajaca
(Potamogeton natans) [19]

W ramach badan biologicznych wéd jeziora w 2015 roku, analizie mikrosko-
powej poddano peryfiton i fitoplankton. Materiat do badan mikroskopowych po-
bierano w sierpniu, wrzesniu i pazdzierniku. Na konfcu sierpnia zebrano wytgcz-
nie préby planktonowe (oznaczone jako 1, 2, 3, 4, 5). Nastepnie we wrze$niu
i pazdzierniku dwie préby byty zebrane na zewnatrz zbiornika badawczego —
(préba 6) (proba 7). Natomiast jedna proba zlewana byfa pobierana wewnatrz
komory doswiadczalnej (préba 5).

Materiat biologiczny do badan mikroskopowych pobierano siatkg plankto-
nowg (fitoplankton) o $rednicy oczek 55 - 60 um (siatka nr 25). Przez siatke
przelewano 50 litrw wody, a nastepnie zgromadzony w zbiorniku siatki mate-
riat biologiczny przenoszono do probdwek i zakrecanych 100 ml plastikowych
pojemnikow.

Peryfiton pobierano z okoto 5 cm? powierzchni $ciany zbiornika w 4 miejs-
cach (préby oznaczone jako 1, 2, 3, 4). Byly to dwie préby zebrane naprzeciw-
legtych $cianach od zewnatrz (1 i 4 préba) i dwie préby zebrane od wewnatrz (2
i 3 proba). Jedna Sciana usytuowana byfa od strony potgczenia wody jeziora z
zatoka, a druga po stronie przeciwnej ograniczonej brzegiem zatoki. Préby zdra-
pywano ze Scian zbiornika i przenoszono do zakrecanych 100 ml plastikowych
pojemnikow.

W celu poprawnej identyfikacji taksonéw wykorzystano mikroskop optyczny.
W laboratorium przygotowywano po 3 ptynne preparaty mikroskopowe z proby.
Na szkietku przedmiotowym umieszczano 2 krople wody i pokrywano roztwor
szkietkiem nakrywkowym o wymiarach 24 x 24 mm. Tak przygotowane prepa-
raty przegladano w catosci pod mikroskopem okreslajgc taksony i liczac posz-
czegdlne osobniki w kazdym preparacie. Uzywano mikroskopu biologicznego
oznaczajac oraz liczac gatunki przy powiekszeniu 400x. Postepowano zgodnie z
metodami uwzglednionymi w opracowaniach [4], [9], [10], [14]. Gatunki glo-
now oznaczano postugujac sie kluczami nastepujacych autoréw: [1], [2], [12],
[14], [16]. Do opracowania sktadu gatunkowego i ilosciowego glonéw zastoso-
wano skale szacunkowg [13], [14], [16], [17].

Prébki wody do badan wskaznikdw fizykochemicznych pobierano bezpos-
rednio do 2 litrowego stoika ze szlifowanym korkiem. Oznaczono nastepujace
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wskazniki: temperature, odczyn, tlen rozpuszczony, ChZT, azot ogdlny (N), jony
amonowe (NH,), fosforany (PO,4), azotyny (NO;) i azotany (NOs3), zelazo oraz
fosfor ogolny.

Wyniki badan

W 2007 roku probach fitplanktonu oznaczono 49 taksondéw glondéw naleza-
cych do 6 grup systematycznych. Wsrdd wszystkich taksonéw wyrdzniono 26
gatunkoéw wskaznikowych. Saprokseny byly liczniejsze — 19 gatunkéw, a sapro-
file miaty 7 przedstawicieli (Tab. 1).

Tabela 1. Lista glonéw planktonowych w Jeziorze Turawskim w 2007 roku

Jednostka systematyczna eﬁ)dlggisct:r?a
1 CYANOPHYCEAE
1 | Anabaena spiroides Klebahn saproksen
2 | Aphanothece n. det.
3 | Merismopedia punctata Meyen
4 | Microcystis aeruginosa (Kutzing) Kitzing saproksen
5 | Microcystis aeruginosa flos-aquae Kiitzing saproksen
6 | Microcystis viridis (A.Braun) Lemmermann
7 | Microcystis wesenbergii (Komarek) Komarek
8 | Nostoc linkia (Roth) Born.et Flah. saproksen
9 | Oscillatoria chalybea (Mertens) Gomont. saprofil
10 | Oscillatoria n. det.
11 | Oscillatoria agardhii Gomont saproksen
12 | Oscillatoria redekei Goor saprofil
13 | Phormidium n.det.
11 CHLOROPHYTA
1 | Closterium acerosum (Schrank) Ehrenb. saprofil
2 | Cosmarium formosulum Hoff
3 | Elaktrothrix n. det.
4 | Kirchneriella lunaris (Kirchner) K.Mobius
5 | Pediastrum boryanum Menegh. saproksen
6 | Pediastrum duplex Meyen. saprofil
7 | Pediastrum simplex Meyen saproksen
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8 | Pediastrum tetras (Ehrenberg) Ralfs

9 | Scenedesmus acuminatus (Laherh.) Chodat. saproksen
10 | Scenedesmus quadricauda (Turp) Breb. saproksen
11 | Schroederia n.det.

12 | Sphaerocystis n.det.

13 | Staurastrum cingulum (West & G.S.West) G.M.Smith

14 | Staurastrum gracile Ralfs ex Ralfs

i CHRYSOPHYCEAE

1 | Synura uvella Ehrenberg saproksen
v CRYPTOPHYTA

1 | Cryptomonas n.det.

\% EUGLENOPHYCEAE

1 |Euglena n.det.

2 | Phacus net.

3 | Phacus longicauda (Ehrenberg) Dujardin

4 | Strombomonas urceolata (A.Stokes) Deflandre

5 | Trachelomonas n.det.
Vi BACILLARIOPHYCEAE

1 |Asterionella formosa Hass. saproksen
2 | Asterionella gracillima (Hantzsch) Heiberg

3 | Caloneis silicula (Ehrenberg) Cleve

4 | Cymbella ventricosa Kiitz. saproksen
5 | Cymbella radiosa Reichelt

6 | Fragilaria capucina Desm. saproksen
7 | Fragilaria crotonensis Kitt. saproksen
8 | Gomphonema parvulum (Katz) Grun. saproksen
9 | Melosira varians C.Agardh saproksen
10 | Melosira granulata (Ehrenberg) Ralfs saproksen
11 | Navicula cryptocephala Kitz. saprofil

Monografia

155



12 | Navicula gracilis Ehr. saproksen
13 | Navicula radiosa Kitz. saproksen
14 | Navicula viridula Kitz. saprofil
15 | Nitzschia acicularis W. Sm. saprofil

W 2007 roku najbardziej liczne w gatunki grupy systematyczne glonow
planktonowych, to: Cyanophyta, Chlorophyta, Bacillariophyceae, Euglenophyce-
ae. Oznaczono wsrdd nich przedstawicieli gtdwnie z rodzajow Microcystis, Aste-
rionella, Fragilara, Closterium, Cosmarium, Pediastrum. Najliczniej reprezento-
wane byly gatunki z Bacillariophyceae - 15 taksondw, po nich byty Chlorophyta
- 14 taksonéw. W grupie Cyanophyta oznaczono 13 taksondw. Pozostate grupy
byty mniej liczne w gatunki i nalezaty do nich Euglenophyceae, Cryptophyceae,
Chrysophyceae (Ryc. 2).

CHRYSOPHYCEAE CRYPTOPHYCEAE
2% 2%

EUGLENOPHYCEAE
10%

Ryc. 2. Procentowy udziat wyzszych jednostek systematycznych glonéw w roku 2007

Z Bacillariophyceae najczesciej w 2007 roku wystepowaty Asterionella for-
mosa (Fot. 9), Fragilaria crotonensis, Melosira granulata. Wsrdd Chlorophyta
byty to gtdwnie Pediastrum duplex i Pediastrum boryanum. W grupie Cyano-
phyta oznaczono dominacje gatunkdw Microcystis aeruginosa, Microcystis aeru-
ginosa flos-aquae, /I/l/'crrocyst/s viridis, Microcystis wesenbergii.

Fot. 9. Asterionella formosa [18]
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W 2015 roku w probach fitosestonu i peryfitonu oznaczono tgcznie 33 tak-
sony glonoéw nalezacych do 3 grup systematycznych (Ryc. 3).

BACILLARIOPHYCEAE
55%

Ryc. 3. Procentowy udziat wyzszych jednostek systematycznych glonéw w roku 2015

Wsrdéd wszystkich oznaczonych taksonéw 12 byto w planktonie, a 32 repre-
zentowaty peryfiton. W biosestonie zaobserwowano 6 taksondw zielenic, 4 ok-
rzemek i 2 sinic. W peryfitonie natomiast najwiecej byto gatunkdéw okrzemek
(18), mniej zielenic — 12 taksondw i 2 gatunki sinic (Tab. 2).

Tabela 2. Lista glonéw w planktonie i peryfitonie w Jeziorze Turawskim w 2015 roku

Jednostka w w
ekologicznal planktonie | peryfitonie
[ CYANOPHYCEAE
Microcystis aeruginosa (Kitzing) Kitzing saproksen
2 | Microcystis aeruginosa flos-aquae Kutzing | saproksen +
T CHLOROPHYTA
1 |Cladophora glomerata (L) Kutz. saproksen +
2 | Closterium leibleinii Kiitz. saproksen +
3 | Cosmarium botrytis Menegeh. saproksen + +
4 | Gonium n.det. +
5 | Oedognium n.det. +
6 |Pandorina n.det. +
7 | Pediastrum boryanum Menegh. saproksen +
8 | Pediastrum duplex Meyen. Breb. saprofil
9 | Scenedesmus acutus Meyen +
10 | Scenedesmus dimorphus (Turpin) Kitzing +
11 | Scenedesmus quadricauda (Turp) Breb. saproksen +
12 | Staurastrum paradoxum Meyen ex Ralfs + +
13 | Stigeoclonium tenue (C.Agardh) Kitzing saproksen +
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i BACILLARIOPHYCEAE

1 | Cocconeis placentula Ehr. saproksen +
2 | Cymbella ventricosa Kitz. saproksen +
3 |Fragilaria crotonensis Kitt. saproksen + +
4 | Gomphonema constrictum Ehr. saproksen +
5 | Gomphonema olivaceum (Lyngb.) Kutz. saproksen +
6 | Gomphonema parvulum (Kiitz) Grun. saproksen +
7 | Melosira granulata (Ehrenberg) Ralfs saproksen +
8 | Melosira varians C.Agardh saproksen + +
9 | Navicula cryptocephala Kiitz. saprofil +
10 | Navicula gracilis Ehr. saproksen +
11 | Navicula radiosa Kutz. saproksen +
12 | Navicula viridula Kiitz. saprofil +
13 | Nitzschia acicularis W. Sm. saprofil +
14 | Nitzschia palea Kitz. W. Sm. saprofil +
15 | Pinnularia viridis (Nitzsch.) Ehr. saproksen +
16 | Pinnularia maior (Kitz) Cl. saproksen +
17 | Suriella tenera W.Gregory saproksen +
18 | Synedra ulna (Nitzsch.) Ehr. saproksen + +

Najliczniej reprezentowane byly w 2015 roku gatunki z Bacillariophyceae -
18 taksonodw, a posrdd nich najczesciej wystepowaty Gomphonema constrictum,
Gomphonema olivaceum, Fragilaria crotonensis, Melosira granulata. Nastepnie
byty Chlorophyta - 13 taksondw, a wsrdd nich gtdwnie Cosmarium botrytis,
Pediastrum boryanum, Scenedesmus quadricauda. Cosmarium botrytis to gatu-
nek szeroko rozpowszechniony i odporny na zanieczyszczenia organiczne [16].
W grupie Cyanophyta oznaczono 2 taksony, z dominacjg Microcystis aeruginosa.
Wystepowanie Cyanophyta, Chlorophyta, Bacillariophyceae w sktadzie gatunko-
wym jest uwazane za ceche typowq dla zbiornikéw retencyjnych [8].

W 2007 roku gatunki Cyanophyta z rodzaju Microcystis w Jeziorze Turaw-
skim wystepowaty masowo w caltym okresie badawczym. Najwieksze zakwity
tworzyty 2 gatunki: Microcystis aeruginosa i\ Microcystis wesenbergii. Najsilniej-
sze zakwity Microcystis aeruginosa odnotowano w czerwcu, lipcu, wrzesniu,
pazdzierniku i z poczatkiem sierpnia. Natomiast Microcystis wesenbergii najin-
tensywniejsze zakwity tworzyt w czerwcu, lipcu, wrzesniu i czeSciowo w sier-
pniu. Microcystis aeruginosa flos-aquae najsilniej rozwijat sie w drugiej potowie
lipca, dwukrotnie w sierpniu oraz na przetomie wrzesnia i pazdziernika. Micro-
cystis viridis tworzyt zakwity pojedynczo w czerwcu, lipcu, sierpniu i wrzesniu.
W tym czasie, wedlug badan przeprowadzonych przez Wojewddzky Stacje
Sanitarno-Epidemiologiczng w Opolu nastgpito pogorszenie jakosci wody w zak-
resie wskaznikow fizykochemicznych takich jak barwa, zapach gnilny wody,
wysokie BZTs [6]. Najczesciej w pordwnaniu z pozostatymi przedstawicielami
grupy Chlorophyta wystepowat w Jeziorze Turawskim rodzaj Pediastrum Ziele-
nice nie bedagc dominantami, nie tworzyly zakwitdw w jeziorze. Przedstawiciel
Bacillariophyceae, gatunek Asterionella formosa wystepowat zawsze podczas
analiz i pojawiat sie masowo w lipcu, drugiej potowie sierpnia i na poczatku
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wrzesnia. Odpowiadat gtdwnie za okrzemkowy zakwit jeziora turawskiego [7].
Jest opisywany [16] jako wskaznik troficznosci wod stojgcych, poniewaz wyste-
puje pospolicie w czystych lub stabo zanieczyszczonych zbiornikach wodnych na
przestrzeni catego roku. Kolejna okrzemka Fragilaria crotonensis, to gatunek
fitoplanktonu zasiedlajacy, catorocznie, wody w jeziorach i stawach [16]. Wraz z
Asterionella formosa tworzyt w Jeziorze Turawskim silne zakwity okrzemkowe,
zwlaszcza w czerwcu oraz na poczatku lipca i wrzesnia.

W lipcu i sierpniu zaobserwowano bardzo podobny sktad gatunkéw fito-
planktonu do tego, ktdry zostat odnotowany w czerwcu. We wrzesniu i na po-
czatku pazdziernika wsréd wszystkich gatunkdw glonéw przewarzali przedsta-
wiciele Cyanophyta.

Przez caty okres trwania pomiaréw w 2007 roku byty obecne Cyanophyta:
Anabaena spiroides, Microcystis aeruginosa, Microcystis wesenbergil, Microcys-
tis aeruginosa flos-aquae, Microcystis viridis. Okresowo wystepowali przedstawi-
ciele Bacillariophyceae: Fragilaria crotonensis, Melosira varians, Melosira granu-
/ata, lecz bez masowego udziatu. W catym okresie badawczym na podstawie
czestosSci wystepowania wyodrebni¢ mozna grupe gatunkdw charakterystycz-
nych dla fitoplanktonu Jeziora Turawskiego, strefy przybrzeznej. Sg to: sinice
(Microcystis aeruginosa, Microcystis viridis), okrzemki (Asterionella formosa i
Fragilaria crotonensis).

Zbadano w 2007 roku wode jeziora i ustalono zakresy wartosci w po-
wigzaniu z niektérymi gatunkami glonow.

Ilos¢ rozpuszczonego tlenu w wodzie oznaczono w granicach 7 — 10 mg/
dm?®. Zawarto$¢ azotu ogdinego w wodzie z wyjatkiem kilku préb wynosita okoto
1 mg/dm?3. Zawartoé¢ fosforu ogdlnego ksztattowata sie od poczatkowego
poziomu 0,14 do 0,46 mg/dm?*. Odczyn wody miescit sie w granicach 8 — 9.
Temperatura wody utrzymywata sie od czerwca do wrzesnia na podobnym po-
ziomie (19 - 24 °C). We wrzesniu i w pazdzierniku spadta ponizej 17°C. Ze
wzgledu na spektrum temperatury wody, fitoplankton wystepujacy w Jeziorze
Turawskim mozna uznac za zesp6t organizmdéw mezoeurytermicznych (zimno-
wodnych do umiarkowanych) [4]. Stezenie azotandw wahato sie w przedziale
0,2 - 1,2 mg/dm?®. Wartoéci ChZT miescity sie w granicy od 10 do 61 mg/dm?.
Koncentracje zelaza rozpuszczonego w wodzie wzrastaty z poziomu poczatko-
wego okoto 0,1 do ponad 0,3 mg/dm?®. Zelazo rozpuszczone w wodzie wzrosto
do poziomu okoto 1 mg/dm® w miesigcach: sierpien i wrzesien. Fosforany miaty
stezenie od poczatkowego poziomu 0,04 do 0,39 mg/dm?®. Fosfor ogéiny i jony
fosforanowe osiggnely maksimum odpowiednio: 0,46 mg/dm?® oraz 0,39 mg/
dm?® na poczatku wrzeénia. Na poczatku pazdziernika stezenia fosforu ogdlnego
i jondw fosforanowych zmalaty do wartosci 0,32 mg/dm? oraz 0,23 mg/dm?.

Wszystkie z oznaczonych taksonéw glondéw to alkalifile - organizmy majace
optimum przy pH > 7 oraz organizmy obojetne na odczyn pH [4], [12]. Nie
zaobserwowano wsrod glondw przedstawicieli gatunkow acydofilnych lub
acydobiontow.

Wsrdd oznaczonych gatunkoéw fitoplanktonowych w sierpniu 2015 roku byto
ich 11, we wrze$niu i w pazdzierniku po 7. W Jeziorze Turawskim wystepowat w
planktonie przede wszystkim gatunek Cyanophyta, Microcystis aeruginosa (Fot.
10).
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Fot. 10. Microcystis aeruginosa [18]

W catym okresie badawczym byt obecny na bardzo wysokim poziomie —
masowo. Najliczniej pojawit sie na koniec sierpnia - kolonie pokrywaty w pro-
bach w okoto 50 - 80% kazde pole widzenia. W prébach wrze$niowych i paz-
dziernikowych gatunek ten byt réwniez liczny, widoczny na tym samym pozio-
mie w bardzo duzej ilosci w kazdym polu widzenia. W zbiorniku turawskim pH
wynosito okoto 8. Przedstawiciele rodzaju Microcystis wystepujg pospolicie i ma-
sowo w stawach i jeziorach eutroficznych oraz zasiedlajg Srodowiska wodne o
zasadowym odczynie. Zawartos¢ tlenu rozpuszczonego w wodzie o wartosciach
6,0 - 9,0 mg/dm® sprzyja masowemu rozwojowi rodzaju Microcystis [16]. Pod-
czas badan tlen rozpuszczony miat stezenia od 6 do 8 mg/dm?.

Ponadto w prébach oznaczono jako kolonie inne gatunki wystepujace w nie-
wielkiej ilosci — na szkietku do 10 kolonii. We wszystkich 5 prébach z sierpnia
byty gatunki: Pediastrum boryanum i Scenedesmus quadricauda z grupy Chloro-
phyta oraz Fragilaria crotonensis i Melosira granulata z grupy Bacillariophyceae
(Fot.11 — 14).

Fot. 11. Pedliastrum boryanum [18] Fot. 12. Scenedesmus quadricauda [18]
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Fot. 13. Fragilaria crotonensis [18] Fot. 14. Melosira granulata [18]

We wszystkich prébach wrzesniowych byta obecna zielenica Pediastrum bo-
rvanum. W pojedynczych prébach wrzesnia i pazdziernika znaleziono zielenice:
Pedliastrum duplex i Pandorina n.det. Natomiast wsrdd okrzemek Fragilaria cro-
tonensis, Melosira varians i Melosira granulata. Zielenice Pediastrum duplex
i Pediastrum boryanum zasiedlajg gtownie strefe B-mezosaprobowg wod stojg-
cych i wolno ptynacych. Wystepujg przy pH > 7,0 oraz zawartosci tlenu 6,0 -
9,0 mg/dm® [16]. Zmierzone wartoéci tych wskaznikdw fizykochemicznych
sprzyjaty rozwojowi wymienionych gatunkow.

Wsrédd oznaczonych gatunkéw glondéw peryfitonu we wrzesniu 2015 roku
byto ich obecnych 25, a w pazdzierniku 27.

Gomphonema constrictum (Fot. 15) to gatunek reprezentujgcy grupe Ba-
cillariophyceae i podczas badan w Jeziorze Turawskim w 2015 roku jako jedyny
tworzyt bardzo silne zakwity okrzemkowe. Jest to gatunek pospolity, bytujgcy
w poro$lach w eutroficznych zbiornikach wéd stojacych i wolno ptynacych. Op-
tymalne warunki do rozwoju, to tlen rozpuszczony o wartoSciach 9 i wiecej
mg/dm?®, a BZTs od 0,5 do 4 mg/dm? [16].

Fot. 15. Gomphonema constrictum [18]

Okrzemka Fragilaria crotonensis (Fot. 13) zasiedla catorocznie wody w je-
ziorach i stawach [16], a podczas badan w Jeziorze Turawskim gatunek ten byt
masowo reprezentowany. Fragilaria crotonensis uwazany jest za gatunek halo-
filny. Liczny rozwdj wystepuje przy pH 7,0 - 8,0 oraz zawartosci tlenu wiekszej
od 9 mg/dm?® [16].
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Gatunek Gomphonema olivaceum (Fot. 16) wystepowat we wszystkich pro-
bach peryfitonowych w znacznej iloSci we wrzesniu i pazdzierniku towarzyszac
innemu bardzo licznemu gatunkowi Gomphonema constrictum. Okrzemka ta
wystepuje pospolicie w wodach ptyngcych i stojgcych przez caty rok, mozna ja
tez znalez¢ w wodach lekko stonych. Tlen rozpuszczony o stezeniach 9 i wiecej
oraz BZTs przyjmujace wartosci od 2 do 4 mg/dm?® warunkuja rozwdj populacji
tego glonu [16].

Fot. 16. Gomphonema olivaceum [18]

Melosira varians (Fot. 17) z grupy Bacillariophyceae preferuje wody stabo
zanieczyszczone, cho¢ znajdowana jest w zbiornikach eutroficznych. Pospolita
i obecna przez caly rok w wodach stojacych i ptyngcych. Stwierdzano jej odpor-
nos¢ na zelazo w ilociach ok. 1,5 mg/dm?® [16]. W badaniach wrzeéniowych by-
ta obecna w niektdrych polach widzenia w postaci kolonii — nitek. W pazdzierni-
ku we wszystkich prébach i w kazdym polu widzenia byto 1 — 3 nici.

Fot. 17. Melosira varians [18]

Nitszchia palea (Fot. 18) we wrze$niu byta w trzech probach, a w pazdzier-
niku we wszystkich. To gatunek pospolity, obecny caty rok w wodach ptynacych
i stojgcych. Jest wskaznikiem wéd eutroficznych i dodatkowo wyjatkowo odpor-
Ny na zanieczyszczenia ze Sciekdow bytowo — gospodarczych i z przemystu rolno
— spozywczego. Mato czuty na zmiany pH i obecno$¢ kilku miligramoéw siarko-
wodoru. Tlen do prawidtowego rozwoju mieéci sie w granicach 2 — 4 mg/dm?®
oraz 1,5 — 9,5 mg/dm®, BZTs do 5 i powyzej mg/dm?, a nawet 22 mg/dm? [16].
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Fot. 18. Nitzschia palea [18]

Cocconeis placentula (Fot. 19) we wrzesniu reprezentowany byt w czesci
préb przez pojedyncze komorki w kilku polach widzenia. Natomiast w pazdzier-
niku byt we wszystkich prébach. Pospolicie wystepuje w wodach stojgcych i pty-
nacych, w poroslach roslin oraz na kamieniach i zanurzonych przedmiotach.
Tlen rozpuszczony w stezeniach 8 i wiecej mg/dm® wptywa na optymalny roz-
woj, a BZTs gdy przyjmuje wartosci od 2 do 4 mg/dm?® [16].

-;gg:_‘im_im

Fot. 19. Cocconeis placentula [18]

Navicula cryptocephala (Fot. 20) jest pospolita i obecna w wodach ptyna-
cych oraz stojgcych w kazdej porze roku. Jest odporna na mate zawartosci tle-
nu, na fenole i np. Scieki z fabryk papieru. W pewnym stopniu toleruje obecno$¢
siarkowodoru oraz wahania pH. Okrzemka ta jest charakterystyczna dla waod
eutroficznych [16]. Rozwija sie przy nizszych stezeniach tlenu rozpuszczonego:
3 — 6 mg/dm? i przy BZTs w granicach 4 -10 mg/dm®. W prébach 1, 2 i 3 z
wrzesnia byta widoczna pojedynczo w polach widzenia. W pazdzierniku gatunek
ten byt w 1, 2 i 4 probie od 1 do 3 komoérek.

Fot. 20. Navicula cryptocephala [18]
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Synedra uina to okrzemka kosmopolityczna, okreslana jako gatunek wap-
niolubny i odporny na zelazo w wodzie (4 — 5 mg/dm?®). Jest gatunkiem epifi-
tycznym i bentosowym, w planktonie pojawia sie wtdrnie. Tlen rozpuszczony to
7 i wiecej mg/dm?, dla dobrego rozwoju, a BZTs gdy wynosi 3 — 6 mg/dm?® [16].
Wystgpita w 3 i 4 prdbie wrzesniowej pojedynczo: okoto 10 komorek na szkiet-
ku. Natomiast w prébach pazdziernikowych byta we wszystkich prébach w ilosci
od 6 do 20 komérek na szkietku.

Gatunek Cosmarium botrytis, przedstawiciel Chlorophyta wystepowat w Je-
ziorze Turawskim podczas badan najczesciej i najliczniej w poréwnaniu z pozos-
tatymi przedstawicielami tej grupy alg. Zielenice w peryfitonie nie byty jednak
dominantami i nie tworzyty zakwitdw w jeziorze.

Wiekszos$¢ oznaczonych w 2015 roku w Jeziorze Turawskim gatunkéw glo-
now nalezata do wskaznikdéw (Tab. 2). Wsrdd 27 gatunkéw wskaznikowych naj-
liczniejsze byty saprokseny (22 gatunki) - gatunki glondw unikajgce wod zanie-
czyszczonych. Bacillariophyceae wsrod wskaznikdw stanowity 67%. Byto wsrod
nich 14 saproksenow i 4 saprofile.

Kilka gatunkow okrzemek jest uznawanych za indykatory dobrego natle-
nienia wody. Sg to zwiaszcza gatunki z rodzaju Cymbella i Fragilaria [1], [4],
[11], [12], [16]. W prébach w 2015 roku byty obecne, zwtaszcza w pazdzier-
niku, gatunki wskazujgce na dobre natlenienie wody w akwenie: Cymbella
ventricosa, Navicula radiosa.

Whioski z badan w latach 2007 i 2015

1. Dynamika rozwoju fitoplanktonu i peryfitonu Jeziora Turawskiego byta cha-
rakterystyczna dla zbiornika zaporowego. Do jego cech nalezg: okrzemkowy
zakwit letni oraz zakwit sinicowy w okresie lata i jesieni, zwtaszcza w okre-
sach cieptych.

2. W zbiorniku rozwijaly sie masowo i tworzyty zakwity gtdwnie formy bioses-
tonu uznawane za wskazniki podwyzszonej trofii wody (Microcystis aerugi-
nosa, Asterionella formosa) i peryfitonu (poroslowy Gomphonema constric-
tum).

3. Obecnos¢ gatunkow wskaznikowych uwarunkowana byta okreSlonymi war-
toSciami wskaznikéw fizykochemicznych wody.

4. Nie stwierdzono wiekszych réznic w skfadzie dominujgcych gatunkéw pod-
czas badan w roku 2007 i 2015.

5. Parametry fizykochemiczne wody mimo pewnych réznic w wartosSciach w la-
tach badan charakteryzowaty zbiornik ze wgladu na jako$¢ wody na zblizo-
nym poziomie.

6. Masowe zakwity Microcystis aeruginosa odnotowano podczas badan w roku
2007 i 2015 w miesigcach wrzesien i pazdziernik.

7. Gatunki okrzemek Melosira varians, Melosira granulata i Synedra ulna tole-
rujg w wodzie wyzsze stezenia zelaza. Ich obecnos¢é w 2015 roku w wiek-
szosci préb — cho¢ nie masowa, moze $wiadczy¢ o podwyzszonych wartos-
ciach zelaza w wodzie jeziora.
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Uniwersytet Opolski, Zaktad Ksztattowania Srodowiska

BUDOWLE | URZADZENIA SRODOWISKOWE W RZEKACH

Abstrakt:

Przeksztatcanie przez cztowieka koryt i dolin rzecznych ma rdézny charakter i zalezne od
niego rézne oddziatywania. Przerwanie ciggtosci morfologicznej rzeki, przez jej po-
przeczng zabudowe uwaza sie za dziatanie najgrozniejsze dla organizmoéw wodnych.
Nastepstwem przerwania ciggtosci rzek jest znaczne ograniczenie mozliwosci prze-
mieszczania sie ryb, w tym zwilaszcza dwusrodowiskowych. To prowadzi do zmniej-
szania sie roznorodnosci ichtiofauny i innych organizméw wodnych. W pracy przedsta-
wiono rodzaje budowli i urzadzen $rodowiskowych dla migracji organizméw wodnych.
Zaprezentowane zostaty warunki dla migrujacych ryb oraz podstawowe zasady kon-
strukcji i budowy urzadzen.

Wstep

Wedrowki sg zyciowg koniecznoscig organizméow wodnych, a zwlaszcza ryb.
Migracje prowadzone na rdzne odlegtosci dotyczg wszystkich gatunkéw ryb.
Ryby potamodromiczne (stanowiskowe, lokalne) wedrujg w granicach jednej
rzeki, jeziora, zbiornika zaporowego lub systemu rzecznego — wytgcznie w wo-
dach $rodlgdowych. Niezbedna dla ich Zycia jest droznos$¢ cieku pomiedzy ze-
rowiskami a tarliskami, umozliwiajgca migracje na odcinku od kilku do kilkudzie-
sieciu kilometrow. Gatunki jak tro¢ wedrowna (Salmo trutta m. trutta), 10sos
(Salmo salar), certa (Vimba vimba) i jesiotr (Acipenser oxyrinchus), Wegorz eu-
ropejski (Anguilla anguilla), ktory odbywa dalekie wedréwki tartowe sg rybami
dwusrodowiskowymi (diadromiczne) morsko-rzecznymi [1], [2].

Przed przystgpieniem do projektowania urzadzen stuzacych do migracji ryb,
poza informacjami o hydrologii, w tym o przeptywach w rzece i parametrach
technicznych urzadzenia pietrzacego, nalezy zebra¢ dane o ichtiofaunie. W in-
formacji uwzglednia sie wystepowanie gatunkow chronionych, zagrozonych i
cennych gospodarczo oraz dwusrodowiskowych w kontekscie ich wymagan $ro-
dowiskowych. Nastepnie na ich podstawie sporzadza sie koncepcje urzadzenia
stuzgcego do migracji ryb okreslajac typ urzadzenia, przeptyw i predkosci pradu
wody w urzgdzeniu, umiejscowienie wlotu i wylotu wody w urzadzeni [1].

Zespot opracowujacy koncepcje urzadzen stuzacych do migracji ryb musi
by¢ ztozony z hydrobiologa i ichtiologa, ktorych wiedza i doswiadczenie pomoga
unikng¢ btedéw przy ich konstruowaniu i ponoszenia kosztow przy naprawie.

Najpopularniejszym typem budowli do migracji ryb sg przeptawki, w tym
przeptawki techniczne (komorowe, szczelinowe). Wieloletnie obserwacje tych
przeptawek wykazaty, ze cechujg sie one niskg sprawnoscig dla migracji ichtio-
fauny. Duzo lepszg sprawno$¢ majg przeptawki w formie obejs¢, w ktérych
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tworzony jest omijajacy przeszkode strumien [8]. Minusem tego typu rozwia-
zania jest duza powierzchnia jakg zajmujg. Alternatywg taczacg ze sobg zalety
obu typow przeptawek sg przeptawki ryglowe. W korycie tworzona jest sekwen-
cja basenéw oddzielonych ryglami utozonymi z naturalnych gtazéw. Pomiedzy
gtazami pozostawiony jest system rozniej szerokosci szczelin [13].

Warunki migracji ryb

Budowle i elementy $srodowiskowe budowane sg przy przegrodach na rzece,
utworzonych przez jazy, zapory ziemne i betonowe. Bardzo czesto sg one
potaczone z elektrowniami wodnymi. W takich miejscach zrzut wody z gérnego
na dolne stanowisko stopni wodnych, odbywa sie ze znaczna predkoscia.

W Polsce autochtoniczna ichtiofauna liczy 58 gatunkow [1]. Osiem z nich
nalezy do grupy ryb dwusrodowiskowych. Sg to: aloza (Alosa alosa), certa
(Vimba vimba), jesiotr (Acipenser oxyrinchus), toso$ atlantycki (Salmo salar),
parposz (Alosa fallax), sieja wedrowna (Coregonus lavaretus), tro¢ wedrowna
(Salmo trutta m. trutta) i wegorz europejski (Anguilla anguifla) (Fot. 1, 3), (Ryc.
1 - 5). Glowacz biatoptetwy (Cottus gobio) (Fot. 2) uznany za wskaznik wadd
czystych odbywa wedréwki w gére rzeki do miejsc z wodg chtodniejszg, dobrze
natleniona.

< Ll

Ryc. 1 Aloza (Alosa alosa) [16 Ryc. 2 Parposz (Alosa fallax) [16]

Ryc. 3 Sieja wedrowna (Coregonus lavaretus) Fot. 1 Certa (Vimba vimba) [16]
[16]
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Fot. 2 Gtowacz biatoptetwy (Cottus Fot. 3 toso$ atlantycki (Salmo salar) [16]
gobio) [16]

Ryc. 4 Jesiotr (Acipenser oxyrinchus) [16] Ryc. 5 Tro¢ wedrowna (Sa/mo
trutta m.trutta) [16]

Wedrdéwki ryb zwigzane sg z poszukiwaniem miejsc tartowych i niszy pokar-
mowej, z potrzebg ochrony przed warunkami zimowymi w wodzie [2], [14].
Dlatego przy wznoszonych w dolinach i korytach rzek obiektach hydrotechnicz-
nych muszg powstawac budowle oraz elementy $rodowiskowe utatwiajgce byto-
wanie i migracje ryb:

<> schrony

3 przeptawki dla ryb (Fot. 5)

<> kanaty tartowe (Fot. 4)

X kierownice

<> bloki kamienne

Fot. 4 Kanat tartowy [16] Fot. 5 Przeptawka dla ryb [16]
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Kanaly tarlowe sg skutecznym rozwigzaniem dla zapewnienia znacznych
iloSci dzikiego narybku tososi, pstrggéw i lipieni. Sg budowane w zamian za
zalane zbiornikami retencyjnymi tereny tarliskowe tych ryb. Sytuowanie ich
ponizej zapor potgczone jest ze Swiadomym gospodarowaniem zrzutami wody.
Kanaty tartowe mogg rowniez powstawaé w wiekszym oddaleniu od zapdr, a
wykorzystane sg wowczas do ich budowy nieuzywane jazy miyiskie z mtyndw-
kami i $luzy nawadniajgce. W niektorych miejscach znaczny i stabilny doptyw
wody drenarskiej lub zrédlanej moze byl takze podstawg budowy kanatu
tartowego [1].

Wsrdd gatunkdw wedrujgcych ryb w poszukiwaniu pokarmu jest rézanka
(Rhodeus sericeus), ktorej siedlisko zwigzane jest z obecnoscig matz (Fot. 6).
Swoje wedréwki ogranicza do przeptywania na gtebsze stanowiska na okres
zimowania. Z kolei bolen (Leuciscus aspius) odbywa wedréwki tartowe i jest ty-
powym wedrownikiem stodkowodnym (Ryc. 6). Przemieszcza sie w ramach sys-
temu rzecznego, rowniez szukajgc odpowiednich Zzerowisk i zimowisk (gatunek
potamodromiczny) [2], [10].

Ryc. 6 Bolen (Leuciscus aspius) [16] Fot. 6 Rdézanka (Rhodeus sericeus) [16]

Wedréwki ryb mozna podzieli¢ wedtug kierunku, na migracje w gore i w dot
rzeki. Wedréwki ryb w gore rzeki, odbywaja sie poprzez urzadzenia stuzace do
migracji ryb, a wedrowki w doét rzeki przez turbiny hydroelektrowni lub przelewy
urzadzen hydrotechnicznych. Zwigzane jest to z tym, ze w te miejsca kierowany
jest gtdwny przeptyw wody. Wielkosci i kierunki przeptywdw wody warunkujg
sposoby: kierowania ryb do przeptawki (migracja w gore rzeki) oraz zabez-
pieczenia sptywajgcych ryb przed uszkodzeniem (migracja w dot rzeki) [12]. W
krajach Unii Europejskiej przy wysokich przeszkodach hydrotechnicznych na rze-
kach o duzym znaczeniu dla ryb dwusrodowiskowych budowane sg na jednym
pietrzeniu dwa urzadzenia umozliwiajgce wedréwki ryb, jedno zapewniajace
warunki migracji ryb w gore rzeki, drugie w dét rzeki [1].

Stopnie wodne na rzekach stanowig bariery migracyjne dla ryb. Mozliwosci
pokonywania przez ryby tych przeszkod zalezg od predyspozycji poszczegdlnych
gatunkdw. Dotyczy to szybkosci ptywania, rozmiardw ciata i temperatury wody
oraz konstrukcji przegrody rzeki. Na tej podstawie wyrdznia sie szybkosci
ptywania ryb, z ktérymi zwigzane sg rézne poziomy aktywnosci [1].

Szybkos¢ fizjologiczna utrzymywana jest przez rybe przez wiele godzin bez
zmeczenia i fizjologicznych zmian w organizmie.
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Szybkos¢ maksymalna jest nazywana szybkoscig zrywu i wystepuje przy
jednorazowym wysitku ryby wywofanym np.; przestrachem, atakiem na zdo-
bycz, badz pokonywaniem przeszkody. Miesnie ryby podczas takiego wysitku
pracujg w ,trybie beztlenowym", podczas ktdrego nastepuje wydzielanie kwasu
mlekowego. Potem organizm ryby potrzebuje odpoczynku niezbednego do
regeneracji.

Szybkos¢ uzyteczna sg to okresy, w ktorych ryba ptywa raz wolniej raz
szybciej. Podczas takiego ruchu miesnie ryb pracujg na zmiane w ,trybie tle-
nowym" i w ,trybie beztlenowym". Utrzymywanie tej szybkosci zalezy od gatun-
ku i moze by¢ rozwijana przez ograniczony czas.

Mozliwosci pokonywania przeszkdd przez migrujgce w gore rzeki ryby naijle-
piej poznano na przyktadzie ryb tososiowatych. tososie atlantyckie s w stanie
podczas wedrowki skokiem pokonac przeszkody o wysokosci od 1,0 do 1,7 m, a
pstragi od 70 do 80 cm [1], [4]. Ryba moze oddac taki skok kiedy ma niecke
wypadowg o odpowiedniej gtebokosci oraz dtugosci. Takie zachowanie jest
zagrozone mozliwoscig zranienia i zmeczenia osobnika po czesto wielokrotnych
probach pokonania przeszkody. Obserwacje migrujgcych ryb wykazaty, ze sta-
rajg sie one pokonac przeszkody jak najmniejszym wysitkiem i najchetniej wy-
bierajg zatopione przelewy lub szczeliny. W sytuacji, gdy nie ma alternatywnej
mozliwosci pokonania przeszkody decydujg sie na oddanie skoku. Bywaja
nieczeste sytuacje, ze ryby stabiej ptywajgce nie mogg pokonac przegrody o
wysokosci okoto10 cm. Wiedza o zdolnoSci do pokonywania pradu wody przez
ryby (fizjologia i szybkoS¢ ptywania), jest niezbedna do projektowania
prawidtowo funkcjonujgcych urzadzen stuzacych do ich migracji. Podstawowa
zasadg jest to, ze przeptyw i predko$¢ wody w urzadzeniach $rodowiskowych
nalezy dostosowa¢ do najstabiej ptywajacych gatunkéw. Budowa miesni ryb
pozwala na krotki intensywny wysitek, w wyniku ktérego nastepuje szybkie
zmeczenie organizmu. Regeneracja sit u zwierzat zmiennocieplnych nastepuje
bardzo powoli.

Minimalny dyspozycyjny przeptyw wody przez urzgdzenia stuzgce do migra-
cji ryb waha sie od 80 od 140 I/s w zaleznosci od typu urzadzenia. Najwyzsze
dopuszczalne $rednie predkosci wody w nowo budowanych urzadzeniach stuza-
cych do migracji ryb winny wynosi¢ [1], [4], [5]:

« dla ryb fososiowatych (toso$, tro¢, pstrag, gtowacica) i lipienia — kraina

pstraga i kraina lipienia do 2,0 m/s,
« dla ryb karpiowatych reofilnych (brzanka, klen, jelec, brzana, $winka,
certa, bolen, jaz) — kraina brzany do 1,5 m/s,

« dla pozostatych gatunkdéw oraz ryb mtodych — kraina leszcza do 1,0 m/s.

Prawidtowo zaprojektowane urzadzenie do migracji musi umozliwi¢ rybie
odnalezienie wlotu do niego. Od strony wody dolnej lokalizacja wlotu musi by¢
starannie wybrana. W tym miejscu nastepuje zawezenie strumienia wody w
celu otrzymania efektywnie dziatajgcego wabigcego pradu wody. Predkos¢ pra-
du wabigcego powinna by¢ o okoto 10% wieksza niz predkoS¢ pradu wody w
rzece przy wylocie wody z urzadzenia.

W dotychczasowej praktyce przy budowie urzadzen pietrzacych na rzekach,
zgodnie z Prawem Wodnym zabezpieczano niezbedng objetos¢ wody, jaka musi
przez caty rok przeptywac przez urzadzenia pietrzace. Przeptyw ten, poczatkowo
okreSlany jako biologiczny, a obecnie jako nienaruszalny okres$la taka objetos¢
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wody, jaka jest niezbedna dla utrzymania zycia biologicznego ponizej stopnia.
W ujeciu ilosciowym zatoZenie to jest stuszne. Jednakze wykonanie przegrody
przerywa ciggtos¢ biologiczng rzeki. Dlatego tez, aby zachowac ciggtos¢ biolo-
giczng rzeki urzadzenie stuzgce do migracji organizméw winno by¢ otwarte
przez caty rok.

Grupy urzadzen stuzacych do migracji ryb

Efektywnos$¢ funkcjonowania urzadzen dla migracji ryb powinna byc¢ ele-
mentem procesu inwestycyjnego i podlega¢ odbiorowi powykonawczemu oraz
ocenie. Skuteczno$¢ dziatania urzadzen stuzgcych do migracji ryb wyrazana jest
dwoma parametrami: ilorazem liczby ryb danego gatunku pokonujacych przesz-
kode, w stosunku do liczby wszystkich ryb usitujgcych jg pokonaé [%] oraz
opdznieniem, tzn. dtugoscig czasu zuzytego na pokonanie przeszkody [godz.],
[doba]. Skala i zakresy ocen funkcjonowania urzadzen stuzacych do migracji ryb
przedstawia sie nastepujaco [1]:

v' bardzo dobra - 100% ryb pokonuje przeszkode, opdznienie kilka godzin

v’ dobra - 95-100% ryb pokonuje przeszkode, opdznienie nie przekracza kilku
dni,

v’ staba - od 70% do 95% ryb pokonuje przeszkode, opdznienie wieksze niz
kilka dni.

Urzadzenia ocenione jako stabe nadajg sie czesto do usprawnienia poprzez
niewielkg przebudowe lub wykonanie urzadzen kierujgcych, natomiast urza-
dzenia oceniane jako zte zwykle wymagajg wyburzenia i wybudowania nowych.

Urzadzenia stuzgce do migracji organizméw wodnych, w tym ryb mozna
podzieli¢ na kilka podstawowych grup [1]:

1. Poprzeczne budowle hydrotechniczne nasladujace warunki naturalne, budo-
wane sg na catej szerokosci rzeki w celu stabilizacji dna. Zaliczane sg do
tzw; urzadzen bliskich naturze. Nalezg do nich stopnie — bystrza i progi den-
ne, a ich konstrukcja zapewnia biologiczng droznos¢ cieku. Sg zalecanym i
najlepszym sposobem zapewnienia warunkéw do migracji ryb, zarbwno w
gore jak i w dot rzeki, przy wystepujacych zréznicowanych przeptywach.
Przyktadem sg bystrotoki budowane na czesci (pod jednym z brzegdw)
koryta rzeki (Ryc. 7).

oy o
e

ostry spadek .l 3

tagedny spadek $

Ryc. 7 Schemat bystrotoku [1]
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Dno bystrotoku jest wykonane z kamienia, czeSciowo mocowanego beto-
nem, czesciowo utozonego w formie luznego narzutu. tagodniejszy spadek
(1:20 lub 1: 30) ksztattowany jest na czesci przylegajacej do brzegu,
rownolegtej do kierunku pradu wody. Ostrzejszy spadek na czesSci ukosnej do
kierunku pradu wody w strone $rodka rzeki. Zapotrzebowanie na wode dla
bystrotoku wynosi okoto 100 I/s na 1 m szerokosci urzadzenia. Urzadzenia te
umozliwiajg migracje catej stodkowodnej faunie i to zaréwno w gére, jak i w dot
rzeki, poniewaz sg budowane przy pietrzeniach nie przekraczajagcych 3 m
Wysokosci.

Konstrukcje typowo techniczne, zarazem obce naturze w miare mozliwosci
zastepuje sie budowlami imitujgcymi naturalny bieg rzeki. Do tego typu
urzadzen zaliczajg sie bystrotoki kamienne (pochylnie) [15]. Pochylnie mozna
podzieli¢ ze wzgledu na zajmowang szerokos¢ koryta:

- na catej szerokosci koryta (np.; w miejscach gdzie jaz nie spetnia zadnej

uzytecznej roli), (Fot. 7).

Fot. 7 Pochylnia kamienna zajmujgca cata szeroko$¢ cieku [3]

- na czesci koryta, (Fot. 8).

Fot. 8 Pochylnia kamienna zajmujgca cze$¢ koryta [3]
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- w ksztatcie strumienia optywajgcego przeszkode (Fot. 9), (Ryc. 8).

Przeptawka w postaci strumienia
oplywajacego przeszkodg ' | | |

Gérne stanowisko

Ryc. 8 Schemat pochylni kamienno - betonowej w formie strumienia optywajgcego
przeszkode wezta wodnego [3]

Z uwagi na konstrukcje pochylnie dzieli sie na: z nieregularnie umieszczo-
nymi kamieniami (Fot. 10) i basenowe.
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Fot. 10 Pochylnia kamienno betonowa z nieregularnie utozonymi kamieniami [3]

Maksymalny spadek dna dla pochylni kamiennych wynosi 1:20 (kraina
pstraga i lipienia), jednak dla niektérych ryb (brzany, leszcza) wymagany jest
tagodniejszy 1:30.

Do budowy wykorzystuje sie kamienie o $rednicy 30-80 cm - stanowig
szkielet budowli i mniejsze o $rednicach 10-30 cm ufozone nieregularnie [7].
Ustawienie kamieni ma za zadanie uksztattowanie wyraznego nurtu przy
wytworzeniu wystarczajgcego zréznicowania predkosci dla swobodnej migracii
ryb. Wartosci predkosci powinny sie znajdowa¢ w przedziale od 0,5 m/s (w
strefach spokojnej wody) do 1,5-1,8 m/s w rzekach gorskich i 1,0 m/s w
nizinnych.

2. Urzadzenia stuzace do migracji ryb nasladujgce warunki naturalne, sg
budowane przy budowlach hydrotechnicznych. Mogg by¢ dowolnie dtugie, sg
wykonywane z materiatu naturalnego (kamien, Zzwir, piasek), niekiedy
stabilizowanego betonem. Przypominajg naturalny odcinek cieku i stwarzajg
mozliwosci zarébwno do migracji, jak i do bytowania ryb. Sprzyjaja
zapewnieniu warunkow do migracji ryb w gore rzeki w szerokim spektrum
wystepujgcych przeptywow.

3. Urzadzenia techniczne stuzace do migracji ryb (przeptawki, windy, sluzy),
budowane przy budowlach hydrotechnicznych. NajczesSciej sg to dowolnie
dtugie rynny betonowe lub kamienne, o geometrycznych ksztattach $cian,
przegréd i otwordw przelewowych. Ich celem jest wytgcznie umozliwienie
migracji ryb [9]. Najczesciej spotykane spadki mieszczg sie w granicach od
1:5 do 1:20, warunkujgce diugos$¢ tych urzadzen. Ponizej przedstawiono
przyktady konstrukcji przeptawek (Fot. 11, 12).
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Fot. 11  Przeptawka komorowa, szczelinowa [16]

Fot. 12 Przeptawka betonowo kamienna typu obejscie [4]

Efektywnos¢ funkcjonowania tych urzadzen powinna by¢:

e dla priorytetowych gatunkéw ryb minimum dobra tzn. ponad 95% ryb
musi pokona¢ urzadzenie przy opdznieniu w wedrowce nie dtuzszym niz
kilka godzin,

+ dla pozostatych gatunkéw ryb minimum dostateczna tzn. ponad 70% ryb
musi pokona¢ urzadzenie przy opdznieniu w wedrowce nie dtuzszym niz
kilka dni.

Do grupy gatunkow priorytetowych zalicza sie ryby dwusrodowiskowe oraz
ryby ujete w zatgczniku II (gatunki Natura 2000) i zatgczniku V (gatunki o
znaczeniu gospodarczym) Dyrektywy Siedliskowej 92/43/EWG [11].

Przeptawki stuzace migracji ryb powinny byc¢ lokalizowane po tej samej
stronie cieku co elektrownia. Wejscie do urzadzenia (od strony wody dolnej) ma
by¢ umiejscowione ponizej wylotu wody z elektrowni, a wyjscie z urzadzenia
(od strony wody gornej) powyzej wlotu wody do elektrowni. PredkoS¢ wody
wyptywajacej z wejscia do urzadzen stuzgcych migracji ryb (od wody dolnej)
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powinna by¢, co najmniej 10% wieksza od predkosci wyptywu z urzadzen
turbinowych (dla wytworzenia pragdu wabigcego) a predkos¢ wody wptywajacej
do urzadzenia (od wody gornej) powinna by¢, co najmniej 10% mniejsza od
$redniej predkosci wody w tym przekroju cieku (dla ochrony przed doptywem
zanieczyszczen) [1].

Konstrukcja przeptawki technicznej polega na wprowadzeniu betonowej pty-
ty dennej, z wtopionymi na jej gérnej powierzchni kamieniami o $rednicy od
0,40-0,80 m. Spadek minimalny wynosi od 1:20 do 1:30. Pomiedzy kamieniami
ryby mogg przeptywal zaréwno w gore, jak i w dét rzeki. Przeptyw wody
pomiedzy kamieniami wytwarza réwnoczesnie prad wabigcy, ktéry umozliwia
pokonanie progu praktycznie przez wszystkie ryby i inne organizmy wodne.
Krytyczne predkosci przeptywu wyznaczone dla niektorych ryb przedstawiajg sie
nastepujaco [5]:

tosos od 1,33 do 6,40 m/s

Wegorz od 0,47do 0,83 m/s

Pstrag potokowy od 0,80 do 1,60 m/sek
Pstrag teczowy od 0,35 do 0,91 m/sek

Konstrukcja przeptawki nie moze w niej wywotywac¢ maksymalnej predkosci
wody 1,50 m/s, gdyz dla poszczegdlnych grup ryb maksymalna predkosc
przeptywu nie moze przekroczy¢ [1]:

» ryby tososiowate ( f0so0s, tro¢, pstragi, gtowacica, lipien) — 2,0 m/s

« reofilne ryby karpiowate ( bolen, certa, brzana, jaz, klen, swinka jelec) —

1,50 m/s

W zaleznosci od sktadu gatunkowego migrujgcych ryb oraz od wystepu-
jgcych warunkdéw terenowych i konstrukcji progu pietrzacego mogg byc¢ stoso-
wane rozne rodzaje urzadzen stuzgcych migracji ryb w gore rzeki. Co raz czes-
ciej sugerowane sg tzw. obejscia (urzadzenia bliskie naturze), w postaci dodat-
kowego koryta z gtazami lub przelewami poza korytem cieku (przypominajgce
naturalny odcinek potoku) (Fot. 13).

Fot. 13 Obejscie - urzadzenie stuzgce migracji ryb w gore rzeki [16]

Poza przeptawkami, w wyjatkowych wypadkach, zwykle przy pietrzeniach
przekraczajgcych 15-20 m wysokosci, stosowane sg windy i $luzy dla ryb [1].
Windy dla ryb buduje sie przy duzych réznicach pozioméw pomiedzy gorng a
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dolng woda (powyzej 6,0 m), ograniczeniu ilosci wody dla przeptawki i jezeli
brakuje miejsca (Ryc. 9).

Winda dla ryb. (LARINIER,1992c)

Ryc. 9 Schemat konstrukgji i dziatania windy dla ryb [6].

Tego rodzaju budowle majg w swojej dolnej czesci duzg wanne, do ktorej
prowadzi ryby prad wabigcy uzyskany poprzez potgczenie gdérnej wody z dolng
rura. Sktadana i ruchoma krata (wrota dwuczesciowe), przesuwana jest w
kierunku wanny, gromadzi ryby w wannie. Wanna wyciggana jest do gory, a
przez otwor w jej dolnej czesci ryby dostajg sie do gérnej wody i ptyng dalej w
gore rzeki. Urzadzenia te sg dobrym sposobem zapewnienia warunkéw do
migracji ryb w gore rzeki w szerokim spektrum wystepujacych przeptywow. Wa-
runki migracji w dot rzeki sg zalezne od rozdziatu wody na inne urzadzenia
korzystajgce z wody oraz od sposobu oprowadzania ryb do urzadzen stuzgcych
do migracji ryb.

Sluzy dla ryb swojg konstrukcjg i dziataniem nie réznig sie prawie wcale od
Sluz dla jednostek ptywajacych (Ryc. 10). Jednakze istnienie Sluzy dla statkow
nie zapewnia rybom warunkéw swobodnej migracji w gore rzeki. Sluzy dla stat-
kéw otwierane sg na krdtko nie zapewniajgc dtugotrwatego pradu wabigcego.
W duzych komorach usytuowanych w srodku nurtu rzeki wytwarza sie duza tur-
bulencja dezorientujgca ryby. Sluza dla ryb ma duzg komore oraz gérng i dolng
regulacje doptywu i odptywu wody.
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Pozycja wyjsciowa

gorne zamkniecie dolne zamkniecie
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Rys. 10 Schemat dziatania $Sluzy dla ryb. GW- gérna woda DW — dolna woda

1-gérne zamkniecie przymkniete przy dolnym otwartym umozliwiajgcym wpty-
wanie ryb, 2-dolne zamkniecia zamkniete przy gérnych otwartych, komora Sluzy
napetnia sie, 3- wyréwnanie poziomu wody w komorze $luzy i GW 4-powr6t do
pozycji wyjsciowej, [3]

Otwieranie gdrnej i dolnej czesci jest zsynchronizowane i najczesciej naste-
puje w pot lub godzinnych odstepach czasowych. W Sluzach dla ryb aby zapew-
ni¢ odpowiedni prad wabigcy stosuje sie rure z dodatkowym doptywem wody z
gbérnego poziomu i ujSciem na wylocie komory. Dla sprawnego dziatania $luzy
wymiary wylotu i wlotu do komory powinny zapewni¢ Srednig predkosS¢ wody
okoto 1,2 m/s. PredkosC opadania zwierciadta wody w komorze nie powinna
przekracza¢ 2,5 m/min [3]. Sluzy dla ryb z racji swojej konstrukcji zajmuja
niewiele miejsca oraz umozliwiajg potgczenia gdérnego i dolnego poziomu przy
duzych rdznicach wysokosci. Wymagajg one jednak ciggtego dozoru ze wzgledu
na ruchome czesci, naped oraz urzadzenia sterujgce [7]. Takie rozwigzanie w
celu zachowania ciggtosci biologicznej rzek jest od dawna stosowane w wielu
krajach europejskich [5].

4. Urzadzenia stuzace do migracji ryb w dot rzeki (przelewy stokowe), budo-
wane najczesciej na pietrzeniach przekraczajacych 15-20 m wysokosci, jako
uzupetnienie innych typow urzadzen stuzacych do migracji ryb w przypadku
zastosowania Sluz lub wind dla ryb, lub rozdziatu wody uniemozliwiajgcego
odnalezienie przez ryby wlotu do przeptawki od strony gérnej wody [1].

Podsumowanie

Przegroda na rzece w postaci stopnia wodnego pietrzacego wode (zapory,
jazy, miyny wodne oraz elektrownie wodne) przerywa ciggto$¢ morfologiczng i
biologiczng rzeki. Efektem koncowym przerwania ciggtosci biologicznej rzeki
wraz ze zmiang jej rezimu wadd jest utrata przez nig naturalnego charakteru. W
tych warunkach czesto albo catkowicie wykluczona jest mozliwo$¢ przemiesz-
czania sie réznych organizméw wodnych, w tym wielu gatunkéw ryb. Dlatego w
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takim miejscu, na rzece nalezy wykonac urzadzenia umozliwiajgce migracje ryb
w gore i w dot jej biegu.

Wsrdd urzadzen stuzacych migracji ryb najpopularniejszym sg przeptawki.
Najczesciej sg to przeptawki techniczne (komorowe, szczelinowe). Obserwacje
tych przeptawek wykazaty, ze cechujg sie one niskg sprawnoscig dla migracji
ichtiofauny. Duzo lepszg sprawnos$¢ majg przeptawki w formie obej$¢, w ktorych
tworzony jest omijajacy przeszkode strumien. W przeptawkach — obejsciach dno
komdr mozna wytozy¢ kamieniami polnymi lub rzecznymi zatopionymi w beto-
nie, a przegrody miedzy komorami wykona¢ z samych kamieni. Taka kon-
strukcja maksymalnie przyblizy trase wedréwki ryb do naturalnej. Kamienie
dodatkowo sg elementem rozpraszajgcym energie nurtu. Lokalizacja przeptawki
przy krawedzi koryta rzeki jest prawidtowa. Jezeli jest poprawnie usytuowana w
stosunku do nurtu rzeki (gtdéwny nurt rzeki ukfada sie przy brzegu), zabezpiecza
mozliwo$¢ migracji ryb i innych zwierzat w obu kierunkach. Przeptawki i inne
budowle Srodowiskowe powinny funkcjonowac przez caty rok, by mogta byc
zachowana ciggtos¢ biologiczna cieku. Dodatkowo, w celu ochrony migrujgcych
ryb w rzece przed wptywaniem na turbiny elektrowni stosuje sie zabezpieczenia
w postaci barier mechanicznych lub behawioralnych.
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SKAZENIA GLEB METALAMI CIEZKIMI ORAZ
BIOREMEDIACJA JAKO SZANSA NA POPRAWE STANU GLEB
W WOJEWODZTWIE OPOLSKIM

Wprowadzenie:

Bioremediacja, inaczej bioodzysk, to metoda polegajgca na zredukowaniu wielkosci lub
transformacji w formy mniej szkodliwe, zanieczyszczen powietrza wody oraz gleb za
pomocg uktadow sktadajgcych sie z organizméw zywych. Ze wzgledu na uktad, jaki
stosujemy, wyrdzniamy rézne typy bioremediacji: fitoremediacje (zastosowanie znajdu-
jg rosliny) oraz biohydrometalurgie (korzystamy z drobnoustrojow). Bioremediacja jest
metodg stosunkowo nowg i jeszcze stabo poznang, wcigz pojawiajg sie artykuty dono-
szagce o kolejnych gatunkach znajdujacych zastosowanie w redukcji zanieczyszczen,
a organizmy juz poznane stale sg ulepszane i stymulowane do wydajniejszej pracy, np.
dzieki dobrodziejstwom inzynierii genetycznej. To wtasnie rozwijajgca sie gataz biotech-
nologii zwigzana z biologig drobnoustrojéw przyczynita sie do popularyzacji bioreme-
diacji przy udziale prokariotow.

Stowa kluczowe: bioremediacja, oczyszczanie gruntéw, fitoremediacia

W ponizszym przegladzie skupimy sie gtdwnie na bioremediacji w aspekcie
metali ciezkich. Metale ciezkie sg bardzo waznym elementem skorupy ziemskiej,
a jako surowiec sg nieodnawialne. Metale ciezkie wystepujg zaréwno naturalnie,
jak i powstajg w wyniku dziatalnosci cztowieka. W wyniku wydobycia rudy me-
tali oraz jej obrdbki, powstajg odpady zawierajgce metale ciezkie, odpady prze-
nikajg do wody, gleby i atmosfery, a stamtad z fatwoscig dostajg sie do roslin,
ktore posrednio przez zwierzeta lub bezposrednio dostarczajg je do organizmu
cztowieka. Problem z nimi zwigzany polega na tym, ze wystepujg w coraz
mniejszych iloSciach w rudach, w ktdrych sg pozadane, a coraz wyzsze ich ste-
zenia odnotowuje sie w organizmach zywych oraz $rodowiskach, dla ktdérych
czesto wykazujg dziatanie toksyczne. Istotnym jest wiec takie sterowanie proce-
sem, aby zwiekszy¢ odzysk metali z odpaddw i rud przy jednoczesnym ogra-
niczeniu do absolutnego minimum ich przedostawania sie do $rodowiska natu-
ralnego. Metale ciezkie to te, ktdrych gestos$¢ przekracza granice 4,5 -2

Wyrodzniamy cztery grupy takich pierwiastkéw:
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Tab. 1. Grupy metali ciezkich

Grupa Przyktad

Kadm (Cd), Rte¢ (Hg), Chrom (Cr),
Srebro (Ag), Ztoto (Au), Cynk (Zn),
Antymon (Sb), Cyna (Sn), Tal (TI)

Bardzo wysoki stopien potencjalnego
zagrozenia dla srodowiska

Wysoki stopien potencjalnego zagrozenia Molibden (Mo), Mangan (Mn),
dla srodowiska Zelazo (Fe), Selen (Se)
Sredni stopien potencjalnego zagrozenia Wanad (V), Nikiel (Ni),
dla srodowiska Kobalt (Co), Wolfram (W)
Niski stopien potencjalnego zagrozenia Cyrkon (Zr), Tantal (Ta),
dla srodowiska Lantal (La), Niob (Nb)

Stezenie metali ciezkich w glebach jest zalezne od wielu czynnikdw, wsréd
ktorych wyrdzniamy obecnos¢ zwigzkdw humusowych, rodzaju gleby, jej pH
(w glebach o kwasnym odczynie wzrasta iloS¢ form rozpuszczalnych pierwiast-
kéw), potencjatu utleniajgco- redukcyjnego (w glebie wystepujg formy pierwias-
tkdw utlenione oraz zredukowane, podczas redukcji dochodzi do rozpuszczenia
uwodnionych tlenkdw metali i uwolnienia wczesniej zaabsorbowanych metali
ciezkich, co prowadzi np. do zmiany ruchliwosci metali w glebie), skaty macie-
rzystej, na bazie, ktorej powstaje gleba (co przektada sie np. na jej pojemnos¢
sorpcyjng) oraz dziatalnosci cztowieka na danym obszarze. Cztowiek przyczynia
sie do migracji metali ciezkich do biosfery poprzez wydobycie rud metali, jej
przerdbke, wykorzystanie oraz utylizowanie odpadéw powstatych w wyniku
przetworzenia rudy, a takze eksploatacje urzadzen niezbednych do sterowania
procesem technologicznym. Gtéwne gatezie emitujgce metali ciezkie do $rodo-
wiska, to np.:

e produkcja barwnikéw i farb, bedaca zrédtem kadmu, chromu i otowiu

o produkcja akumulatoréw i baterii dostarczajgca kadmu, otowiu, cynku

e galwanizacja: kadm, chrom, nikiel

e produkcja $rodkdw ochrony roslin i nawozéw: otdw, kadm, miedz, rte¢,

nikiel

e zaktady drukarskie i przemyst papierniczy: kadm, chrom, cynk

O szkodliwosci metali ciezkich nie trzeba nikogo przekonywaé, jednak warto
scharakteryzowac¢ kilka wyjatkowo szkodliwych pierwiastkdw. Kadm wprowa-
dzony do gleby jest tatwo rozpuszczalny w $rodowisku kwasnym, a jego mo-
bilnos¢ wzrasta w glebach lekkich. Kadm gosci w watrobie i nerkach naruszajac
gospodarke tak waznych pierwiastkow jak: wapn, magnez, zelazo czy cynk.
Poprzez regulacje stezenia wapnia w organizmie, kadm moze powodowac
zmiany w ukfadzie szkieletowym cztowieka, co wptywa na deformacje narzadow
wewnetrznych. Oprécz rozlegtych zmian w organach, w ktdrych sie kumuluije,
kadm moze takze wplywac kancerogennie na nerki czy prostate. Chrom
powoduje zmiany w systemie obronnym organizmu, a wysokie stezenie chromu
na IV stopniu utlenienia moze by¢ przyczyng raka ptuc. Rtec blokuje prawidtowe
dziatanie uktadu nerwowego, co prowadzi do nieprawidtowego funkcjonowania
narzagddw wydzielniczych, hormondw, enzymow oraz waznych dla organizmu
biatek takich jak np. hemoglobina. Metale ciezkie, np. otdw sg silnie wigzane
przez glebe na poziomie préchnicznym. Nikiel negatywnie dziata na rosliny
wigzace azot: system ten funkcjonuje na zasadzie sprzezenia zwrotnego, kiedy
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wzrasta poziom azotu, zmniejsza sie poziom niklu. Gdy poziom niklu jest
wysoki, zmniejsza sie wigzanie azotu przez rosliny.

W latach 1992 — 1997, w ramach Ogdlnokrajowego Programu Badan Rolni-
czej Przestrzeni Produkcyjnej, Okregowa Stacja Chemiczno — Rolnicza w Opolu
przeprowadzita badania majgce na celu ocene stopnia zanieczyszczenia gleb
metalami ciezkimi — kadmem, miedzig, niklem, otowiem i cynkiem.

Tab. 2. Aktualnie obowigzujgce kryteria oceny zawartosci zanieczyszczenia gleb
metalami ciezkimi zawarte w zatgczniku do Rozporzadzenia Ministra Srodowiska
z dn. 9 wrzesnia 2002r. w sprawie standarddw jakosci gleby
oraz standarddw jakosci ziemi (Dz. U. nr 165 poz. 1359)

Wartosci dopuszczalne stezenn metali ciezkich

Rodzaj gruntéow*® w glebie lub ziemi (mg/kg s.m.)
cd Cu Ni Pb Zn
Grupa B
4 150 100 100 300
warstwa 0 - 30 cm

* Grupa B - grunty zaliczone do uzytkéw rolnych z wytaczeniem gruntow pod
stawami i gruntow pod rowami, grunty lesne oraz zadrzewione i zakrze-
wione, a takze grunty zabudowane i zurbanizowane z wytaczeniem terenow
przemystowych, uzytkow kopalnych oraz terendow komunikacyjnych.

W odniesieniu do powyzszych danych, zebrano prébki oraz przeprowadzono
doktadne badania majgce na celu sprawdzenie zawartosci wybranych metali
ciezkich w glebach na terenie powiatow: brzeskiego, gtubczyckiego, kedzierzyn-
sko- kozielskiego, kluczborskiego, krapkowickiego, namystowskiego, nyskiego,
oleskiego, opolskiego, prudnickiego, strzeleckiego oraz na terenie miasta Opola.
Wyniki badan oraz ich poréwnanie w stosunku do $rednich wartosci dopuszczal-
nych dyktowanych przez Rozporzgdzenie zamieszczono w ponizszych tabelach.

Srednia zawartosé kadmu wmg/kg gleby

%(\O wediug Rozporzadzenia MS
'y

Rys. 1. Srednia zawarto$¢ kadmu w glebach Opolszczyzny.

Zrédto: ,Stan Srodowiska w wojewddztwie opolskim w latach 2005- 2006”

Monografia 183



Srednia zawartos¢ miedzi wmg/kg gleby

150
135
120
105

Rys. 2. Srednia zawarto$¢ miedzi w glebach Opolszczyzny.

Zrodto: ,Stan $rodowiska w wojewodztwie opolskim w latach 2005- 2006”
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Rys. 3. Srednia zawartoé¢ niklu w glebach Opolszczyzny.

Zrédto: ,Stan Srodowiska w wojewodztwie opolskim w latach 2005- 2006”
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/_ Srednia zawartos¢ olowiu w mg/kg gleby \
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Rys. 4. Srednia zawarto$¢ otowiu w glebach Opolszczyzny.

Zrédto: ,Stan Srodowiska w wojewddztwie opolskim w latach 2005- 2006”

/ Srednia zawartos¢ cynku wmg/kg gleby \

300
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Rys. 5. Srednia zawarto$¢ cynku w glebach Opolszczyzny.
Zrodto: ,Stan $rodowiska w wojewddztwie opolskim w latach 2005- 2006”

Jak widzimy, losowo zebrane usrednione probki mieszczg sie w dopuszczal-
nych wartosSciach. Niestety, dane te sg z roku 2005, a we wznowieniach brak
jest rozdziatu traktujgcego o glebach Opolszczyzny- badania nie byty prowadzo-
ne powtdrnie lub tez wyniki nie sg dostepne publicznie. W do$wiadczeniu
brakuje informaciji, jakie gleby badano w proébie. Biorgc jednak pod uwage czyn-
niki, ktére zostang doktadnie omdéwione w dalszej czesci tekstu, takie jak np.
duza ilos¢ niedawno likwidowanych mogielnikow, wysokie uzycie $srodkéw och-
rony roslin czy szybki rozwdj przemystu, warto bytoby zastanowi¢ sie nad natu-
ralnymi sposobami ochrony gleb naszego wojewddztwa. Degradacja gleb, za-
rowno w aspekcie fizycznym (zniszczenie struktur, zaburzenie proporcji), biolo-
gicznym (zaburzenie edafonu i niszczenie warstwy prochniczej) jak i chemicz-
nym (zaburzenie réwnowagi jonowej, przenawozenie, zakwaszanie) jest nieza-
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przeczalnym faktem. Najbardziej zagrozone degradacjg sg gleby lekkie, z duzym
udziatem piaskdw i cienkim poziomem préchniczym, a takie w naszym krajo-
brazie wystepujg w duzej ilosci.

\
_ | [ H D gleby bardzo lekkie
brzeski | mgleby Iekkie
_ mgleby Srednie
s [ =
peehelEm
kozielski Dane
orest i Okregowej
_ Stacji
kluczborski | - Chemiczno
- Rolniczej
krapkowicki || | || W Opolu
namyslowski | | .
o ] —
oleski
oposki [] | I
pnences [T
strzelecki | | |
m. Opole ] q
I — ——

0% 20% A% 6% 8% 100%

Rys. 6. Procentowy udziat kategorii agronomicznych gleb
wojewddztwa opolskiego uzytkowanych rolniczo

Zrodto: ,Stan Srodowiska w wojewddztwie opolskim w latach 2005- 2006”
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4 2005 . 2006 . A

0 26,5% o26,5%

= 51,5%
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Powierzchnia ogstem: Uzytki rolne:
D uzytki rolne . grunty orne
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D pozostate Hiqki
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\ pasl )

Rys. 7. Struktura uzytkowania gruntéw wedtug danych GUS

Zrédto: ,Stan Srodowiska w wojewddztwie opolskim w latach 2005- 2006”
{ 3

0% 10% 20% 30% 40% 50% 60% T70% B0% 90% 100%

Buzytki ralne

B grunty lesne oraz zadrzewienia i zakrzewienia
Ogrunty zabudowane i zurbanizowanea B grunty pod wodami
Muzytki ekologiczne, nisuzytk i tereny razne

Rys. 8. Struktura uzytkowania gruntéw w powiatach wojewddztwa opolskiego
w 2006 r. (dane Wydziatdw Geodezji i Kartografii Starostw Powiatowych)

Zrédto: ,Stan Srodowiska w wojewodztwie opolskim w latach 2005- 2006”
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Analizujgc powyzsze wykresy, mozemy zauwazy¢, ze bardzo duzy odsetek
gleb Opolszczyzny wykorzystywany jest, jako uzytek rolny, co dodatkowo prze-
mawia za tym, by wtozy¢ ogromny wysitek oraz dotozy¢ wszelkich staran w celu
ochrony oraz oczyszczenia gruntdw. Warto zwrdci¢ rowniez uwage na elementy,
ktore silnie wptywajg na proces bioremediacji, np. ilos¢ dostepnego tlenu, ilos¢
zgromadzonej wody (oraz jej rodzaj), warto$¢ pH, obecnos¢ pozywek do rozwo-
ju oraz temperatura.

Jedng z zaproponowanych metod jest bioremediacja podstawowa, czyli ta-
ka, ktora odbywa sie z wykorzystaniem jedynie naturalnych mikroorganizméw
zyjacych na skazonym terenie. Obnizenie stezenia szkodliwych czgsteczek do
satysfakcjonujgcego poziomu musi odbyc¢ sie w okreslonych ramach czasowych.
Metoda ta jest o tyle korzystna, ze nie wymaga zadnych dodatkowych naktadéw
Srodkow czy energii — jedynym procesem, jaki sie wykonuije jest biezagcy moni-
toring postepdw biodegradacii.

Mikroorganizmy wystepujgce na danym terenie mozemy stymulowac w celu
przyspieszenia procesu biodegradacji zanieczyszczen glebowych. Szybsze tempo
degradacji mozemy osiggng¢ poprzez wstepne zmniejszenie skazenia innymi
metodami, zwiekszenie ilosci tlenu (np. poprzez proces wttaczania powietrza
pod zwiekszonym ciSnieniem, stosowanie rozcienczonych roztworéw wody utle-
nionej czy spulchnianie gruntu), doprowadzenie gleby do korzystnego poziomu
pH, podwyzszenie poziomu wilgotnosci oraz kontrole temperatury, zwiekszenie
substancji mineralnych, w tym substancji odzywczych niezwykle waznych dla
prawidtowego zajscia procesu takich jak np. azot i fosfor (wzrost do pozadanej
objetosci osigga sie poprzez stosowanie nawozow. Stosowany naw6z musi jed-
nak spetnia¢ pewne normy, takie jak np. konieczno$¢ efektywnego uwalniania
azotu i fosforu w krotkim czasie, dostepnos¢ i tatwosS¢ transportu, niska cena
nawozu). Stosowane obecnie $rodki wzbogacajgce w azot i fosfor mozemy
podzieli¢ na trzy grupy: ciekte nawozy hydrofobowe, ktdrych zaletg jest tatwos¢
przylegania do substancji statych, na ktérych tworzg one jednolitg powtoke,
nawozy w postaci statej uwalniajgce z granulek pozgdane sktadniki po kontakcie
z wodg oraz wodne roztwory nawozOw zawierajgcych azot i fosfor tatwo pene-
trujgce do gtebszych warstw gruntu. Dodatkowym czynnikiem stymulacyjnym
moze by¢ odpowiednio dobrany preparat enzymatyczny. Praca ,,Reakcja auto-
chtonicznej mikroflory gleby skazonej ropopochodnymi na zastosowanie prepa-
ratu enzymatycznego i natlenienia” autorstwa Wioletty Rambau (pod nadzorem
naukowym dr hab. Teresy Krzysko- tupickiej) wykazuje, ze nie tylko natlenie-
nie, ale rowniez zastosowanie preparatu enzymatycznego, wptywa na liczeb-
no$¢ mikroorganizméw pozadanych dla procesu bioremediacji gleby skazonej
zwigzkami ropopochodnymi.

Gdy naturalnie wystepujaca na danym terenie flora bakteryjna nie jest wys-
tarczajgca do prawidtowego zajscia procesu bioremediacji, stosuje sie specjalnie
wyselekcjonowang populacje bakterii. Szczepy pozyskuje sie ze Srodowiska
naturalnego lub z biblioteki mikroorganizmdw, a nastepnie zawiesine namnozo-
nych organizmdéw bezposrednio wstrzykuje sie do skazonego gruntu. Wiekszy
sukces mozemy odnie$¢ wstrzykujgc mikroorganizmy wraz z substancjami od-
zywczymi dla nich. Konieczne jest zwrdcenie szczegdlnej uwagi, na oddziatywa-
nie uzytego szczepu z naturalng florg gleby. Zbior metod opierajgcych sie na
wzbogacaniu zanieczyszczonego terenu w specjalnie wyselekcjonowane mikro-
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organizmy nazywamy bioaugmentacjg. Skuteczno$¢ tego typu bioremediacii
zbadat zespdt studentdw z Kota Naukowego Biotechnologéw w skiadzie: Koszat-
kowska Magdalena, Krecidto tukasz pod nadzorem naukowym dr hab. Teresy
Krzysko- tupickiej. DoSwiadczenie wazonowe majgce za zadanie sprawdzenie
aktywnosci biologicznej gleby poddanej procesem biostymulacji oraz bioaug-
mentacji, zatozono w dwdch wariantach. W opcji pierwszej glebe zanieczyszczo-
ng substancjami ropopochodnymi poddano natlenieniu przy uzyciu wody utle-
nionej. W wariancie drugim wprowadzono szczepionke drozdzy Yarrowia lipoly-
tica do gleby zanieczyszczonej substancjami ropopochodnymi. Za wyznacznik
skutecznosci zastosowanej metody przyjeto liczebno$¢ mikroorganizméw degra-
dujacych weglowodory, za$ wskaznikiem Zzyznosci gleby uczyniono stosunek
liczebnosci bakterii i promieniowcow do grzybdw. Doswiadczenie dowiodto, ze
stymulacja tlenem jest bardziej korzystna dla zyznosci gleby niz bioaugmen-
tacja, poniewaz w znacznie wiekszym stopniu przyczynia sie do poprawy roz-
woju mikroflory prokariotycznej, a zatem i poprawy zyznosci gleby.

Inng metodg znajdujgcg zastosowanie w zmniejszaniu skazen gruntéw jest
elektrobioremediacja. Jest to zbidér metod wykorzystujgcych zjawiska mikrobio-
logiczne, chemiczne oraz elektrokinetyczne (np. oddziatywanie pola elektryczne-
go) do przyspieszania zajscia proceséw usuwania zanieczyszczen z gleb.

Bioremediacja z uzyciem mikroorganizmow cieszy sie duzym powodzeniem
w procesach technologicznych zwigzanych z wydobyciem, przetwdrstwem oraz
ekstrakcjg metali z odpaddw, poniewaz wspomaga proces odzysku czesci metali
z kopalin. Ogét dyscyplin skupionych wokot tej kwestii nosi nazwe biohydrome-
talurgii, a do gtownych zagadnien tej dziedziny nalezy pozyskiwanie siarki
z siarczan6w, odsiarczanie paliw takich jak wegiel czy ropa, oczyszczanie
Sciekow (co nie pozostaje bez wplywu na grunty). Metody biohydrometalur-
giczne koncentrujg sie na tugowaniu chemicznym oraz biologicznym metali
z odpaddw (np. przy uzyciu bakterii Ferroxidans oraz Thiooxidans). Mikroorga-
nizmy biorgce udziat w utlenianiu mineralnych zwigzkéw siarki i Zelaza to
zazwyczaj organizmy odzywiajgce sie chemolitotroficznie, wystepuja wsrdd nich
zaréwno chemolitotrofy obligatoryjne, takie jak 7hiobacillus thiooxidans, Thio-
bacillus ferooxidans, czyli chemolitoheterotrofy, np. Beggiata sp., Thiotrix sp.
Istotg procesu biotugowania jest uptynnianie nierozpuszczalnych zwigzkdw me-
tali. Gtdwna rolg mikroorganizmow jest zatem wytwarzanie kwasu siarkowego
(VI). Na wydajnos¢ biotugowania ma wptyw aktywno$¢ biochemiczna drobno-
ustrojow i witasciwosci fizykochemiczne zwigzkéw. Do gtdwnych zalet metod
z wykorzystaniem mikroorganizmdéw nalezy z pewnoscig prostota ich pozyskiwa-
nia (np. ze wspomnianych wczesniej szczepéw muzealnych) oraz niskie wyma-
gania finansowe: mikroorganizmy wykorzystywane w procesach biohydrome-
talurgii stanowig produkt uboczny proceséw przemystu farmaceutycznego oraz
fermentacyjnego w procesach oczyszczania Sciekdw. Zdolno$¢ osadu czynnego
do absorbowania na swojej powierzchni jondow metali ciezkich, zostata opisana
w 1949 roku przez Ruchoffa, ktdry stwierdzit obecno$¢ w osadzie czynnym
mikroorganizméw produkujgcych polimery i biatka zewnatrzkomérkowe wigzace
metale. Laboratoryjnie wykazat on, ze juz po pierwszych 15 minutach sorpcji
dochodzi do usuniecia 85- 90% metali wystepujacych w roztworze wodnym.
Usuwanie metali ciezkich z cieczy jest bardzo przydatne w rolnictwie, kiedy
mamy do czynienia z wykorzystywaniem Srodkow ochrony roslin. Czynnikami,
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na ktére musimy zwrdci¢ uwage jest pojemnos¢ adsorpcyjna mikroorganizmow,
tatwosc¢ ich flokulacji lub unieruchamiania, a takze sprawno$¢ usuwania metali
czy stata efektywnos$¢ zmniejszania ich stezenia przy jednoczesnym zastoso-
waniu jak najszerszego zakresu odczynu. Duzy problem stanowig koszty proce-
su, a szczegOlnie etap zwigzany z oddzieleniem biomasy organizméw od wody
osadowej.

Istotny wptyw na biodegradacje metali ciezkich wystepujgcych w glebie
przy okazji wykorzystywania Srodkéw ochrony roslin majg grzyby glebowe. Dos-
tarczajg one miedzy innymi enzymdéw do biodegradacji, ale takze sg cenne ze
wzgledu na fakt, ze majg mniejsze wymagania Srodowiskowe niz bakterie. Do
drobnoustrojow szczegdlnie pozadanych mozemy zaliczy¢ grzyby z rodzaju
Penicillium, Aspergillus, Fusarium i Trichoderma. Na podstawie doswiadczenia
wykonanego na potrzeby pracy ,Fitoekstrakcja wspomagana biologicznie” mo-
zemy wysnuc kilka wnioskdéw odnosnie dziatalnosci grzybdéw. W warunkach dos-
wiadczalnych badano wptyw grzybdw z rodzaju Glomus. Inokulum stanowity
zarodniki grzybow: Glomus constrictum, Glomus geosporum, Glomus claroide-
um, Glomus mosseae, Glomus laccatum wyizolowane z probki zanieczyszczonej
metalami ciezkimi gleby. Dla przyktadowych gatunkéw roslin uzywanych w fito-
remediacji stworzono wykresy, ukazujgce ich aktywnosci przy obecnosci grzy-
boéw z rodzaju Glomus oraz przy braku wspomagania. Na podstawie doswiad-
czenia, mozemy zaobserwowacC, ze na mikoryze najbardziej czute byly trawy,
najwiekszy przyrost na dtugo$¢ nadziemnych organdw zaobserwowano u babki
lancetowatej oraz lucerny siewnej. Przyrost korzeni traw znacznie wplywa na
penetracje w glab zanieczyszczonej gleby, co zwieksza wydajnos¢ fitoekstrakcji
metali ciezkich.

Metode oczyszczania gruntdw bazujgcg na naturalnej zdolnosci roslin do
pobierania i akumulacji metali ciezkich nazywamy fitoremediacjg. Fitoodzysk
pozwala na usuniecie zanieczyszczenia wraz z masg roslinng w fazie rozwojo-
wej, w ktérej rosliny wykazujg najwiekszg zdolnoS¢ do akumulacji metali.
Dotychczas duzy problem stanowity dalsze losy zanieczyszczonych roslin, jednak
obecnie stosuje sie specjalne spalarnie, ktore zapobiegajg powrotom zanie-
czyszczen do Srodowiska. Rosliny uzywane do fitoremediacji, powinny wykazy-
wac sie duzg odpornoscia na obecno$¢ metali ciezkich w glebie, zdolnoscig
akumulacji metali w swoich tkankach (tzw. ,hiperakumulatory”), wysokim przy-
rostem biomasy w stosunkowo krétkim czasie, dobrze poznang biologig, zdol-
noscig do szybkiego wewnetrznego transportu metali z korzeni do czesci nad-
ziemnych. Metalofity wykazujg dobrze rozwiniety wewnetrzny mechanizm tole-
rancji na wysokie stezenie metali ciezkich. Zanieczyszczenia ulegajg detoksyka-
cji na drodze chelatowania przez specjalne peptydy — fitochelatyny (syntezo-
wane z glutationu) oraz metalotioneiny (kodowane przez genom jadrowy)
zawierajgce duze ilosci reszt cysteinowych zgrupowane w dwoch domenach na
C" i N’ koncu biatka, a nastepnie szkodliwe substancje gromadzone sg w wod-
niczce. Tam zostajg zwigzane w kompleksy z fenolami i glikozydami. Metalofity
znajdujg takze zastosowanie w bioekstrakcji, czyli wydobywaniu toksycznych
metali ciezkich z gleb, jezior i rzek. Zdolnos¢ roslin do adaptacji do obecnosci
jednego lub kilku metali zostata wykorzystana do poszukiwania zt6z niektdrych
metali, np. Hybanthus floribundus jest krzewem Swiadczacym o obecnosci w pod-
tozu niklu, Eriogonum ovalifolium wskazuje lokalizacje ztéz srebra, a niektore
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gatunki Astragalus stuzg identyfikacji zt6z uranu. Dla procesu bioremediacji wys-
tepuje takze szereg zalecen utatwiajgcych wigzanie metali ciezkich przez rosliny,
tj.: musimy zadbac o to, by nie wystepowaty ograniczenia w dtugosci korzeni
roslin (szczegdlnie dotyczy to traw), gdyz uniemozliwia to penetracje zanieczysz-
czonej gleby, rosliny powinny réwnomiernie i w petni pokrywac powierzchnie
zanieczyszczonej gleby, mozemy stosowac specjalne wspomaganie, np. oma-

wiane wczesniej grzyby z rodzaju Glomus, wchodzgce w mikoryze z rosling.

Tab. 3. Zastosowanie réznych gatunkéw roslin w fitoekstrakgji i fitostabilizacj.
Zrédto: [1]

Gatunek rosliny Proces fitoremediacji | Rodzaj do$wiadczenia Zawartos¢ metali w glebie (mg/kg) Odniesienia literaturowe
Brassica Juncewa fitostabilizacja WazZonowe Cr(100) Bluskov 1 inni (2005)
Lupinus albus fitostabilizacja WaZONoOWe Cu, Pb, Zn (30/2947/2058) Marinez-Alcala i inni (2009)
Populus tremuloides Nieokreslono polowe Cu Seguin i inni (2004)
Salix viminalis x Salix Schwerinie fitostabilizacja Wazonowe Hg (30) Wang i inni (2005)
Stachys sylvatica fitostabilizacja polowe As Antosiewicz 1 inni (2008)
Nicotiana tabacum fitoakumulacja wazonowe ZnEDTA (60.1) Loosemore i inni (2004)
Salix viminalis fitoakumulacja wazonowe Cd, Cu, Zn (1.76/547/666) HemmegilKelleg (2002)
- Cd, Cu, Zn (2.49/227/1144) Hammer i Keller (2002)
polowe Ni (2199-3028) Garcia-Leston 1 inni (2007)
Alvssum pintodasilvae fitoakumulacja Cr, Cu, Ni, Pb, Zn, Ni Kidd i Monterroso (2005);
wazenowe (100/250/500/2000/2300) Kidd i inni 2007
Brassica oleracea fitoakumulacja wazonowe TL(1300) Al.-Najar i inni (2003)
theris intermedia fitoakumulacja Wazonowe TL(1300) Al.-Najar i inni (2003)
Preris vittala fitoakumulacja Wazonowe As (105) Silva Gonzagai inni (2006)
Cd/Pb/Zn (15.4/4800/2190) Puschenreiter i inni (2003)
Thlaspi caerulescens fitoakumulacja Wazonowe Cd/Cu/Zn (2.49/227/1144) Hammer i Keller (2002)
Cd/'Cu/Zn (1.76/547/666) Hammer i Keller (2002)
o . polowe Ni( 2580) Wenzel i inni (2003)
Thiaspt goeingense LT T Wazonowe Cd/Ni/Pb/Zn (15.4/26.2/4800/2190) Puschenreiter i inni (2003)

Tab. 4. Poréwnanie zdolnosci do pobierania metali ciezkich z gleb
przez wybrane gatunki roslin.
Zrédto: [9]

Zdolnos¢ do pobierania m.c. z gleby (g/ha)
Rodzaj, gatunek

Zn Cu Pb cd
Lactuca serriola 20600 b.d. b.d. 420
Artemisia vulgaris 8 000 1620 340 720
Salix viminalis b.d b.d b.d 217
Salix caprea 2340 76 242 41
Betula pendula 2480 27 285 8
Deschampsia cespitosa 11 500 b.d 1600 470
Chenopodium album 13 200 620 200 b.d

W powyzszym zestawieniu znajduje sie wiele gatunkow roslin wystepuija-
cych w wojewddztwie opolskim, nalezy do nich np.: kapusta sitowata (Brassica
Juncea), bedaca efemerofitem, czyli gatunkiem czasowo wystepujgcym na tere-
nie danego kraju, jednak nie bedacym jego gatunkiem rodzimym, tubin biaty
(Lupinus albus), czesto siany jako poplon ze wzgledu na swojg wysokobiatko-
wos$¢, kapusta warzywna (Brassica oleracea), ktérej odmiany sg obecnie szero-
ko rozpowszechnione na catym Swiecie, czysciec lesny (Stachys sylvatica),
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pospolicie wystepujacy na catym nizu Polski oraz wierzba wiciowa (Salix vimi-
nalis). Kolejnym waznym gatunkiem jest topola osika (Populus tremuloides),
ktora jako gatunek tegowy, czesto rosnie na granicy pdl oraz rzek. Niestety,
populacja topoli osiki drastycznie zmniejsza sie na Opolszczyznie, ze wzgledu na
szkodliwg dziatalno$¢ bobrow, zgryzajgcych drewno. Mozna wysnuc teze, ze
topola osika jest jednym z szybciej zanikajgcych drzew naszego wojewddztwa.

Tab. 5. Przyktady hiperakumulatoréw.
Zrédto: [1]

Pierwiastek Gatunek ro$liny Zawartos¢ metalu (mg/kg)
Cynk (Zn) T caerulescens 39,600
Kadm (Cd) T. caerulescens 1,800
Nikiel (Ni) Alyssum bertolonii 13,400
Selen (Se) Astragalus racemosa 14,900
Tall (TT) Iberis intermedia 3,070
Miedz (Cu) Ipomoea alpina 12,300
Kobalt (Co) Haumaniastrum robertii 10,200
Arsen (As) P vittata 27,000

PowyZzsza tabela zawiera przyktady hiperakumulatorow, czyli roslin, ktére sg
w stanie przyjmowac nawet do 100 razy wiekszg koncentracie metali ciezkich.
Niestety, zaden z wyszczegdlnionych gatunkdw nie wystepuje naturalnie na Opol-
szczyznie. Stwierdzono jednak inne gatunki hiperakumulatoréw, wystepujace na
terenie naszego wojewoddztwa, takie jak np.: zawcigg pospolity (Armeria mari-
tima) odpowiedzialny za akumulacje cynku i otowiu, rzodkiewnik Hallera (Arabi-
dopsis haller)) gromadzacy w swoich lisciach oraz todygach cynk i kadm, czy perz
wihasciwy (Agropyron repens), z czego ten ostatni pospolicie wystepuje na catym
nizu Polski. Do fitoremediacji zanieczyszczen rzek uzywa sie metody- ryzofiltracii,
bazujacej na roslinach pospolitych, takich jak wierzby, topole oraz trzciny.

Fitoekstrakcja, jako jedna z metod fitoremediacji, skupia sie na nagroma-
dzeniu wysokiego plonu biomasy z roslin uprawianych w skazonym $rodowisku.
Jest jedyng metodg wykorzystujgcg rosliny, pozwalajgcg na usuwanie zanie-
czyszczen in situ- w miejscu skazenia. Rosliny znajdujgce zastosowanie w tym
procesie sg w stanie wydziela¢ do podfoza specjalne substancje utatwiajgce po-
bieranie metali ciezkich. Powaznym problemem fitoekstrakcji jest niska dostep-
noS¢ przyswajalnych przez rosliny jondw metali. Do fitoekstrakcji indukowanej
uzywa sie czynnikdw chelatujgcych, takich jak np.: EDTA czy kwas cytrynowy.
Zanieczyszczenia sg kumulowane w wodniczkach, najczeSciej w organach sta-
rzejgcych sie lub w miejscach, gdzie nie stanowig one zagrozenia dla rosliny,
np. w przestrzeniach miedzykomorkowych czy w $cianach komorkowych z wy-
korzystaniem pektyn. Czynnikami, na ktére warto zwrdci¢ uwage przy fito-
ekstrakcji jest pokrycie gleby przez roSline, dtugos¢ korzeni oraz peddw, sucha
masa roslin, stezenie pobieranego metalu w roslinie oraz wspétczynnik akumu-
lacji pierwiastka charakterystyczny dla danego gatunku.

Fitodegradacja, polega na pobieraniu przez rosliny metali ciezkich, a nastep-
nie, przy pomocy kompleksow metabolicznych cyklu enzymatycznego (przy po-
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mocy enzymow katalizujgcych reakcje, takich jak dehalogenazy, peroksydazy,
fosfatazy), ich transformacji w formy bardziej odpowiednie dla rosliny. Metoda ta
powoduje catkowity rozktad zanieczyszczenia do dwutlenku wegla oraz wody, co
znacznie redukuje problem zbioru populacji oraz unieszkodliwiania organéw ros-
linnych gromadzacych szkodliwe zwigzki. Problem fitodegradacji stanowi odpo-
wiedni dobdr zanieczyszczenia, ktdre za jej pomocg bedzie usuwane: zwigzki
powinna cechowac odpowiednia rozpuszczalnos¢, preznos¢ par oraz masa czas-
teczkowa.

Fitostabilizacja polega na immobilizacji metali ciezkich w korzeniach ro$lin,
adsorbcji na powierzchni tych organéw lub wytrgcania w strefie korzeniowej.
Jest to metoda zabezpieczajgca przedostawanie sie zanieczyszczen w giab gleby
oraz do hydrosfery, nie degraduje ona jednak szkodliwych substancji. Technika
ta uzywana jest do odtwarzania szaty roslinnej na terenach, na ktorych zanikta
ona w wyniku dtugotrwatego duzego stezenia szkodliwych substanciji.

Tab. 6. Pordwnanie kosztow bioremediacji oraz metod konwencjonalnych
do usuwania skazen wod oraz gruntow
Zrédto: [2]

Koszt
Rodzaj | miejsce skaZenia konwencjonalnej Koszt Zysk
metody bioremediacji 31
OCZYSZCZania %1
[5]

Grunt na terenie miejskim, skazony weglowodorami| wydobycie gnuntu, | biowentylowanie
pochodzenia petrochemicznego oCzZysZezanie poza|miejsca skaZzenia
migjscem skazenia

3 min 0,2 min 2,8 min
Grunt na terenie przemystowym, skaZony| wydobycie gruntu, | biowentylowanie

weglowoedorami pochodzenia petrochemicznego oCZysZczanie poza|miejsca skaZenia
migjscem skazenia

3 min 0,2 min 2,8 min
Grunt i wody gruntowe skaZone trichloroetanem | pompowanie oraz|ekstrakcja parg

(TCE) OCZYSZCZanie wodna,

biowentylowanie

20 min 2 min 18 min
Katastrofa tankowca — skaZzenie wybrzeza WyTywanie biostymulacja
dodawanymi
odzywkami

1,1 min za km 0,005 min za km | T min

wybrzeza wybrzeza za km
Grunt | wody gruntowe na terenie skazonyme TCE | pompowanie oraz | biowentylowanie

oczZyszezanie wody

i gleby
20 min 2 min 18 min
Teren skaZzony halogenoweglowodorami wydobycie gruntu i| biowentylowanie

OCZYSZCZanie poza
terenem

15 min 2 min 13 min
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Fitoewaporacja jest metodg polegajgca na pobieraniu zanieczyszczen przez
rosSliny, a nastepnie transpiracji zanieczyszczen w zmienionej formie. Szczegolna
skutecznos¢ tego procesu zostata wykazana dla selenu, rteci oraz arsenu.

Podsumowanie

Bioremediacja posiada niezliczong ilos¢ zalet, wsrdd ktorych wymieni¢ moz-
na mozliwo$¢ zastosowania jej w zmiennych warunkach pogodowych oraz w
zroznicowanych formacjach geologicznych, ekonomiczno$¢ prowadzenia proce-
séw, w tym niskie wymagania odnosnie specjalistycznej aparatury i sprzetu,
mozliwoS¢ prowadzenia procesu /n situ, co znacznie ogranicza problemy zwig-
zane z transportem, dostep do gleby bezposrednio po oczyszczeniu, redukcje
powstajgcych odpaddw, tatwosS¢ wdrozenia metody oraz fakt, ze roSliny sg
tatwo dostepnym i odnawialnym zrédtem, dobry odbior spoteczenstwa.

Ograniczeniem bioremediacji moze by¢ rodzaj skazenia, gtebokoS¢ pene-
tracji korzeni, rozpuszczalnoS¢ i dostepnoS¢ zanieczyszczen zalezna od wielu
czynnikdw zewnetrznych, powstawanie materiatow niebezpiecznych, mozliwosé
rozprzestrzenienia sie pierwiastkow w tancuchu pokarmowym, konieczno$¢ pro-
wadzenia monokultur rosliny dokonujagcej procesu fitoremediacji, a zatem nizszg
odpornos¢ populacji na szkodniki czy choroby, mozliwo$¢ sprowadzenia wraz
z gatunkiem bedacym hiperakumulatorem, innych gatunkéw inwazyjnych, w
tym gatunkoéw potencjalnie niebezpiecznych dla rodzimej fauny i flory, wolne
tempo oczyszczania, metody bioremediacji sg stosunkowo mato poznane nau-
kowo.

Koniecznym jest, aby bioremediacja, jako metoda usuwania zanieczyszczen
z gruntdw, sie rozwijata. Zbadane powinny zosta¢ sposoby odzysku metali
z biomasy roslinnej oraz z formacji geologicznej, a takze dalszy los mikroorga-
nizmdéw oraz roslin, w ktdrych akumulowane sg substancje niebezpieczne. Do-
datkowo, réwnoczesnie z badaniami nad ewentualnymi zagrozeniami wynikajg-
cymi z zastosowanych metod, powinny by¢ prowadzone doswiadczenia na po-
ziomie inzynierii genetycznej, majgce na celu podniesienie zdolnosci akumula-
cyjnych wybranych organizméw, a takze mozliwosci krzyzowania i lepszej adap-
tacji gatunkow. Naturalne metalofity stanowig bardzo dobry punkt wyjscia do
badan nad mechanizmami odpornosci na wysokie stezenia metali, co powinno
sie przetozy¢ na wskazanie gendw odpowiedzialnych za zlozone procesy, a w
przysztosci powstanie transgenicznych odmian osiggajacych lepsze wyniki oczysz-
czania. Rozwdj metod oczyszczania gruntdow powinien by¢ szeroko badany, ze
wzgledu np. na bliskg perspektywe zamkniecia sktadowiska odpaddéw niebez-
piecznych w Rdzanowie, co za tym idzie konieczno$¢ oczyszczenia okolicznych
gruntdw, ograniczenie ilosci produkowanych i nieutylizowanych odpadéw. Meto-
dy remediacji wpisujg sie w programy rozwoju technologii sgsiadujgcych woje-
wodztw, np. wojewddztwa $laskiego na lata 2010 — 2020. Na terenie Opolsz-
czyzny, bioremediacja znalaztaby zastosowanie nie tylko do usuwania metali
ciezkich z gleb wykorzystywanych rolniczo, ale réwniez z gruntéw po dawnych
mogilnikach, czy do unieszkodliwiania skazen powstatych w obecnie istniejgcym
mogilniku na terenie miasta Brzeg.
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