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Abstract: The author is in article oriented to the specific activities of fire fighting units, which became a part of
their activity just in last 15 years. They are ecologic disasters on water flows. Liquidation of those disasters is
difficult regarding the environment, which is for the human unnatural for his free movement. For liquidation of
those disasters are necessary the special means that need some helping of skills and knowledge from various
branches, which are different from current fire fighting activities. In last part of the article are described the most
familiar means for catching the leaking materials on water flows. Author describes each types of oil barrier and
put them in order according to pretension of their installation. Every oil barrier gets some name. The least
pretentious oil barrier from the view of installation is oil barrier filled by the foam. Oil barrier filled by the air is
the most in use. The last walls are metal and are the most stable and the most existing

Key words: Qil barrier, Hydrophobic absorptive material, Degreasing means, Pumps in explosion - proof
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Introduction

Article describes knowledge about technical equipment’s and systems for liquidation of
ecological disaster on water. A the method of laying and applying sorption systems is described
by Fabian, Slezék (2014) and Coneva (2005).

To the basic equipment’s for providing of works during the liquidation of ecological disasters
on water - course belong:

1/ oil barriers of different construction and hydrophobic absorptive snakes

2/ bulk hydrophobic absorptive materials for absorption of petroleum substances

3/ hydrophobic absorptive carpets and hydrophobic absorptive mats

4/ degreasing means for chemical decomposition of hydrocarbons

5/ pumps in explosion proof version for collection of leaked substances from water level

To the subsidiary means for providing of safety works during the liquidation of petroleum
disasters on water - course belong:

1/ lifeboat — the best if is equipped with powerful hanging ship engine

2/ fixing portable basins for temporary storage of contaminated material taken from water level
3/ mobile means for transport of contaminated material taken from water level

Description brief of individual means for Oil barriers
a/ Oil barriers - filled with a foam

The barrier is designed for creating barriers on the water level during liquidation of ecological
disasters and for their prevention. (Lauko, 2005) The barrier (Fig 1) is practically non-sinkable.
It observes its functions even after partial destruction. It has very good physically mechanical
characteristics, chemical resistance and is resistant to solar radiation. Even without
maintenance, it can be in used for several years.
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Fig 1 Example of Oil barriers (Lauko, 2005)
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The barrier consists of firm covering filled with lightweight foam, equipped with steel rings for
anchorage of a guide rope and for linking the barriers together. At the bottom of the barriers
there are weight bars (Fig 1). The length can be adjusted according to the customer requests.
Used materials are friendly to the environment. Particular segments are joined by connecting
PP rope at a diameter of 4 mm or by using plastic needle.

b./ Inflatable floating oil barriers

They are used for catching of petroleum substances from the water level. It is an air hose in
cylinder-shape (Fig 2) with diameter of 30 cm, which is equipped with cleaning doctor of 48
cm (height). Produced length of the barrier is 5 and 10 m. Separated parts can be connected.

Details of connecting the barriers (Fig 3):

e The barrier cleaning doctor is reinforced along full length with polyamide strap creating also
catching eyes for fastening booms to the bank or anchorage

¢ At both ends of the barriers the reinforced textile strips are made to enable mutual connection
with the help of fast locking device

e Galvanized chain is used as a weight element
e The barriers are transported in textile packaging

Fig 3 Details of connecting the barriers (Photo autor)
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We can reckon this oil barrier as a basic barrier, which has to absorb the biggest quantity of
leaked substance. It is the most massive barrier, which we use and the advantage is good
storage, in emergency state takes a little place.

c./ Metal oil barrier for high flow speed

Is made from zinc-coated iron with non-dip float. Segments are equipped with handles and
length of segment is 4 m. Producer offers segment according to the customer’s requests.

Special design ensures excellent fixation of danger substances on the water courses with high
flow speed. Sealing rubber slips prevent the penetration of petroleum substance between
segments, thanks to solid metal construction is able to stand higher strain.

This oil barrier is suitable for long time intervention or as a preventive wall on the places, where
is expected up rise of ecological disasters and may be used for absorbing of contamination on
smaller water courses. During the installation, we do not need the inflating or stretching by the
bearing petroleum (Fig 4).

Fig 4 Practical skills during the installation metal oil barrier (Photo autor)

d./ Layer oil barrier

Layer oil barrier is the best-sophisticated barrier. It is high stable and solid metal construction.
They are two parallel metal barriers to which it is possible to install grillage settee on which it
is easily to walk. It is possible to connect the segments by the pins, length of the segments is 3-
5 m. For the manipulation with segments it is necessary to use the lift techniques. This barrier
is suitable for long time intervention and for collection of contamination and petroleum
substances. Purchase of this barrier is advantageous investment on the placed where are
repeated disasters. Individual segment can be used as an improvise float with loading capacity
to the 150 kg.
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Fig 5 Practical skills during the installation layer oil barrier (Photo autor)

Basic rules for installation of oil barriers on the water - course:

¢ If we have in intervention perimeter the water - course, it is good that we have choosed some
places for installation of this oil barrier

¢ If we choose the place, we have to connect the barrier to the length, which will be enough
for dam of water - course

¢ If we have enough of those oil barriers, we can make more of those sets (it will speed up the
intervention)

e Itis good if every oil barrier has blast valve as is on the tire of vehicle (clever fire men can
do them very easy)

e Itis good to have to every segment one pressure bottle e.i. from the breathing apparatus, and
it is good to have on the bottle tube for blowing of oil barrier

For blowing of one segment and putting on the water level is one fire man enough:
e |t can see unbelievable, but five fire men can blow 50m of oil barrier in 2 minutes

¢ In case that the barrier consists from more than two segments it is good if on every joint of
segments is attached rope, which is anchored on the shore and helps the barrier as a whole
to keep the requisite form.

e The barrier before the putting on the water level must be very good anchored on the shore

e The barrier must be put on the water level parallel with the shore so, that the anchored of
barrier on the bottom must be in flow of water course

Barrier is installed so, that at first on the top end we tie solid and sufficient long rope, which
we carry over to the opposite side of water course and we place to the shore the suitable anchor
element around which we by one or two twine we wrap the rope

When is everything ready we can step by step to relieve the ropes and the barrier is by the
pressure of water raft to the opposite side of water course

10
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This description seems to be longwinded, physical difficult but I can guarantee that well
organize teams of 10 firemen will make the installation of 50 m barriers in not more than 10
minutes.

The conditions is that you have prepared all necessary means: Connected oil barriers, Pressure
bottles with air + filling valves, Anchorage ropes, anchorage pins, big hammers.

e./ hydrophobic absorptive snakes

Those equipment’s for liquidation of petroleum disasters are on the interface between barriers
and absorptive materials. Their shape reminds oil barrier and working quality are as in
absorptive materials. | can say that it is genial combination of function and purpose of use.
When I met them first time I though that they are assigned for using in “first line” but life
convince me that their place is on the back and in my practice | used them on the last place
where the water was clean and our task was to take the last petroleum spots

After them was nothing just chemical elimination of petroleum substances. | treat their using in
first line as a waste of money because the absorptive snake can very quickly absorb big quantity
of petroleum substances. | recommend to use absorptive snake just one time and after using to
do the special liquidation. Absorptive snakes have against the oil barriers advantage that they
float on the water level and dip step by step with absorptive substances and they do not make
resistance on the water level.

Hydrophobic absorptive snakes

Unobjectionable from the point of health in contact with drinkable water (Fig 6). Do not change
nature of absorbed substances. Resistant to climatic effects, moulds, micro-organisms and solar
radiation. They are high absorption capacity (Fig 7).

Fig 7 Examples of Hydrophobic absorptive snakes. Legends: a) The stripes improve permeability and increase
capture of pollution, b) Simple connecting of the snake during elongation of the barrier, c) Various diameters of
the snakes

Loose absorptive materials for absorbing the petroleum substances

11
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For absorbing of leaked substances on the water level we must use hydrophobic absorbent,
which do not suck water but just petroleum substance. From the side of material origin we know
2 types of absorbents. Natural base (mainly peatbog) and second type synthetic materials makes
on the base of textile fibre (polypropylene and polyethylene).

Natural materials are more ecological and after my experiences they have better absorptive
abilities. Natural materials are more expensive, but are biological degrading — synthetic
absorbents are cheaper, but they need to be liquidated by burning (Markova, 2007).

Hydrophobic absorptive loose absorbent (no woven textile) has (Fig 8):

e Very high absorption capacity; up to 77 | of liquid is caught by 5 kg of loose absorbent.
e Very quick absorption.

e Unlimited time of storage.

e Easy combustibility.

e Excellent floating.

¢ Profitable rate between the absorption capacity and price.

Fig 8 Examples Hydrophobic absorptive loose absorbent (no woven textile)

Hydrophobic absorptive peat loose absorbent (Fig 9) has:

Liquidation of petroleum crashes both on the solid ground and water surface

¢ Refinement of petroleum leakages from hardly reachable places and uneven surfaces.
e Cleans out even small chinks.

e Active support of biodegradation of captured petroleum products.

e Low weight.

e Long-lasting storage.

12
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Fig 9 Examples Hydrophobic absorptive loose absorbent (no woven textile). Legends: a) Application on the solid
ground, b) Application on the water surface

At the end of this section | would like to say that the loose absorbents belong to the basic
equipment for liquidation of ecological disasters but I do not recommend them for liquidation
of those disasters on water - courses because their collection from water level is quite difficult
and it is physically difficult with low effectiveness. | recommend using loose absorbents on the
solid ground, where we can easily sweep them on the shovel and put them to the bag. For water
level I recommend something else.

Hydrophobic absorptive carpets and mats

I reckon the hydrophobic absorptive mats or carpets as the best means for collection of
petroleum substances on the water level. Their advantage is easy application and easy collection
from the water level. You can reach them from the shore. More easily is manipulation with
hydrophobic carpet, which just uncurl and rip required quantity and put it on the water and next
process is as with the mats.

Hydrophobic absorptive mats (Fig 10) have good properties, such as:
¢ High absorption capacity for petroleum substances.

e Quick capture and collecting of dangerous liquids both from the solid ground and water
surface.

e Easy manipulation.

e Simple adjustment of the shape.
¢ Unlimited time of storage.

¢ Resistance to climatic effects.

Fig 10 Examples of Hydrophobic absorptive mats

Hydrophobic absorptive mats are applicated on absorb petroleum substances and oils. They do
not absorb water (Fig 11), unlimited floating on the water surface. Resistant physical bond
between captured liquid and absorbent, captured liquid does not release spontaneously.

&

ro v
Fig 11 Examples of Applications Hydrophobic absorptive mats
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Degreasing means for chemical decomposition of hydrocarbons

In my fire fighting practice | met with two products, which totally liquidate the coloured greasy
spots from water level - residue of petroleum substances, which float on the surface. Their
thickness is 100 to 200 microns. | read from the information letter that the bio activator involved
in the means causes extremely quick biological degrading of petroleum spots and residues, and
at the end outgoing stuff is just H20 a CO2. By this is reduced danger resulted from leaked
petroleum products. Activator is pH neutral and dermatological unexceptionable.

It is non-flammable non - toxic liquid made so, that she works as an active means, which does
not have any effects as a classical cleaning stuff (organic solvent, etc.). It decomposes
hydrocarbons molecules on shorter chains and supports bacteria activities during their next
sour.

Pumps in explosion - proof environment for collection of leaked substance from water
level

I reckon the collection of liquids from water level as a top of art of liquidation ecological
disasters. It is technical difficult activity, which we can use just in exceptional incidents. This
intervention has its danger, sufficient thickness of substance on the water — course and other
problem is ownership of those pumps. Because I do not know about the equipment’s of fire
fighting unit in Slovak republic by those means | would like to leave this part without comment.
I think that the picture shows the possibility and ways of using.

Oil Skimmer

Floating oil skimmer for faster sucking of oil and other related pollutants from the water level
of slack and flowing water. Advantages of the oil skimmer KAISER (Fig 12):

Versatile application on the water level, Easy to transfer - collapsible construction, can be
successfully used with the vacuum pump and peristaltic pump system, Easy manipulation,
trouble-free operation, Automatic regulating of skim edge, Flow capacity 100 - 400 I/min,
Floating hose 10 m

wrstva ropnej latky
plavajica hadica e

nosny  regulagny
plavdk  plavak
".

perigtatické éerpadio
~ 400 I'min.

Fig 12 Application of Oil Skimmer (https://www.reoamos.sk/sorbenty/c-1/)

14
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Peristaltic pump and its application (Fig 13) are followed:

Repump of water contaminated with petroleum substances, Does not generate water emulsions
of hazardous substances, Pump for oil skimmer from water surface, Pump can tick-over, High
chemical resistance of the pump, Engine: electrical, petrol, hydraulic, Rotation speed: 650 - 3
600 rotation/min. Power: 5 000 - 20 000 I/hour and Height of suction: 0 - 8 m

Fig 13 Apllication of Peristaltic pump and its application (https://www.reoamos.sk/sorpcne-norne-steny/c-247/)

Conclusion

This article is written with a view of the fireman, who encounters the problem of environmental
accidents in his practice. Since this topic is very extensive, | have devoted myself in this
contribution to only the general knowledge that has brought the reader to the issue.
The main message for the practice is that: environmental accidents are part of daily life and
therefore do not need to be overlooked but need to be prepared for them. It is necessary to know
your intervention space, you need to identify the platforms for intervention, to buy means to
eliminate environmental accidents and then to practice and practice and to practice again. Only
a ready fireman wishes luck.
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Abstract: The article describes the identification of human errors in the real work during the repair of an electric
motor in power plant. These processes are managed by internal regulations, technological procedures and the
implementation step process in which human factor contributes. The partner control method for managed activity
has been assessed to observe the principles of work safety by an impartial observer. The aim was to identify human
error factor. Couching and observation were used as tools to identify the deviations from the standard procedure
when repairing the electric engine. Human factor errors were identified. The measures for applications of the tools
to prevent human errors were set up on retraining and self-perception of the incorrect procedures of the employees
due to objective and subjective reasons. The implementation of methods of the effective couching and the control
from the management are the measures in the area of nuclear power stations and, thus, they lead to achieve
desirable behaviour change and awareness of the personal responsibility for quality and safe work performed by
the staff. Allelopathic compounds affect competition between species, structure of phytoplankton and may be a
strategy for some species that allows them to survive and expand. The main aim of this work was to investigate
the allelopathic effect off picocyanobacteria Synechococcus strains BA-120, BA-124 and BA-132 on growth,
fluorescence parameter: the maximum quantum yield of PSII photochemistry (F./Fm) and pigments content:
chlorophyll a and carotenoids of Nostoc sp., Amphora coffeaeformis and Chlorella sp. The results of this study
demonstrated that picocyanobacteria caused allelopathic effects on mentioned species. It was noted that addition
of cell-free filtrate from Synechococcus strains BA-120, BA-124 and BA-132 decreased the number of cells of
Nostoc sp., A. coffeaeformis and Chlorella sp. Furthermore, it was found, that picocyanobacteria significantly
decrease fluorescence parameter F/Fr and chlorophyll a and carotenoid content of these species. Results of this
experiment may provide further information about allelopathic interactions between picocyanobacteria and other
co-existing phytoplankton species in the Baltic Sea.

Key words: allelopathy; picocyanobacteria; diatom; green alga; cyanobacterium; growth; fluorescence; Baltic Sea

Abstrakt/ Streszczenie: Zwiazki allelopatyczne moga wptywaé na konkurencje migdzy gatunkami, sktad
fitoplanktonu oraz stanowié strategi¢ niektérych gatunkéw pozwalajaca im na przezycie lub nawet na masowa
ekspansje. Glownym celem niniejszej pracy bylo zbadanie efektu allelopatycznego oddziatywania trzech
szczepdw pikoplanktonowej sinicy Synechococcus sp. na wzrost, maksymalng wydajno$¢ kwantowa fotosystemu
Il (FW/Fm) i zawarto$¢ barwnikow fotosyntetycznych w odniesieniu do sinicy nitkowatej Nostoc sp., okrzemki
Amphora coffeaeformis i zielenicy Chlorella sp. Wyniki przedstawione w tej pracy pozwalaja stwierdzié, ze
szczepy pikoplanktonowej sinicy prezentuja oddziatywanie allelopatyczne na testowane gatunki. Stwierdzono
bowiem, ze dodanie przesaczu z hodowli szczepow Synechococcus sp. BA-120, BA-124 i BA-132 zmniejszyto
liczbe komorek w hodowlach Nostoc sp., A. coffeaeformis i Chlorella sp. Ponadto wykazano, ze pikoplanktonowe
sinice w znaczgcym stopniu obnizaja warto$¢ parametru fluorescencji Fv/Fm i zawarto$¢ chlorofilu a oraz
barwnikoéw karotenoidowych w komorkach testowanych gatunkow. Uzyskane wyniki dostarczajg nowych
informacji na temat allelopatycznych interakcji miedzy pikoplanktonowymi sinicami a innymi gatunkami
budujacymi fitoplankton w Morzu Battyckim.
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Introduction

Picoplankton is the smallest size fraction of plankton. The size of organisms of picoplanktonic
cell size ranges from 0.2 to 2.0 um. The group contains hetero- and autotrophic organisms. The
latter group contains the following groups: Chlorophyta, Bacillariophyta, and Picobiliphytes,
as well as prokaryotic Cyanobacteria (Stockner, 1988; Not et al., 2007; Jakubowska, Szelag-
Wasielewska, 2015; Jasser, Callieri, 2017). The first reports on the occurrence of picoplankton
organisms in high concentrations in both seawater (Johnson, Sieburth, 1979; Waterbury et al.,
1979) and freshwater reservoirs (Paerl, 1977) were only the beginning of many studies
conducted in this field. Currently, significant amounts of picoplanktonic organisms are
observed in all oceans of the world (Callieri, 2010; Flombaum et al., 2013; Jasser, Callieri,
2017). There are also many reports about their occurrence mainly in Europe, but also in North
America and New Zealand (Beardall, 2008, Worden, Wilken, 2016). Due to the small size of
these organisms, their role in aquatic ecosystems was still insufficiently known.

The species diversity of marine planktonic cyanobacteria is low, they are represented mainly
by two genus Synechococcus and Prochlorococcus. Organisms of the genus Synechococcus
occur throughout the world and are also found in freshwater ecosystems. They are organisms
with a significant role in aquatic environments because they occur in high concentrations up to
1.5x10° cells per liter of water (Partensky et al., 1999; Jasser, 2006). In the Baltic Sea genus
Synechococcus is dominant among picoplanktonic organisms. Furthermore, in the Baltic Sea
Synechococcus group contain klads depending on their pigment composition. That include
strains rich in phycoerythrin that can differ in color from orange to red and strains that contain
mainly phycocyanin that can occur in different shades of green and blue (Haverkamp, 2009).
What is more, strains that mainly contain phycoerythrin can also comprise two different
fikobilin pigment; phycoerythrobilin or phycourobilin. In addition, red strains occur mainly in
clear oceanic waters and green strains prefer turbid fresh waters both of these strains appear in
the Baltic Sea but occupy different ecological niche by occurring on different depths (Voros et
al., 1998; Haverkamp et al., 2009).

Picoplanktonic organisms play an important role as food for many organisms. Due to their size,
they constitute the main source of food for ciliates and flagellates and other larger
representatives of zooplankton (Jyothibabu et al., 2013). In addition, literature data indicate that
picoplankton may account for 98% of the biomass produced by phytoplankton (Sorokin et al.,
2004). That is why it can be responsible for the flow of energy to higher trophic levels. Despite
such a large role of this group in marine ecosystems, information on phytoplankton physiology
is limited and needs further investigation. Their role is even greater due to the fact that some
species produce toxic substances and form massive blooms that are potentially dangerous for
the functioning of marine ecosystems (Sliwinska-Wilczewska et al., 2018). In this study, we
investigated the allelopathic effect of three strains of picocyanobacteria Synechococcus sp. BA-
120, BA-124 and BA-132 on filamentous cyanobacterium Nostoc sp., diatom Amphora
coffeaeformis (C.Agardh) Kutzing and green alga Chlorella sp. Furthermore, the influence of
picocyanobacteria was examined by adding the cell-free filtrate of Synechococcus strains BA-
120, BA-124 and BA-132 to studied species.

Material and Methods

The experiments were conducted on the three strains of the picocyanobacteria Synechococcus
sp. BA-120, BA-124 and BA-132 and filamentous cyanobacterium: Nostoc sp. (BA-81),
diatom: Amphora coffeaeformis (BA-16) and green alga: Chlorella sp. (BA-167) (Figs. 1, 2).
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The strains were isolated from the coastal zone of the Gulf of Gdansk (southern Baltic Sea) and
are maintained as monocultures in the Culture Collection of Baltic Algae (CCBA) at the
Institute of Oceanography, University of Gdansk, Poland (Latata et al., 2006). The tests on the
‘batch cultures’ were carried out in 25 mL glass Erlenmeyer flasks containing 20 mL sterilised
f/2 medium (Guillard, 1975). The media were prepared from Baltic water with a salinity of 8
psu, which was filtered through Whatman GF/C glass fiber filters, and autoclaved. Analysed
organisms were grown 7 days in constant conditions of 18°C and 8 psu, under a 16:8 h light :
dark cycle at irradiance of 10 pmol photons (PAR) m2 st and this were the control treatment
conditions. Fluorescent lamps (Cool White 40W, Sylvania, USA) were used as source of
irradiance.

The intensity of PAR was measured using a LI-COR quantum-meter with a cosine collector.
The donor and target organisms were acclimated to these culture condition for 7 days;
afterwards, actively growing cultures were used for the establishment of the allelopathic
experiment.

-

Fig 1 Baltic Synechococcus strains of picocyanobacteria used in this study: A —BA-120, B - BA-124 and C — BA-
132; scale bars = 10 um

is BA-

16 and C — Chlorella sp. BA-167; scale bars = 10 um

Allelopathic interactions in monocultures were determined by using the modified method
proposed by Suikkanen et al. (2004). Allelopathic interaction was studied by adding the
individual filtrate obtained from picocyanobacterial cultures of Synechococcus sp. BA-120,
BA-124 and BA-132 to tested filamentous cyanobacterium, diatom and green alga. The cultures
of picocyanobacteria were filtered through 0.45-um pore size Macherey-Nagel MN GF-5
filters. In all experiments, the ratio of picocyanobacterium to target species in Erlenmeyer flasks
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was adjusted to 1:1 based on the Chl a content (final Chl a concentration in the experimental
cultures was 0.4 pg chl amL™).

The cell-free filtrate (V = 10 mL) was added to 25 mL Erlenmeyer flasks containing the tested
species (V = 10 mL). Control samples were prepared by adding mineral medium /2 with a
volume equal to the added cell-free filtrate. Tests were conducted in triplicate and all analyzed
species were obtained from early exponential growth phase.

The number of cells (N) in cultures was estimated with previously determined linear
correlations between cell abundance (N mL?) and optical density (OD). N was counted using
the BD Accuri ™ C6 Plus flow cytometer following a procedure according to Marie et al.
(2005) or using a Biirker chamber (48 squares per count) and light microscope (LM) following
a procedure according to Guillard and Sieracki (2005) and the OD was measured
spectrophotometrically at 750 nm with a Multiskan GO UV-VIS spectrophotometer (Thermo
Scientific, Massachusetts, USA). The linear correlation between N and OD for Synechococcus
sp. BA-120, BA-124, BA-132 as y = 4.2-10% - 3.6-10%, (r? = 0.97); y = 93.0-10°x — 9.8-10%,
(r>=0.99); y = 139.1-10% — 4.4-10%, (r? = 0.99), respectively. The linear correlation between
N and OD for target species; Nostoc sp. (BA-81), A. coffeaeformis (BA-16) and Chlorella sp.
(BA-167) asy =39.9-10%x - 1.2-10%, (r>=0.95); y = 4.4-10%x — 1.6-10%, (r>=0.98); y =3.7-10%
— 27.4-10% (r? = 0.93), respectively, where y = N (mL?) and x = OD. Cell counts and OD
measurements were performed on the 0™ (1h), 1%, 3" and 7" days of experiment and controls.

Chlorophyll a fluorescence was measured with a Pulse Amplitude Modulation (PAM)
fluorometer (FMS1, Hansatech), using a 594 nm amber modulating beam with a 4-step
frequency control as a measuring light. Samples were taken for chlorophyll fluorescence
analysis after the 1st, 3" and 7" days of experiment. Samples were filtered through 13-mm
glass fiber filters (Whatman GF/C). Before measurement, the filtered sample was kept in the
dark for approximately 15 min. The maximum PSII quantum efficiency (Fv/Fm) was calculated
(Campbell et al., 1998).

Chlorophyll a and carotenoid pigments was measured 7™ day of experiment. In the experiment
extraction of the material (4 mL) was carried out in experimental flasks in 2 mL of 90% acetone
in the dark and at a low temperature of -60°C for about 1 hour. After this time, the extract was
centrifuged for 1 min. at 13,000 rpm min~t. Absorbance measurements were then carried out in
1 cm glass cuvettes on a Beckman spectrophotometer model DU 530 at wavelengths (nm): 480,
665 and 750. For the determination of chlorophyll a and carotenoid pigments formula as
described by Strickland and Parsons (1972):

Chlorophyll a (ng mL™) = 11.236-(Asss — A7s0)-Va/Vb
and

Carotenoids (ug mL™) = 4-(Asso — Ars0)-Val Vb,

where: Va — volume of extract (mL); Vi, — volume of the filtered material (mL); An —absorption
at a specific wavelength (n) in nm.

Repeated measures ANOVA was used to test the effect of Synechococcus strains on the growth
and fluorescence of the targeted species during the following days of experiment. A post-hoc
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Tukey’s test was used to determine significant differences between the control and the other
treatment levels What is more, one-way ANOVA was used to test the effect of
picocyanobacterial filtrates on the chlorophyll a and carotenoid pigments in control and
experimental cultures on the seventh day of the experiment. Data are reported as mean *
standard deviation (SD). Levels of significance were: * p < 0.05; ** p < 0.01; *** p < 0.001.
The statistical analyses were performed using the Statistica® 13.1 software.

Results

The effect of the cell-free filtrate addition obtained from individual Synechococcus strains BA-
120, BA-124 and BA-132 cultures on the growth of analysed target species Nostoc sp. (BA-
81), Amphora coffeaeformis (BA-16) and Chlorella sp. (BA-167) after 0 (h), 1, 3 and 7 days of
exposition to the filtrates are shown in Fig 3. The results showed that addition of cell-free filtrate
from Synechococcus strains BA-120, BA-124 and BA-132 decreased after the 7" day of
exposition the number of cells of Nostoc sp. (ANOVA, Fg.22=283.1; p <0.001), A. coffeaeformis
(ANOVA, F9.3=39.1; p <0.001) and Chlorella sp. (ANOVA, F932=38.5; p < 0.001) compared
to control. After the 7" day of the experiment for a filtrate addition of Synechococcus strains
BA-120, BA-124 and BA-132 growth of Nostoc sp. decreased constituted 31% (Tukey HSD, p
< 0.001), 34% (Tukey HSD, p < 0.001) and 33% (Tukey HSD, p < 0.001) respectively
compared to control. In addition, it was observed that the cell-free filtrate obtained from three
strains of Synechococcus sp. BA-120, BA-124 and BA-132 decreased the number of cells of A.
coffeaeformis constituted: 36% (Tukey HSD, p < 0.001), 57% (Tukey HSD, p < 0.001) and
29% (Tukey HSD, p < 0.001) respectively. What is more, filtrate addition of mentioned strains
decreased growth of Chlorella sp. and constituted: 75% (Tukey HSD, p < 0.001), 67% (Tukey
HSD, p < 0.001) and 63% (Tukey HSD, p < 0.001) respectively compared to control.
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Fig 3 The effect of the addition of cell-free filtrate from Synechococcus strains BA-120, BA-124 and BA-132
cultures (referred as: 120, 124 and 132, respectively) on the number of cells (N 106 mL) of Nostoc sp. — A, Amphora
coffeaeformis — B and Chlorella sp. — C, after 0", 1%, 3@ and 7" day of exposition, expressed as a number of cells
(N); the values refer to means (n = 3, mean + SD); asterisk indicates significant difference compared with control
*p <0.05; ** p<0.01; ***p<0.001

The effect of the addition of cell-free filtrate from three strains of Synechococcus on the
fluorescence parameters Fu/Fm of analysed species after 1%, 3@ and 7" day of exposition is
showed in Fig 4 The study demonstrated that the addition of cell-free filtrate obtained from
Synechococcus sp.: BA-120, BA-124 and BA-132 significantly affected the F./Fm parameter of
Nostoc sp. (ANOVA, Fs24=11.7; p < 0.001). It was noted that the strongest influence on the
Fu/Fm value was caused by filtrate obtained from Synechococcus sp. BA-132 after 1%, 3" and
7" day of exposition and constituted: 21% (Tukey HSD, p < 0.001), 18% (Tukey HSD, p <
0.001) and 29% (Tukey HSD, p < 0.001), respectively compared to control. What is more also
filtrate obtained from Synechococcus sp. BA-120 and BA-124 caused a significant changes of
the Fu/Fm value, after 1% day of exposition constituted: 44% (Tukey HSD, p < 0.001) and 24%
(Tukey HSD, p < 0.001), 3" day of exposition constituted: 52% (Tukey HSD, p < 0.001) and
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25% (Tukey HSD, p < 0.001) and 7™ day of exposition constituted: 43% (Tukey HSD, p <
0.001) and 27% (Tukey HSD, p < 0.001), respectively compared to control.

Based on the results, it was found that the filtrate obtained from Synechococcus strains BA-
120, BA-124 and BA-132 also caused significant changes of the Fv/Fm value of A.
coffeaeformis (ANOVA, Fs24=4.0; p < 0.01). After 3" day of exposition the strongest influence
on the fluorescence parameter F./Fmn was caused by filtrate obtained from Synechococcus strain
BA-124 and constituted 47% (Tukey HSD, p < 0.001). What is more after 3" day of exposition
also Synechococcus strains BA-120 and BA-132 had strong influence on F./Fm parameter and
constituted 53% (Tukey HSD, p < 0.001) and 57% (Tukey HSD, p < 0.001) respectively.
However it was noted that after 7" day of exposition the strongest influence on F./Fm parameter
was caused by filtrate obtained from Synechococcus strain BA-132 and constituted 64% (Tukey
HSD, p < 0.001) compared to control. The study showed that also the addition of the filtrate
obtained from Synechococcus strain BA-124 significantly changed value of Fv/Fm parameter
and constituted 67% (Tukey HSD, p < 0.01) compared to control.

The study showed that the addition of cell-free filtrate obtained from Synechococcus strains
BA-120, BA-124 and BA-132 also significantly affected the Fv/Fm of Chlorella sp. (ANOVA,
Fe6.24=359.0; p < 0.001). It was noted that the strongest influence on the F/Fm value was caused
by filtrate obtained from Synechococcus strain BA-120 after 1% day of exposition and
constituted 88% (Tukey HSD, p < 0.001) compared to control. On that day also Synechococcus
strains BA-124 and BA-132 had strong influence on F./Fm parameter and constituted 90%
(Tukey HSD, p < 0.001) and 91% (Tukey HSD, p < 0.001) respectively. However after 3 and
7" days of exposition the strongest influence on the F./Frm value was caused by Synechococcus
strain BA-132 and constituted 94% (Tukey HSD, p < 0.001) and 84% (Tukey HSD, p < 0.001)
respectively compared to control. What is more also Synechococcus strains BA-120 and BA-
124 had considerable influence on F./Fm parameter and after 3™ day of exposition constituted:
99% (Tukey HSD, p < 0.01), 94% (Tukey HSD, p < 0.001) and after 7" day of exposition
constituted 95% (Tukey HSD, p < 0.001), 87% (Tukey HSD, p < 0.001), respectively compared
to control.
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Fig 4 The effect of the addition of cell-free filtrate from Synechococcus strains BA-120, BA-124 and BA-132
cultures (referred as: 120, 124 and 132, respectively) on the fluorescence parameters (F./Fn) of Nostoc sp. — A,
Amphora coffeaeformis — B and Chlorella sp. — C after 1%, 3 and 7" day of exposition; the values refer to means
(n =3, mean + SD); asterisk indicates significant difference compared with control * p < 0.05; ** p <0.01; *** p
< 0.001

The effect of the addition of cell-free filtrate from three Synechococcus strains BA-120,
BA-124 and BA-132 on the Chl a and Car contents of analyzed species after 7" day of
exposition is showed in figure 5. The results showed that addition of cell-free filtrate from
Synechococcus strains BA-120, BA-124 and BA-132 decreased the content of Chl a in Nostoc
sp. and constituted 47% (one-way ANOVA, p < 0.05), 30% (one-way ANOVA, p < 0.05) and
17% (one-way ANOVA, p < 0.05), respectively compared to control. What is more, filtrate
from Synechococcus strains BA-120, BA-124 and BA-132 decreased the Car content which
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constituted 68% (one-way ANOVA, p < 0.05), 45% (one-way ANOVA, p < 0.01) and 31%
(one-way ANOVA, p < 0.01), respectively.
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Fig 5 The effect of the addition of cell-free filtrate from Synechococcus strains BA-120, BA-124 and BA-132
cultures (referred as: 120, 124 and 132, respectively) on the chlorophyll a (Chl a) and carotenoid (Car) pigments
content (pg cell™) of Nostoc sp. — A, Amphora coffeaeformis — B and Chlorella sp. — C, after 7" day of exposition;
the values refer to means (n = 3, mean * SD); asterisk indicates significant difference compared with control * p
<0.05; **p <0.01; ***p <0.001

It was noted that the addition of cell-free filtrate from three Synechococcus strains BA-120,
BA-124 and BA-132 caused significant changes in the Chl a content in A. coffeaeformis and

26



ACTA UNIVERSITATIS MATTHIAE BELII series Environmental management, Vol. XX., No. 1, 2018

constituted 6% (one-way ANOVA, p < 0.001), 19% (one-way ANOVA, p < 0.001) and 24%
(one-way ANOVA, p < 0.01), respectively. Furthermore addition of filtrate from
Synechococcus strains BA-120, BA-124 and BA-132 decreased the Car content and constituted
31% one-way ANOVA, p < 0.001), 25% (one-way ANOVA, p < 0.001) and 21% (one-way
ANOVA, p <0.001) respectively compared to control.

Based on the results, it was found that the filtrate obtained from Synechococcus strains BA-
120, BA-124 and BA-132 also caused significant changes of the Chl a content in Chlorella sp.
and constituted 78% (one-way ANOVA, p < 0.001), 76 % (one-way ANOVA, p < 0.001) and
60% (one-way ANOVA, p < 0.001), respectively. However, it was found that the filtrate from
Synechococcus strains BA-120, BA-124 and BA-132 did not statistically affect Car content in
Chlorella sp. (one-way ANOVA, p > 0.05).

The results showed that addition of cell-free filtrate from Synechococcus strains BA-120, BA-
124 and BA-132 decreased the number of cells as well as the chlorophyll fluorescence, Chl a
and Car contents of Nostoc sp., A. coffeaeformis and Chlorella sp. Thus, results of this
experiment may provide further information about allelopathic interactions between
picocyanobacteria and other co-existing phytoplankton species in the Baltic Sea.

Discussion

The allelopathic compounds secreted to the environment by the donor organism can influence
the co-occurring organisms in various ways (Granéli and Hansen, 2006). The vast majority of
allelopathic compounds produced by cyanobacteria and microalgae affect mainly the
physiology of exposed organisms by inhibiting the growth of cells and the activity of
photosynthesis (Maxwell, 2000; Leflaive and Ten-Hage, 2007; Machado et al., 2015). Due to
an important role of allelopathy in marine environment the main aim of this work was to
investigate the allelopathic effect of picocyanobacteria Synechococcus strains BA-120, BA-124
and BA-132 on growth, fluorescence parameters and pigments content of Nostoc sp., Amphora
coffeaeformis and Chlorella sp.

Only few literature data described the allelopathic effect of cyanobacteria on coexisting
phytoplankton species in the Baltic Sea. More detailed data on allelopathic effects of Baltic
cyanobacteria on diatoms were presented by Suikkanen et al. (2004). These studies
demonstrated the allelopathic effect of Nodularia spumigena, Anabena lemmermannii and
Aphanizomenon flos-aquae (L.) Ralfs ex Born. et Flath. on the diatom Thalassiosira weissflogii
(Grunow) G.Fryxell & Hasle. Research showed that after a single addition of the filtrate, on the
first day of the experiment, all these three cyanobacteria had generally negative effect on the
tested species. Furthermore, allelopathic interactions of Synechococcus sp. on Baltic diatom
Navicula perminuta Grunow was examined by Sliwiniska-Wilczewska et al. (2016). As a result
of this work it was noted that addition of the cell-free filtrate obtained from the
picocyanobacterium Synechococcus sp. had a significant inhibitory effect on coexisting target
species which may explain the formation of dense picocyanobacterial blooms during the
summer period. Moreover, in studies carried out by Sliwinska-Wilczewska et al. (2017),
chlorophyll fluorescence as well as photosynthetic pigments inhibition has been demonstrated
after filtrate addition obtained from picocyanobacterium Synechococcus sp. The study showed
that the addition of cell-free filtrate obtained from Synechococcus sp. had significant effects on
the values of the Fv/Fm of A. flos-aquae and Phormidium sp. What is more, it was noted that the
addition of filtrate inhibits chlorophyll a and carotenoid contents of Phormidium sp. and
Rivularia sp. Some authors noted that changes in both pigments content and chlorophyll
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fluorescence indicates the activity of the cells defense mechanism and response to stress factors
(Machado et al., 2015; Sliwinska-Wilczewska et al., 2017).

Despite the great ecological importance of Synechococcus sp. knowledge about their harmful
effects on other organisms is still limited. Nevertheless, conducted studies show that
picocyanobacteria Synechococcus sp. affects respiration rate and can cause balance disorders
of invertebrate (Martins et al.,, 2008). What is more, recent work suggests that
picocyanobacteria form the genus Synechococcus also contribute to behavioral changes and
locomotive disorders in vertebrates. Studies conducted on fish Embiotoca jacksoni Agassiz
indicated that organisms exposed to direct contact with mentioned picocyanobacteria were
characterised by reduced mobility, moving much slower and spending more time immobile. It
Is suggested that such changes may be the result of harmful substances that are absorbed by the
gills and then disrupting the functioning of the nervous system (Hamilton et al., 2014). In
addition, previous studies carried out on cyanobacteria isolated from Portugal showed that
Synechococcus sp. produced toxic substances affecting mammals, marine invertebrates, as well
as causing inhibition of growth in Gram-positive bacteria and cytotoxicity in human cell lines
(Martins et al., 2007, 2008; Selheim et al., 2005). Synechococcus sp. have been rarely studied
with respect to their potential as producers of allelochemicals because most of previous works
have assumed a lack of toxin production by these picocyanobacteria. However, Synechococcus
sp. belong to the organisms that produce wide range of secondary metabolites, like
microcystins, S-N-methylamino-L-alanine, 2-methylisoborneol, geosmin, thionsulfolipid and
lipopolysaccharides (Sliwinska-Wilczewska et al., 2018).

Inhibition of the growth of some cyanobacteria and microalgae under the influence of
substances secreted by co-existing picocyanobacteria in the natural environment may lead to
the dominance of some species which, may result in a change in the natural structure of the
phytoplankton community, for example during the summer in the Baltic Sea (Suikkanen et al.,
2004; 2008). Despite the relatively large number of studies performed to this day, the
mechanisms of allelopathic compounds and their chemical composition are not fully
investigated and require further analysis because, as already mentioned, they are of great
importance for the functioning of aquatic ecosystems.
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Abstrakt: Cielom pokusu bolo vyhodnotit’ vplyv mykoriznych pripravkov na vybrané agrochemické vlastnosti
pddy travnika. Experiment sa realizoval v teplych a suchych podmienkach lokality Nitra (Slovenska republika)
v rokoch 2011 — 2014. Hodnotili sa 4 varianty (1. bez mykorizneho pripravku, 2. mykorizny pripravok Turfcomp,
3. mykorizny pripravok Symbivit, 4. mykorizny pripravok Conavit). V prispevku sa sledoval celkovy dusik (Ny),
oxidovatel'ny uhlik (Cox), pomer oxidovate'ného uhlika ku celkovému dusiku (Cox : Ni) a pH v pdde. Na konci
hodnoteného obdobia sme po aplikacii mykoriznych pripravkov zaznamenali zniZzenie obsahu dusika v pode.
Naopak aplikované mykorizne pripravky v pdde mali za nasledok zvySenie mnozstva oxidovatel'ného uhlika a tiez
jeho pomer k dusiku. Taktiez ich pouzitie malo za nasledok mierne zvysenie hodnot pH v pode.

KPicéové slova: Travnik, mykorizne pripravky, poda

Abstract: The aim of this experiment was to evaluate the influence of mycorrhizal preparations on selected
agrochemical properties of turf soils. The experiment was carried out in warm and dry conditions in area of Nitra
(Slovak republic) in 2011 — 2014 and consisted of 4 treatments (1. without mycorrhizal preparation, 2. mycorrhizal
preparation Turfcomp, 3. mycorrhizal preparation Symbivit, 4. mycorrhizal preparation Conavit). In the
experiment was watched total nitrogen (N.), oxidizable carbon (Coy), ratio of oxidizable carbon to total nitrogen
(Cox : Np) and pH in soil. After the application of mycorrhizal preparations we observed a decrease in the total
nitrogen content of the soil at the end of the evaluated period. Conversely, applied mycorrhizal preparations in the
soil resulted in an increase in the amount of oxidizable carbon and as well as its ratio to nitrogen. Also their use
resulted in a slight increase in pH values in the soil.

Key words: Turf, mycorrhizal preparations, soil
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Uvod

Travnik zastava v krajine nezastupitel'na tlohu. PIni mnoho funkcii ako napriklad estetick,
zdravotno-hygienicka, podoochranni, vodoochrannu, Sportovo-rekreacénu, krajinotvorna
a pod. (Hric, 2017). Taktiez je tradi¢ny vegetany prvok v urbannej a rekreacnej krajine. Je
sucastou zelene ama nezastupitelny vyznam v zivotnom prostredi cloveka (Tomaskin
a Tomaskinova, 2012).

Rastlinné druhy travnikov vytvaraji symbioticky vztah s mykoriznymi hubami. Mykorizne
huby st organizmy zijice pod vplyvom prostredia. VSetky jeho zavazné zmeny vplyvaju
na stav a ¢innost’ tychto hub. Moézeme teda povedat, Ze su pravdepodobne i odrazom stavu
zivotného prostredia (Schwantes, 1996). Podl'a Schmida et al. (2008) mykoriza je symbioza
medzi rastlinami a hubami, pricom viac ako 80% rastlin sa vyvija s podnymi hubami v zlozitom
spolo¢enstve. Huby poskytujti koretiom rastlin vodu a ziviny a naopak, huby prijimaju glukozu
ako produkt fotosyntézy. Hyfy tychto hib dorastaju do vicsich dizok, a tym dokazu prijimat
ziviny aj z hlbsich profilov pody.

Pédy su individudlne jednotky pbdneho pokryvu a taktiez s variabilné polychronne
a polygenetické utvary. Su vysledkom dlhodobého vyvoja a genézy. Pocas tohto vyvoja
nadobudli ur¢ité znaky a vlastnosti, ktoré su pre konkrétne pbdy viac alebo menej
charakteristické, pricom tento ich ,prirodzeny* vyvoj stale prebieha. Tieto vlastnosti
st hlavnymi atributmi pddnej drodnosti (Kobza, 2016).

Gregorova (2009) wuvadza, ze obsah zivin v pbde pdsobi na travnikovy porast
cez ovplyvilovanie konkurenénej schopnosti druhov, podporovanie odnozovania trav, a tym
zahustovania travnika (N), cez podporovanie rastu koretiov trav (P), cez intenzitu sfarbenia
(N).

Ciel'om vedecko-vyskumnej prace bolo vyhodnotit’ vplyv mykoriznych pripravkov na vybrané
agrochemické vlastnosti pddy travnika.

Metodika

Travnikovy pokus sa realizoval v Demonstraénej avyskumnej baze Katedry travnych
ekosystémov a kimnych plodin v areali Slovenskej polnohospodarskej univerzity v Nitre
v rokoch 2011 az 2014. Pokusna plocha sa nachddza v miernom klimatickom pasme teplej
a suchej oblasti. Priemerna ro¢na teplota dosahuje 9,7 °C a priemerny ro¢ny thrn zrazok je 561
mm (BabosSova a Noskovic, 2014).

Podnym typom je ilovito-hlinita fluvizem. Agrochemické vlastnosti pédy pokusného
stanovista pred zaloZenim porastu uvadzame v tabulke 1.

Tab 1 Agrochemické vlastnosti pody pokusného stanovista
Tab 1 Agrochemical properties of soil on the experimental site

Ny | P | K | Mg | Ca Cox
mg.kg? g.kg? PH
18232 | 58,3 | 336 | 541 | 6 067 7,7 6,78

Experimentalna plocha bola zaloZzend 4. oktobra 2011. Pouzila sa mieSanka urcend pre
zakladanie nizkych pomaly rastiicich nezatazovanych travnikov obsahujuca Lolium perenne L.
(30%), Festuca rubra L. (50%) a Festuca ovina L. (20%). Vysev sa realizoval ru¢ne. Vel'kost
kazdej parcelky (variantu) bola 2.4 m? (1,2 x 2 m), ktora sa realizovala v 3 opakovaniach. Pri
zakladani porastu bolo pouzité hnojivo ,,Starter NPK 20-20-8 (25 g.m™2) Experiment sa
realizoval v bezzavlahovych podmienkach.
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V pokuse sa sledovali 4 varianty:

1. variant — bez aplikacie mykoriznych pripravkov (v texte ,,kontrola‘),
2. variant — zabezpeCenie vyzivy pomocou mykorizneho pripravku Turfcomp (v texte

,, Lurfcomp),

3. variant — zabezpecenie vyzivy pomocou mykorizneho pripravku Symbivit (v texte
»Symbivit®),

4. variant — zabezpeCenie vyzivy pomocou mykorizneho pripravku Conavit (v texte
,Conavit®).

Charakteristika pouzitych mykoriznych pripravkov:

—  Turfcomp: pripravok umoznuje dlhodobu ochranu travnikov a pddy pri zachovani nizkych
nédkladov. Travny kondicionér s prospesnymi mykoriznymi hubami zlozeny z prirodnych
ilovitych nosi¢ov, 6 druhov mykoriznych hub, prirodnych zloziek podporujucich mykorizu
(humaty, mleté horniny, vytazky z morskych organizmov), biologicky rozloziteI'nych
polyakrylamidovych granul, sapropel (biologicky sediment). Obsahuje 1,3 % N, 0,6 % P,
3%K,1%Mg,28%Caa08%S.

— Symbivit: obsahuje mykorizne huby, ktorych vldkna podhubia v podstate rozsiruju
koreniovy systém rastlin, ¢im su rastliny odolnejsie voci suchu alebo korenovym skodcom.
ZlepSuje zaloZenie travnikov a Sportovych travnatych ploch. Je zalozeny na baze
endomykoriznych hub. Obsahuje prirodné ilové nosice, 6 druhov mykoriznych hub,
prirodné latky podporujiice mykorizu (humaty, mleté horniny, vytazky z morskych
organizmov, biologicky rozlozite'ny polyakrylamid.

—  Conavit: kompletné prirodné hnojivo s dlhodobym u¢inkom. Uvoltiuje ziviny pomaly
a postupne. Podporuje rastliny po celi vegetaénli sezénu a nemoze byt vyplaveny vodou
ako iné rozpustné hnojiva. Funguje najlepSie v spojeni s mykoriznymi produktami.
Mykorizne huby z neho G¢inne ziskavaji ulozené Ziviny a poskytuju ich rastline. Obsahuje
keratin, prirodné humaty, mleté horniny (zeolit, serpentinit, apatit)a5% N, 6 % P, 4 % K,
2% Mg, 2% S a 4% Ca.

Mykorizne pripravky sa aplikovali pred zalozenim porastu vo vyrobcom odporucanej davke

360 g na variant.

Na jeseti pred zalozenim pokusu sme odobrali vzorky pédy z pokusného stanovista z hibky 0

— 0,2 m anasledne sa pdda odoberala pddnou sondou z parceliek (z kazdého opakovania 1

vzorka) jedenkrat rocne — na jesenl. Vzorky sa po vysuSeni zomleli a zmieSali za kazdy variant

jednotlivo. Z takto pripravenej hmoty sa odobrali priemerné vzorky na chemické analyzy. Zo
vzoriek sa stanovoval:

- Nt—metddou podla Kjeldahla,
- Cox— podra Tjurina v modifikacii Nikitina,
- pH-—vymenné v KCI.

Vysledky a diskusia

Dusik je jednym z hlavnych urodotvornych prvkov, od neho zavisi nielen mnozstvo produkcie,
ale aj jej kvalita (Javorekova a kol., 2008; Ondrisik, 2013). Korene trav rychlo prijimajd dusik
z podneho roztoku a mobilizuje ho aj bohata rizosférna mikroflora trav, ktorej existencia je
zabezpe&end znaénym mnozstvom korefiovej hmoty a korefiovych exsudatov (Ulehlova, 1972;
Kopcanova, 1976). Celkovy obsah dusika (Nt) v pode sledovaného travnika je uvedeny na
Obr 1. Pred zalozenim pokusu (jesent 2011) bola zistena jeho koncentracia od 1585,0 (kontrola)
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do 2054,0 mg.kg™ (Conavit). V roku 2012 sa obsah N; v pode zvysil. Najvyraznejsi vzostup bol
zaznamenany po aplikécii mykorizneho pripravku Turfcomp (o 485,8 mg.kg?). V d’alsom roku
(2013) sa obsah Nt zvysil len na kontrole. Na ostatnych variantoch koncentracia Nt klesala, resp.
ostala nezmenena. V roku 2014 nasledoval pokles obsahu dusika na vSetkych variantoch. Poc¢as
celého trvania pokusu boli v§ak hodnoty dusika v péde v rozmedzi od 1585,0 do 2305,8 mg.kg
! Sotakova (1982) a Bielek (1998) tak(to zasobu N; v pdde povazuju za ,,nizku* az ,,dobri*.

2100 -
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E 700
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Obr 1 Obsah dusika (N ) v pode (mg.kg?*) v rokoch 2011 — 2014
Fig 1 The content of nitrogen (N ) in soil (mg.kg™?) in 2011 — 2014

Neoddelitelnou stcast'ou pod je organicky podiel, ktory vyrazne ovplyvituje podotvorny proces
a formovanie pddnych vlastnosti. Obsah organickej hmoty v pdde sa vyjadruje pomocou
celkového oxidovate'ného uhlika (Cox) (Fecenko a Lozek, 2000). Zo vzoriek ziskanych pred
zalozenim pokusu bol zisteny ,,stredny“ obsah oxidovate'ného uhlika (Fiala, 1995; Sanka
a Materna, 2004) v rozpiti od 15,8 (kontrola) do 17,1 g.kg™* (Conavit) (Obr 2). V roku 2012 bol
pozorovany vzostup hodnét Cox iba na kontrolnom variante (o 4,1 g.kg™). V nasledujiicom roku
sa hodnoty oxidovatelného uhlika zvysili na vSetkych variantoch s vynimkou kontroly.
V poslednom roku hodnotenia sme pozorovali narast obsahu celkového oxidovatel'né¢ho uhlika
na vSetkych variantoch.
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Obr 2 Obsah Cox v pode (g.kg™) v rokoch 2011 — 2014
Fig 2 The content of Cox in soil (g.kg™?) in 2011 — 2014

Obsah organického uhlika je dolezity indikéator pddnej kvality (Barancikova, 2001). Pomer
Cox : Nt je ukazovatelom kvality podnej organickej hmoty. Uz§i pomer (< 10) spravidla

34



ACTA UNIVERSITATIS MATTHIAE BELII series Environmental management, Vol. XX., No. 1, 2018

znamena vyS$$iu kvalitu humusu a $ir$i (> 10) niz8iu kvalitu (Fiala a Krhovjakova, 2009). Tento
pomer je limitujucim faktorom rychlosti mineralizicie organickej hmoty a uvolfiovania COz
do atmosféry (Simek, 2004). Pred zaloZenim pokusu bol pomer Cox : Nt vV rozmedzi od 8,33
(Conavit) do 9,97 (kontrola) (obrdzok 3). Sotadkova (1982) a Bielek (1998) hodnotia takyto stav
ako ,,dobry“, resp. dobra kvalitu humusu. V nasledujidcom roku sme zaznamenali mierny
pokles pomeru Cox : Nt. V roku 2013 bol zisteny mierny vzostup hodnét pomeru Cox : Ntokrem
p6dy na kontrole. V poslednom hodnotenom roku (2014) sme zaznamenali narast tohto pomeru
na sledovanych variantoch.

15
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5 .
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2011 2012 2013 2014
rok
OKontrola @Turfcomp @Symbivit B Conavit

Obr 3 Hodnota pomeru Cox : Nt v rokoch 2011 — 2014
Fig 3 The value of ratio Cox: Nt in 2011 — 2014

Podna reakcia vyznamne ovplyviiuje vlastnosti pod. Je limitujicim faktorom rozpustnosti latok,
dostupnosti zivin, Struktiry pody a pod. (Pessarakli, 2007; Javorekova a kol., 2008). Je to faktor
urCujici stav rodnosti ajeho turoven, resp. hladina determinuje dostupnost vaésiny
esencidlnych prvkov pre rastliny a ich nasledny rast (Benton, 2012). Pred zaloZzenim pokusu
boli hodnoty pH v rozmedzi od 6,77 (Conavit) do 6,92 (kontrola) (Obr 4). Tieto hodnoty pddnej
reakcie mozeme definovat’ ako ,,neutralne” (Richter a Hlusek, 2003). Ducsay et al. (2014)
zistovali v rokoch 2006 — 2011 pH pol'nohospodarskych pdd na Slovensku. Meranim dospeli
Kk zaveru, ze najvysSie percento pod (35,19 %) ma pH v rozpati 5,6 — 6,5. V druhom roku sa
hodnoty pH mierne zvysili na kontrole a na variante oSetrenom Symbivitom. V roku 2013 sme
nezistili medzi variantmi vyraznej$ie rozdiely. Takmer na vSetkych pddach mierne klesla
hodnota pH. Vynimkou bol variant po aplikéacii Conavitu. V roku 2014 nastal mierny narast
hodnét pH vo vsetkych podach. Shabala (2012) uvadza, Ze vicsina rastlin vyZaduje pre svoj
optimélny rast avyvoj neutralnu pbédnu reakciu, t.j.vrozmedzi pH 6,5 — 7,2, svicSou
¢i menSou toleranciou rastlin presahujucu tieto krajné hodnoty 0 0,4 pH. V naSom pokuse dané
rozpétie nebolo prekroéené. Ondiej a Opatrna (1997), Gregorova a Maly (2002), Jan¢ovi¢ et al.
(2003 a 2005), Svobodova (2004), Hrabé et al. (2007), Pessarakli (2007), Gregorova (2009) a
Cagas (2012) tvrdia, Ze travy mozno pestovat v Sirokom rozpati pH 4,5 — 7,5, iked
najvhodnejsia je slabo kysla reakcia (pH 5,5 — 6,5).
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Obr 4 Hodnoty pH v p6de v rokoch 2011 — 2014
Fig 4 The values of pH in 2011 — 2014

Zaver

Z uvedenych vysledkov moézeme konstatovat, ze na konci hodnoteného obdobia malo pouzitie
mykoriznych pripravkov pozitivny u¢inok na zvySenie obsahu oxidovate'ného uhlika a jeho
pomeru k celkovému dusiku v pode. TaktieZ ich aplikacia mala za nasledok mierne zvySenie
hodnét pH pddy. Pouzitim mykoriznych pripravkov nebolo zaznamenané zvySenie
koncentrécie celkového dusika v pdde na konci sledovaného obdobia. Medzi jednotlivymi
mykoriznymi pripravkami sme nezaznamenali vyraznejSie rozdiely v ich pouziti na zmeny
hodnotenych parametrov pody. Takisto aj ich aplikaciou do pddy nebol zisteny vyraznejsi vplyv
na pddne ukazovatele v porovnani s kontrolnym variantom.
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Abstract: The Kab Amiri ultramafic ophiolitic section comprises highly serpentinites and pyroxenites. The Kab Amiri
ophiolite suite represents fragments of oceanic lithosphere that are developed in forearc setting in a supra-subduction
zone environment. The clinopyroxenes chemistry reflect the strong affinity of pyroxenitestoward the intra-oceanic
forearc boninites. Serpentinites have been most likely formed directly from mantle-wedge olivine above the slab in
which the fluids driven for the slab cause strong hydration and cooling of peridotites during an early stage of
serpentinization. Pyroxenites show a very close relation to the serpentinites, which reflect that both are co-genetic with
the rest of the mantle suite. Thus, the pyroxenites genesis is directly related to the contamination of their mantle source
by crustal material and/or subduction-related slab fluids during mantle evolution in supra subduction zone setting.

Key words: Neoproterozoic; ophiolites; forearc; Raman spectroscopy; Egypt
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Introduction

The Egyptian Neoproterozoic ophiolites (ENO) (e.g. Farahat et al., 2004; Stern et al., 2004) were
considered to be generated in mid-ocean ridges (e.g. Zimmer et al., 1995), or formed in a forearc
(e.g. Stern et al. 2004) or a back-arc setting (e.g. Farahat et al., 2004). The Kab Amiri district
(KAD), central Eastern Desert (CED), Egypt, was long known as a small Au mining district since
ancient times (Andras and Kharbish, 2014), which dates back to New ancient Egyptian
(Pharaonic) dynastic Kingdoms (2700 to 1070 BC) (Kharbish and Andras, 2014a, b). Despite the
work that has been done on the different rock units in the KAD, few detailed investigations on
the ENO in the KAD area, were performed. Thence, the present article goals to establish the
primary petrography and bulk-rock geochemistry of ENO in the KAD area. This study uncovered
a good model for the sophisticated geologic processes experienced by the Egyptian
Neoproterozoic ophiolitic rocks, notwithstanding the tricky task of eliciting information from
these complex rocks.

Geology and petrography

The KAD area is ~ 45 km far from Port Quseir in the CED of Egypt and lies within a region
(from oldest to youngest, Fig. 1a) of Neoproterozoic ophiolitic rocks and associated derivatives
that are emplaced in island arc, calc-alkaline volcano-sedimentary associations (Fig. 1b) and
metagabbro-diorite assemblages (older gabbros), which together with the ophiolitic suites were
later intruded by older granitoids and younger granites (Moghazi, 2002).

133°1 32' E 33°135'E
z ’ Wadi iy i
S Granites Kab Amiri "\,‘ :
>, 4 = Metavolcanics "\'\"
N Metasediments o "

B Serpentinites

.,

-4~ Faults

Fig 1 Geological map of G. Kharaza area Fig. 1. (a) Geological map of Kab Amiri area, Eastern Desert, Egypt and
(b) Contact between the serpentinites and the underlying volcano-sedimentary rocks.
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The KAD serpentinites (highly serpentinized peridotites) display a massive fine- to medium-
grained appearance and grayish to greenish colors. Petrographically, serpentinites compose
basically of fine- to medium-grained platy shreds and fibrous flakes antigorite, together with
primary chromian spinel and few amounts of secondary metamorphic minerals talc and chlorite.
The rocks commonly preserve pseudomorphic textures of serpentine after orthopyroxene (bastite
texture) that testify their harzburgite parentage. Subhedral shape spinel crystals (altered along
fractures and grain boundaries) exhibit three irregular optical zoning owing to their alteration
processes. Rarely chlorite grains occur as small aggregates in a serpentine matrix or as aureoles
around altered chromian spinel. Pockets or small elongated massive remnants are recorded within
the serpentinites that consist mainly of pyroxenites. The pyroxenites are predominantly composed
of clinopyroxene (diopside + rare augit) and orthopyroxene (enstatite), with antigorite and
subordinate amounts of metamorphic minerals (viz., tremolite, talc and chlorite).

Samples and experiments

Minerals compositions were obtained by the Cameca microbeam electron microprobe analyzer
(EMPA; Cameca SX 100), with 15 Kv accelerating voltage, 20 nA beam current, 1 um beam
diameter and a counting time of 10s. Representative 20 samples (10 serpentinites and 10
pyroxenites) from the KAD area have been analyzed for their major, and trace compositions.
Analyses were performed by the X-ray spectrometer Phillips PW 2400. Analytical precision was
better than 1% and 3% for major and trace elements, respectively.

Results

The MgO contents and LOI are much higher in serpentinites compared with those in pyroxenites;
whereas the higher values of CaO content occur in pyroxenites (Tab 1).
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The serpentinites plot in within the harzburgite field (Fig 2a), whereas the pyroxenites lie within
the olivine websterite field (Fig 2a). Both serpentinites and pyroxenites show depleted to highly
depleted trace elements patterns relative to the primitive mantle (Fig 2c). The great likeness
among the trace element patterns of the examined rocks indicate the genetic connection of
serpentinites and pyroxenites.

Tab 1 Whole rock major (wt.%), trace and rare-earth element (ppm) data of Kab Amiri district rocks.

Sel Se2 Se3 Se4 Seb Seb Se7 Se8 Se9 Sel0

Serpentinite (wt %0)
SiO2 41.62 40.25 38.85 37.62 39.52 40.61 38.65 39.52 40.36 40.05
TiO2 0.04 0.11 0.07 0.05 0.06 0.03 0.02 0.04 0.08 0.10
AlOs3 0.73 0.62 0.89 1.08 0.45 1.01 0.82 1.17 0.93 1.14
Fe203 8.36 8.11 7.06 9.02 8.75 9.64 8.72 7.95 9.73 8.95
MgO 40.23 39.36 42.15 39.12 37.58 38.56 39.36 41.23 39.75 38.95
MnO 0.12 0.34 0.26 0.11 0.15 0.14 0.13 0.37 0.24 .011
Ca0O 0.65 0.69 0.62 0.82 0.67 0.73 0.59 0.72 0.76 0.59
Na?O 0.05 0.07 0.03 0.05 0.03 0.20 0.07 0.05 0.09 0.11
K20 0.02 0.01 0.05 0.09 0.04 0.03 0.03 0.09 0.05 0.02
P20s 0.04 0.08 0.06 0.02 0.07 0.02 0.04 0.04 0.09 0.03
LOI 7.23 10.28 9.77 11.89 12.19 8.76 11.06 8.49 7.63 9.38
Total 99.09 99.92 99.81 99.87 99.51 99.73 99.49 99.67 99.71 99.43

Sel Se2 Seg Se4 Se5 Se6 Se7 Se8 Se9 Sel0
ppm
Ba 10 8 9 8 7 10 8 9 7 8
Cs 0.4 0.3 0.4 0.2 0.4 0.3 0.1 0.3 0.5 0.1
Nb 1 2 2 1 2 1 1 1 2 2
Pb 3 3 3 4 4 3 3 4 3 3
Rb 2 2 3] 2 1 2 2 1 2 2
Sr 58 57 51 38 49 28 33 51 57 54
Ta 2 3 3] 3 2 2 ) 2 3 2
Th 3 4 3] 3 4 3 ) 4 3 4
u 4 6 3 8 4 6 5 4 6 4
0.185 0.211 0.325 0.258 0.421 0.369 0.732 0.584 0.474 0.240
Zr 4.8 6.1 3.0 4.1 4.6 5.0 3.7 6.0 4.0 35
La 0.14 0.23 0.26 0.28 0.34 0.18 0.26 0.37 0.18 0.24
Ce 5 5 5 6 6 5 6 6 6 5
Pr 0.056 0.042 0.031 0.147 0.062 0.063 0.047 0.073 0.029 0.010
Nd 0.28 0.17 0.57 0.48 0.41 0.44 0.54 0.42 0.55

Sm 0.140 0.200 0.124 0.220 0.147 0.078 0.114 0.175 0.084 0.210
Eu 0.062 0.075 0.082 0.081 0.042 0.026 0.037 0.055 0.047 0.026
Dy 0.214 0.206 0.154 0.421 0.178 0.084 0.132 0.208 0.145 0.139
Yb 0.210 0.170 0.150 0.090 0.032 0.041 0.058 0.13 0.018 0.190
Lu 0.027 0.066 0.048 0.034 0.012 0.019 0.029 0.042 0.051 0.036
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Pel Pe2 Pe3 Pe4 Pe5 Pe6 Pe7 Pe8 Pe9 Pel0

Pyroxenite (wt %)
SiO2 4452 45.63 45.25 49.18 46.61 48.91 44.89 47.41 45.93 49.04
TiO2 0.14 0.01 0.19 0.11 0.05 0.04 0.17 0.06 0.12 0.08
Al203 0.99 1.59 1.73 0.93 1.51 1.27 1.31 1.19 1.18 1.18
Fe203 8.28 7.98 8.46 7.25 8.81 7.63 8.37 7.62 8.64 7.44
MgO 27.89 29.05 27.94 23.76 26.11 25.69 27.92 26.17 27.40 24.16
MnO 0.21 0.16 0.14 0.16 0.22 0.18 0.19 0.16 0.18 0.17
CaO 13.33 12.14 10.75 14.22 1351 12.25 12.04 13.18 12.13 13.23
Na?O 0.05 0.07 0.12 0.05 0.06 0.03 0.07 0.06 0.09 0.04

K20 0.02 0.01 0.04 0.02 0.07 0.03 0.03 0.02 0.06 0.03
P2Os 0.02 0.01 0.03 0.02 0.05 0.02 0.02 0.01 0.04 0.02
LOlI 3.79 3.02 452 3.94 2.54 3.77 4.24 3.48 3.94 3.86
Total 99.42 9967 9917 9964 9954  99.82 9925 99.36  99.71  99.25
Pel Pe2 Pe3 Pe4 Pe5 Pe6 Pe7 Pe8 Pe9 Pel0
ppm
Ba 14 10 27 25 26 48 10 37 45 76
Cs 0.2 0.4 0.3 0.4 0.2 0.4 0.3 0.2 0.5 0.4
Nb 2 2 4 4 4 2 2 2 3 2
Pb 4 6 8 5 4 11 11 8 9 6
Rb 2 2 2 2 6 11 7 8 6 5
Sr 13 14 13 19 105 184 116 9 210 173
Ta 3 3 3 3 3 3 6 4 3 4
Th 3 3 5 6 3 3 5 3 4 4
U 3 3 3 3 5 5 5 5 3 5
3 2 2 7 4 2 12 10 2 15
zr 22 24 35 52 68 25 33 24 64 73
La 5 18 22 11 6 8 9 9 11 20
Ce 8 13 6 19 31 16 6 21 14 24
Pr 0.28 0.34 0.18 0.26 0.37 0.18 0.24 0.27 0.23 0.26
Nd 0.47 0.28 0.17 0.57 0.48 0.18 0.34 0.21 0.74 0.57
Sm 0.05 0.04 0.05 0.07 0.05 0.04 0.01 0.03 0.04 0.07
Eu 0.03 0.02 0.01 0.03 0.03 0.03 0.04 0.01 0.02 0.02
Dy 0.12 0.11 0.10 0.14 0.12 0.11 0.14 0.08 0.12 0.17
Yb 0.09 0.09 0.10 0.10 0.20 0.20 0.10 0.10 0.20 0.09
Lu 0.02 0.01 0.02 0.01 0.06 0.03 0.05 0.04 0.04 0.01
Discussion

The chemistry of clinopyroxenes in pyroxenites reflect their strong affinity toward the intra-
oceanic forearc boninites (Fig 3a, b). The Al,O3 contents and the FeO/MgO ratio of the parental
melt and the empirical degree of partial melting (F) of the investigated chromian spinels in
serpentinites were computed using the equations of Maurel and Maurel (1982) and Hellebrand et
al., (2001), respectively. The obtained values of the parental melt Al.Oz3 (10.31 — 12.89 wt%),
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FeO/MgO (0.95 - 1.84) and F (19 - 22) are consistent with the composition of primary boninites
[Al,03 = 10.60-14.40 wt%, FeO/MgO = 0.70 — 1.40, (Wilson, 1989)] and the peridotites
recovered from forearcs (F = 20-25; Zanetti et al., 2006). Furthermore, the depletion in Nb
contents (Fig 2c) are similar to those in the forearc peridotites (Song et al., 2009).

One of the fundamental problems related to the study of serpentinites is the determination of
their metamorphic grade. The presence of antigorite as the only serpentine mineral in
serpentinites and the absence of newly formed olivine indicates that they were formed in the
stability field of antigorite (250-600 °C; Evans 2004) or that the temperature did not exceed
the lower amphibolite facies metamorphism range (i.e. below 500°C).
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Fig. 3 Plot of the analyzed pyroxenes on (a) SiO2 —~TiO2 —Na,O diagram (Beccaluva et al., 1989) and (b) Ti vs. Al"Y
diagram (Beccaluva et al., 1989).

Serpentinites have been most likely formed directly from mantle-wedge olivine above the slab
in which the fluids driven for the slab cause strong hydration and cooling of peridotites during
an early stage of serpentinization (400—600 °C; Khedr and Arai, 2010). Thus the antigorite
formation usually occur at ~ 500°C (Moody, 1976), while the olivine after antigorite is
commonly composed by dehydration at > 500°C; (Caruso and Chernosky, 1979), which is the
minimum temperature for the ferrian chromite, antigorite and chlorite formation (Jan and
Windley, 1990).

Many researchers have proposed that chromian spinel breakdown during metamorphism to
form chlorite (Shen et al., 1988) at relatively high temperatures (> 400°C; Kimball, 1990) and
in the presence of aqueous fluids (Merlini et al., 2009); implies outward Al and Mg diffusion
from chromian spinel, leaving a residual Fe*-enriched and Al-, Mg-depleted Cr-spinel (ferrian
chromite) (Kimball, 1990; Merlini et al., 2009). The serpentinization of both pyroxene and
olivine at temperatures between 200 and 300° C (Bach et al., 2006) could favor the creation of
an aqueous fluid rich environment necessary for the chlorite and ferrian chromite formations.

At high oxidative conditions [i.e. increase in f(O2)], the reaction of chromian spinel with
serpentine favor to produce chlorite and Cr-magnetite (Mellini et al., 2005). This increase in
the oxidative conditions (necessary for Cr-magnetite formation) may be took place after the late
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stages of serpentinization or during lower temperature amphibolite facies metamorphism (Bach
et al., 2006).

The investigated pyroxenites display a very close relation to the serpentinites, which reflect that
both are co-genetic with the rest of the mantle suite. Therefore, the KAD pyroxenites genesis
could be related to the contamination of their mantle source by crustal material and/or subduction-
related slab fluids during mantle evolution in supra subduction zone (SSZ) setting. Thus the low
TiO> contents (0.07 -0.12 wt%, Table 1); the enrichment in LILE (Fig 2c) and LREE (Fig. 3d)
and the Nb depletion (Fig 2c) indicate the remelting of a highly depleted mantle source and
suggest their formation in a SSZ environment (i.e forearc).
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_ TECHNOLOGICKE POSTUPY ZACHRANNYCH PRAC
NA ZELEZNIENOM PRIECESTI PRI NEHODE VLAKOVEJ SUPRAVY
SO SPECIALNYM NAKLADNYM VOZIDLOM

TECHNOLOGICAL PROCEDURES OF RESCUE WORK ON THE RAILWAY
CROSSING IN THE ACCIDENT OF A TRAIN SET WITH A SPECIAL FREIGHT
VEHICLE
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Abstract: The high number of deaths and injuries to road users on railway crossings is mainly due to the historical
development of the number of level crossings of the railway line and of the road transport and the increase of the
traffic intensities of the road transport. In the event of an incident occurring on a railway crossing, it is necessary
to cooperate with the IRS components, the operational center and other involved persons involved in the
intervention activity. The layout, layout, and use of railroad junctions vary from place to place, so each railroad
crossing is unique. The article highlights the time-consuming intervention activity for a particular accident event.

Key words: fire brigade, railway crossing, rescue work, extraordinary event, model situation.

Abstrakt: Vysoky pocet imrti a zranenych ucastnikov cestnej premavky na Zelezniénych priecestiach je dany
predov8etkym historickym vyvojom poctu Groviiovych krizeni Zelezninej trate a pozemnej komunikéacie
a stcasne narastom dopravnych intenzit cestnej dopravy. V pripade vzniku mimoriadnej udalosti na Zelezni¢cnom
priecesti je nutna spolupraca zloziek IZS, opera¢ného strediska a ostatnych z(¢astnenych osob, ktori sa podiel'aja
na z&sahovej ¢innosti. Rozvrhnutie, priestorové umiestnenie a pouzitie zelezni¢nych priecesti sa 1i§i miesto od
miesta, takze kazdé Zelezni¢né priecestie je jedine¢né. Clanok poukazuje na Easovi naroént zasahovej &innosti
pre konkrétnu nehodov udalost’.

KPiacové slova: hasi¢ské jednotky, Zelezni¢né priecestie, zachranné prace, mimoriadna udalost, modelova

situacia.
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1 UVvOoD

Zelezniéné priecestie je troviiové krizovanie pozemnej komunikacie so Zelezni¢nou tratou, aj
prechod cez zelezni¢nu trat. Z hladiska zdsahu, Zelezni¢né priecestie predstavuje jednu z
najtazsich a najkomplikovanejSich technickych zasahov. Takyto zéasah je charakteristicky
prekondvanim vicsSich vzdialenosti vyhradne pesi, fyzicky naro¢nou dopravou technickych
prostriedkov, naro¢nym terénom a pod. Vzhl'adom na odborné ¢innosti a manipulaciu treba
zasah vykonavat’ v spolupraci s persondlom zeleznice a operacnym strediskom zeleznic.

2 SCENAR NEHODOVEJ UDALOSTI — ZRAZKA SPECIALNEHO NAKLADNEHO
VOZIDLA S NAKLADNYM VLAKOM

Vzhl'adom k tomu, Ze nie je mozné zahrnut’ vSetky mozné scendre a kombinacie nehdd, je v
¢lanku spracovany jeden z najzavaznejSich scenarov nehodovej udalosti na Zelezni¢nych
priecestiach. Pre nasledujuce Casti ¢lanku si v prvom rade zadefinujeme prostredie v ktorom sa
bude vykonavat zasahova Cinnost. Vytvorili sme modelovu situaciu pre kazdi nehodovu
udalost’ rovnako, a to pomocou programového produktu SketchUp 2016. Na obrazku 1 je
znézornené prostredie modelove;j situacie. Mozeme vidiet, ze Zelezni¢né priecestie sa nachadza
na okraji obce. Z pohladu zelezni¢nej dopravy ide o jednokolajova Zelezni¢nu trat’, po ktorej
preméavaju osobné a nakladné vlaky, ktoré st v prednej Casti hnacieho drahového vozidla
vybavené tzv. ,pluhom* (technické opatrenie Zeleznic, pri nehodidch na Zelezni¢nych
priecestiach). Z pohl'adu cestnej dopravy ide o obojsmernti premavku pri ktorej st Gcéastnici
premavky vSetky kategorie vozidiel.

Obr 1 Definicia priestoru realizacie modelovych situacii [ALOHA]
Fig 1 Definition of space for the implementation of model situations [ALOHA]

V druhom rade, je potrebné zadefinovat’ podmienky, vzhl'adom k zdsahovej ¢innosti hasi¢skych
jednotiek. V Tab 1 st uvedené poveternostné podmienky.

Tab 1 Atmosférické podmienky pre modelové situécie (autori)
Tab 1 Atmospheric conditions for model situations (authors)

Vznik nehodovej udalosti 13:30 hod.

Teplota prostredia 21°C

Zrazky 0 mm

Pradenie vetra Slaby vietor, 3 m/s zo severovychodu
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Scenar nehodovej udalosti je popisany nasledovne: Vodi¢ Specialneho ndkladného vozidla,
prepravujuci amoniak vosiel, na zeleznicné priecestie v cCase, kedy boli priecestné
zabezpecovacie zariadenia v ¢innosti. Svojou nepozornost'ou prerazil zavory a zostal stat’ na
zelezni¢nom priecesti (Obr 2). Doslo k zrazke medzi Specidlnym nakladnym vozidlom a
nakladnym vlakom. Posadku vozidla tvoril jeden ¢lovek.

=

Obr 2 Scendr mimoriadnej udalosti — $pecialne nakladné vozidlo s ndkladnym vlakom [ALOHA]
Fig 2 Emergency accident scenario - Special Freight Truck with Freight Train [ALOHA]

]
il
il
fl

Obr 3 Priebeh vzniku nehodovej udalosti — $pecialne nakladné vozidlo x vlak (ALOHA)
Fig 3 Behaviour of accident - special lorry x train (ALOHA)

Na uvedené scendre mimoriadnych udalosti, bude aplikované technologické zabezpecenie
zachrannych prac. Zohl'adniuje sa postup zasahovej ¢innosti, bezpecnost’ hasi¢skych jednotiek
a technické zabezpecenie zachrannych prac. Uvedena mimoriadna udalost’ nepatri v ramci SR
medzi Casto vyskytujucu sa udalost’, dovolime si tvrdit, ze sa nevyskytuje skoro vobec. Z
posudzovania rizik, je zname, Ze takyto druh mimoriadnej udalosti je najzavaznejsi. Uvedena
modelova situicia vychadza opdt zo zlyhania l'udského faktora, kedy vodi¢ Specidlneho
nékladné vozidla voSiel na Zelezni¢né priecestie v Case kedy boli priecestné zabezpeCovacie
zariadenia v ¢innosti. Doslo tak k poruSeniu pravidiel cestnej premavky (Obr 4).
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Obr 4 Nehodova udalost’ $pecialny nakladny vozidlo (cisterna) prepravujuca NL x nékladny automobil (ALOHA)
Fig 4 Accidental - special cargo truck (tanker) carrying NL x truck (ALOHA)

3 MODELOVANIE UNIKU AMONIAKU

Specialne nakladné vozidlo prepravovalo v momente vzniku nehodovej udalosti nebezpeénu
latku: Amoniak. Je to horlavy, bezfarebny a toxicky plyn so znamym charakteristickym
prenikavo Stiplavym, k slzeniu drédzdiacim a dusivym zapachom

a lthovitou prichutou. Amoniak je lahsi ako vzduch. Kvapalny amoniak sa svojimi
fyzikdlnymi vlastnostami v mnohom podobd vode: zmesi amoniaku so vzduchom alebo
kyslikom st vybusne. (SketchUp)

Vybusnost’ zmesi amoniaku a vzduchu alebo kyslika zavisi na jej zlozeni, na teplote

a na pritomnosti vodnych par. Zmesi vzduchu s malym obsahom amoniaku nie su vybusné. Ak
dosiahne obsah amoniaku vo vzduchu pri teplote 180C koncentraciu 15 % obj.

Je moZzné tito zmes priviest’ k vybuchu. Ak je ale amoniaku vo vzduchu viacej ako 28 % obj.,
Stava sa zmes opét’ nevybusnou. Pri horeni za vysokych teplot vznikaju prudko toxické splodiny
kysli¢nikov dusika. (SketchUp)

Atmosférické Udaje v ramci modelovej udalosti su uvedené v Uvode kapitoly 4. Modelova
situacia je definovana ako nehodova udalost’ s nasledkami dopravnej nehody a unikom
nebezpecnej latky. Pri iniku nebezpecnej latky je nutné poukazat’ na nasledky uniku amoniaku
z poruseného plasta Specidlneho nékladného vozidla. Pri Giniku sme nasledky modelovali v
programe ALOHA (Obr 5). (SketchUp)

Obr 5 Nésledky Gniku amoniaku z cisterny vozidla [ALOHA]
Fig 5 Consequences of leakage of ammonia from vehicle tank [ALOHA]
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4 CASOVA ANALYZA NADVAZUJUCICH CINNOSTI HASICSKYCH JEDNOTIEK
PRI NEHODOVEJ UDALOSTI SPECIALNE NAKLADNE VOZIDLO X NAKLADNY
VLAK — METODA PERT

Zasahova ¢innost’ hasi¢skych jednotiek je v tomto pripade pozmenend a doplnena o ¢innosti,
ktoré je nutné vykonat’ pri tiniku nebezpec¢nej latky a amoniaku. Rozpis €innosti je uvedeny v
Tab 2.

Tab 2 Rozpis ¢innosti pri zasahu - nehodova udalost’ $pecialne nakladné vozidlo (cisterna) x nakladny vlak (autori)
Tab 2 Breakdown of intervention activities - accident event special freight vehicle (tanker) x freight train (authors)

Ozn. Rozpis ¢innosti

Oznadmenie o nehodovej udalosti na Zelezniénom priecesti/vyjazd HaZZ
Prijazd na miesto dopravnej nehody

Prieskum miesta nehodovej udalosti

Prvotné opatrenia

Rozmiestnenie hasic¢skej techniky

Uzatvorit priestor nehodovej udalosti (nebezpecna a vonkajsia zona)
Informovat’ starostu obce 0 Uniku NL

Evakuacia obyvatel'stva

Zaistenie bezpecnosti pri zasahu

Nasadenie vodny pradu na kvapalny ¢pavok

Priprava hasiacich prostriedkov (trojnasobna poziarna ochrana)
Zichrana o0soby z nebezpeénej zony

Zamedzenie d’al$ieho uniku amoniaku (utesnenie miesta Gniku)
Monitoring koncentracie amoniaku v okoli

Nasadenie sorbentov al. polyethylenovu féliu

Monitorovat’ miesto zasahu

Zaistenie bezpecnosti vo vnitornom okruhu nehodovej udalosti
PreCerpavanie skvapalneného amoniaku

Odstranenie nasledkov dopravnej nehody

Nakol'ajovanie hnacieho drahového vozidla

<AV OVOZIrXe—IOTMOO®>

Kvalifikované odhady dob trvania jednotlivych ¢innosti boli vytvorené podobne, ako v
predchadzajticich pripadoch. Dotaznik bol vyplneny piatimi prislusnikmi HaZZ. Vykonal sa
priemer z kazdého odhadu. V Tab 3 st uvedené tri odhady (optimisticky, pesimisticky a
najpravdepodobnejsi) pre kazdu ¢innost’.
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Tab 3 Optimisticky, pesimisticky a najpravdepodobnejsi odhad ¢innosti zasahu -
nehodova udalost’ $pecidlne ndkladné vozidlo (cisterna) x ndkladny vlak (autori)
Table 3 Optimistic, pessimistic and most likely estimation of intervention -
accident truck special truck (tanker) x freight train (authors)

Ozn. Cinnost’ Optimisticky Najpravdepodobnejsi Pesimisticky
i i (@) (m) (b)
A 0 1 1 15 2,6
B 1 2 10 12,5 15
C 2 3 3 3,2 4,6
D 3 4 4,6 6,2 8,2
E 3 5 2,2 2,9 4
F 4 6 5,6 8,2 11,2
x1 5 6 0 0 0
G 6 7 1 1,52 2,4
H 6 8 13,4 15,2 17,8
X2 7 9 0 0 0
| 8 9 6,6 8,2 10,4
J 9 10 5,8 7,5 9,8
K 10 11 6,6 8,1 10,4
L 10 12 4,2 4,6 6,2
M 11 13 5,8 75 9,4
X3 12 13 0 0 0
N 13 14 7,6 9,7 13,8
14 15 8,4 9,9 12,4
P 14 16 1 2,5 42
R 15 17 4.4 53 7,2
x4 16 17 0 0 0
S 17 18 52 59,4 67
T 18 19 30 34,5 41
\% 19 20 35 38,3 43

V Tab 4 st uvedené postupné vypocty strednej doby trvania €innosti, rozpétia, rozptylu a
smerodajna odchylka. Tieto veli¢iny postacuji na analyzu — redukciu na deterministicky model.
(Kaspar, 1998)

51



ACTA UNIVERSITATIS MATTHIAE BELII series Environmental management, Vol. XX., No. 1, 2018

Tab 4 Zakladné Udaje o ¢innostiach v sietovom grafe (autori)

Tab 4 Basic data on network chart activities (authors)

Ozn. Cinnost’ a
i j
A 0 1 1
B 1 2 10
C 2 3 3
D 3 4 4,6
E 3 5 2,2
F 4 6 5,6
x1 5 6 0
G 6 7 1
H 6 8 134
X2 7 9 0
| 8 9 6,6
J 9 10 5,8
K 10 11 6,6
L 10 12 4,2
M 11 13 5,8
x3 12 13 0
N 13 14 7,6
0] 14 15 8,4
P 14 16 1
R 15 17 4,4
x4 16 17 0
S 17 18 52
T 18 19 30
\ 19 20 35

m

15
12,5
3,2
6,2
2,9
8,2
0
1,52
15,2
0
8,2
7,5
8,1
4,6
7,5
0
9,7
9,9
2,5
53
0
59,4
34,5
38,3

2,6
15
4,6
8,2

11,2

2,4
17,8

10,4
9,8
10,4
6,2
9,4

13,8
12,4
4,2
7,2
0
67
41
43

te

1,60
12,50
3,40
6,27
2,97
8,27
0,00
1,58
15,33
0,00
8,30
7,60
8,23
4,80
7,53
0,00
10,03
10,07
2,53
5,47
0,00
59,43
34,83
38,53

44

3,8

3,8

3,6

6,2

3,2
2,8

15
11

cte

0,27
0,83
0,27
0,60
0,30
0,93
0,00
0,23
0,73
0,00
0,63
0,67
0,63
0,33
0,60
0,00
1,03
0,67
0,53
0,47
0,00
2,50
1,83
1,33

o’te

0,07
0,69
0,07
0,36
0,09
0,87
0,00
0,05
0,54
0,00
0,40
0,44
0,40
0,11
0,36
0,00
1,07
0,44
0,28
0,22
0,00
6,25
3,36
1,78

V nasledujucej Casti je uvedeny variant vypocétu prevodom na deterministicky model. V Tab 5
st uvedené vysledky deterministického modelu. Vysledky st zaokrahlené na dve desatinné
miesta. Na Obr 6 je zndzorneny sietovy graf (Kaspar, 1998).
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Tab 5 Zakladné terminové ukazovatele ¢innosti sietového grafu typu PERT (autori)
Tab 5 Basic Term Performance Indicators PERT network chart (authors)

Oz  Cinnost’ a m b te Najskor mozny Najneskor Rozp Celk.
n. mozny tyl Rezer.
zaCiato ~ koniec = zaliato = koniec
k k
i j tZijOZTi tkijo tZij}L tkij}‘:Tj o2 CRij

A 0 1 1 1,5 2,6 1,60 0 1,60 1,60 0,07 0,00
B 1 2 10 125 15 12,5 1,60 14,10 1,60 14,10 0,69 0,00
C 2 3 3 3,2 4,6 3,40 14,10 17,50 14,10 17,50 0,07 0,00
D 3 4 4,6 6,2 8,2 6,27 17,50 23,77 17,50 23,77 0,36 0,00
E 3 5 2,2 29 4 2,97 17,50 20,47 29,07 32,03 0,09 11,57
F 4 6 5,6 82 112 827 23,77 32,03 23,77 32,03 0,87 0,00
x1 5 6 0 0 0 0,00 20,47 20,47 32,03 32,03 0,00 11,57
G 6 7 1 152 24 158 32,03 33,61 54,09 55,67 0,06 22,05
H 6 8 134 152 178 1533 32,03 47,37 32,03 47,37 0,54 0,00
x2 7 9 0 0 0 0,00 3361 33,61 55,67 55,67 0,00 22,05
17 8 9 6,6 82 104 830 47,37 55,67 47,37 55,67 0,40 0,00
J 9 10 5,8 7,5 9,8 7,60 55,67 63,27 55,67 63,27 0,44 0,00
K 10 11 6,6 81 104 823 6327 71,50 63,27 71,50 0,40 0,00
L 10 12 4,2 4,6 6,2 480 63,27 68,07 74,23 79,03 0,11 10,97
M 11 13 58 7,5 9,4 7,53 71,50 79,03 71,50 79,03 0,36 0,00
X3 12 13 0 0 0 0,00 68,07 68,07 79,03 79,03 0,00 10,97
N 13 14 7,6 9,7 138 10,03 79,03 89,07 79,03 89,07 1,07 0,00
0] 14 15 8,4 99 124 10,07 89,07 99,13 89,07 99,13 0,44 0,00
P 14 16 1 2,5 4,2 2,53 89,07 91,60 102,07 104,60 0,28 13,00
R 15 17 4,4 53 7,2 547 99,13 104,60 99,13 104,60 0,22 0,00
x4 16 17 0 0 0 0,00 91,60 91,60 104,60 104,60 0,00 13,00
S 17 18 52 59,4 67 59,43 104,60 164,03 104,60 164,03 6,25 0,00
T 18 19 30 345 41 34,83 164,03 198,87 164,03 198,87 3,36 0,00
\ 19 20 35 383 43 38,53 198,87 237,40 198,87 237,40 1,78 0,00
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Nakolajovanie hnacieho drdhového vozidla
Odstranenie nasledkov dopravnej nehody
Precerpavanie skvapalneného amoniaku
Fiktivna ¢innost’ ¢. 4
Zaistenie bezpec¢nosti vo vnutornom okruhu nehodovej udalosti
Monitorovat’ miesto zasahu
Nasadenie sorbentov al. polyethylenovd foliu
Monitoring koncentracie amoniaku v okoli
Fiktivna ¢innost’
Zamedzenie d’alSieho iniku amoniaku (utesnenie miesta uniku)
Zachrana osoby z nebezpecnej zony
Priprava hasiacich prostriedkov (trojnasobna poziarna ochrana)
Nasadenie vodny prudu na kvapalny ¢pavok
Zaistenie bezpecnosti pri zasahu
Fiktivna €innost’ ¢.2
Evakuécia obyvatel'stva
Informovat’ starostu obce o uniku NL
Fiktivna ¢innost’ ¢.1
Uzatvorit priestor nehodovej udalosti (nebezpecna a vonkajsia zona)
Rozmiestnenie hasicskej techniky
Prvotné opatrenia
Prieskum miesta nehodovej udalosti
Prijazd na miesto dopravnej nehody

Oznamenie o nehodovej udalosti na Zelezniénom priecesti/vyjazd HaZZ

Obr. 6 Vypocet a zapis terminovych ukazovatelov v sieti — metdda PERT (autori), Fig. 6 Calculation and Writing of Term Indicators in the Network - PERT Method (Authors)
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Pri nehodovej udalosti vyuzijeme vSetky prednosti metody PERT. Pristupujeme k d’alSej faze
rieSenia, k dodatocnému pravdepodobnostnému vypoctu (Tab 6).

Tab 6 Pravdepodobnost’ ukonéenia zasahovej ¢innosti nehodova udalost’ §pecialne nakladné vozidlo x nakladny
vlak (autori)

Tab 6 The likelihood of termination of the accident action incident specifically truck x freight train (authors)

Pravdepodobnost’ ukoncenia zasahovej ¢innosti do 230, 240 a 250 min.

P{T10<230} -1,90813 1-d(1,90813) 0,023295
P{T10<240} 0,670424 ®(0,67042) 0,748571
P{T10<250} 3,248977 D(3,24898) 0,999402
Ukoncenie zasahovej ¢innosti pri pravdepodobnosti 0,3; 0,5; 0,95

{T15=0,3} 235,3834

{T15=0,7} 239,4166

{T15=0,95} 243,7602

Pravdepodobnost’, Ze uzol 20 ( a tym cela zasahova ¢innost’) bude ukonéena v ¢ase T =230 min
je 0,023295. Pri case T=240 min. je pravdepodobnost’ 0,748571 apri case T=250
je pravdepodobnost’ 0,999402. Z uvedenej analyzy je zrejeme, Ze ide o tazky technicky zasah,
ktory sa vyznacuje mnozstvom ¢innosti.

ZAVER

Vytvoreny scenar predstavuje vstupné a objektivne tdaje, na ktoré sme mohli aplikovat’
zasahovii &innost. Clanok priblizuje a znazorfiuje postup zasahovej &innosti pri nehodovej
udalosti $pecialneho nakladného vozidla s ndkladnym vlakom, pri ktorom sme na zéklade
pravdepodobnosti zistili ¢as trvania jednotlivych faz zasahu. Na zéklade zistenych Casovych
udajov je mozné konstatovat’, Ze zdsahova ¢innost’ pri uvedenej nehodovej udalosti je ¢asovo
a fyzicky vel'mi naroént druh zasahu. Dalej je mozné konstatovat’, Ze subor bezpeénostnych
rizik na Zelezni¢nych priecestiach je pritomny a Vv pripade akejkol'vek nehodovej udalosti na
zelezni¢nom priecesti dochadza k usmrteniu a vaznym zraneniam. Historia zdoraziuje aj
niektoré udalosti, ktoré tym, Ze sa zelezni¢né a cestné systémy pretinaju, majd v tomto mieste
vysoky potencial nehodovych udalosti va¢sieho rozsahu. Aj z tohto dovodu je potrebné hl'adat’
efektivne rieSenia, pomocou ktorych sa zvysi bezpecnost’ na zelezni¢nych priecestiach.
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Abstrakt: Prispevok je venovany vyskumu asocidcie Sambucetum ebuli na Uzemi mesta Bratislava. Ide
0 ruderalne rastlinné spoloéenstvo z triedy Galio-Urticetea, v ktorom dominuje expanzivny druh Sambucus
ebulus. V prispevku uvadzame fytocenologické zépisy, lokality vyskytu a charakteristiku asociacie na Studovanom
Uzemi na zéklade vlastnych fytocenologickych Udajov, ako aj zhodnotenie biodiverzity porastov, ktoré ukézalo,
ze ide o druhovo chudobny typ vegetacie. Vysledky predkladanej prace mézu pomoct’ K monitorovaniu rozsirenia
expanzivneho druhu Sambucus ebulus a spolo¢enstiev s jeho dominanciou na Slovensku a pomoct’ tak k ochrane
zivotného prostredia.

Kriacové slova: ekoldgia, fytocenoldgia, Galio-Urticetea, mesto, ruderalna vegetacia

Abstract: This paper is focused on the research of the association Sambucetum ebuli in the area of Bratislava.
Sambucetum ebuli is ruderal plant community from the class Galio-Urticetea dominated by the expansive species
Sambucus ebulus. In the paper we present the phytosociological relevés, the localities of occurrence and the
characteristics of the association in the studied area based on the recorded phytosociological data, and also the
analysis of the biodiversity of the stands, which showed, that stands of the association are poor on species. The
results of the presented study can help with the monitoring of the distribution of the expansive species Sambucus
ebulus and the communities dominated by this species in Slovakia. Consequently, the results would help with the
protection of the environment.

Key words: ecology, phytosociology, Galio-Urticetea, city, ruderal vegetation
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Uvod

Invézie nepdvodnych druhov rastlin si globalnym problémom a predstavujua velka hrozbu pre
biodiverzitu. Problematikou invaznych a druhov sa vo svete a aj na Uzemi Slovenska zaobera
velky pocet ochranarov a botanikov. AvSak, menSia pozornost je venovana expanzivnym
druhom, ktorych dopad na biodiverzitu sa podstatne nelisi od vplyvu nepovodnych invaznych
rastlin. Podl'a definicie je expanzivnym druhom taky, ktory je na danom uzemi pévodny, ale
roz$iruje sa na Ukor ostatnych druhov. Na Slovensku je evidovanych 29 expanzivnych taxénov,
ku ktorym patri aj druh baza chabzdova — Sambucus ebulus (Gojdi¢ova et al., 2002).

Rod Sambucus z ¢el'ade Caprifoliaceae je morfologicky vel’'mi variabilny, ma rozsiahly areal
vyskytu a je taxonomicky rozdeleny na niekol’ko sekcii. Do rodu patri priblizne 9 az 30 druhov.
Na Slovensku sa vyskytuju tri druhy: Sambucus ebulus zo sekcie Ebulus, S. nigra zo sekcie
Sambucus a S. racemosa zo sekcie Botryosambucus. Baza chabzdova — Sambucus ebulus je
jedinym bylinnym zastupcom rodu Sambucus na Slovensku a jednym z troch bylinnych
zastupcov tohto rodu. Rastie predovsSetkym v teplejSich oblastiach tizemia na vlhkych,
zasaditych az slabo kyslych humo6znych, kamenitych i hlinitych, hlbokych pdédach v luznych
lesoch, na krovinatych stranach alebo lesnych d&istindch, na ribaniskach, zboreniskéch,
dedinskych priestranstvach, vo viniciach a d’alSich ruderalnych biotopoch v mestach (Dostal,
Cervenka, 1992; Eriksson, Donoghue, 1997; Marhold, Hindak, 1998; Applequist 2015).

Druh Sambucus ebulus v ruderalnej vegetacii na tzemi Slovenska dominuje vécSinou
v porastoch asocidcie Sambucetum ebuli. Predkladany prispevok sa venuje prave vyskumu
porastov tejto asociacie na Uzemi mesta Bratislava. Asociécia z fytocenologického hl'adiska
patri do zvazu Galio-Alliarion, radu Lamio albi-Chenopodietalia boni-henrici a triedy Galio-
Urticetea. Asociacia je hojne rozsirena v takmer vSetkych ¢astiach Slovenska (Jarolimek et al.,
1997; Jarolimek, Sibik 2008).

Jednym z doésledkov Sirenia expanzivnych druhov rastlin je ich negativny vplyv na
biodiverzitu, preto sa v predkladanej praci zameriavame aj na zhodnotenie diverzity
zaznamenanych porastov. Biodiverzitu spoloCenstva odraza jednak pocet druhov vo
fytocenologickom zapise, ale da sa vypocitat aj pomocou réznych indexov diverzity,
najcastejsie pomocou Shannon—Wienerovho indexu biodiverzity [H'] (Hill, 1973).

Zuvedenych dovodov sme stanovili nasledovné ciele Stadie: 1.) zdokumentovat
a charakterizovat’ ruderalne porasty asocidcie Sambucetum ebuli, v ktorych dominuje
expanzivny druh Sambucus ebulus na tzemi mesta Bratislava, 2.) zhodnotit’ biodiverzitu
zaznamenanych porastov na zéklade poctu druhov v zapisoch a vypoctu hodndt Shannon—
Wienerovho indexu biodiverzity.

Metodika

Studované tizemie bolo vymedzené katastralnymi hranicami mesta Bratislava. Mesto Bratislava
lezi v juhozépadnej Casti Slovenskej republiky. Rozloha mesta je 368 km? Na tizemie mesta
zasahuju tri orografické celky: Borska nizina, Malé Karpaty a Podunajska rovina. Klima
Bratislavy mé mierny aZ teply kontinentalny charakter. Bratislava je jednou z najteplejSich
a najsuchsich oblasti Slovenskej republiky. Podne pomery na ruderdlnych biotopoch st
poznamenané roznymi ¢innost'ami ¢loveka (stavebnymi pracami, obhospodarovanim a pod.) a
povodné pody prekryvaju antrozeme (Hrnciarova et al., 2006; Ferdkova, Jarolimek, 2011).

Na ruderalnych biotopoch Bratislavy sme pocas vegetaénych sezoén rokov 2011 — 2014
zaznamenavali rastlinné spolocenstva, v ktorych dominoval expanzivny druh Sambucus ebulus.
Fytocenologicky vyskum sme realizovali v stlade s metddami ziiriSsko-montpellierskej Skoly
(Braun-Blanquet, 1964), pricom sme v zapisoch pouzivali upravent Braun-Blangquetovu stupnicu
abundancie a dominancie, rozsirent o stupne 2a, 2b, 2m (Barkman et al., 1964). Zapisy sme
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nasledne ulozili v programe TURBOWIN (Hennekens, Schaminée, 2001) a upravili v programe
JUICE (Tichy, 2002).

Zapisy sme vyhodnocovali na zéklade celkového druhového zloZenia, pritomnosti
diagnostickych, charakteristickych a konstatnych druhov a stanoviStnych podmienok, ako aj
prostrednictvom numerickej Kklasifikacie v ramci rozsiahlejSiecho vyhodnotenia pri vyskume
ruderélnej vegetécie Bratislavy (Rendekova, 2016). Numerickd Klasifikaciu sme robili
v programe SYN-TAX 2000 (Podani, 2001), pricom sme pouzili B-flexibilnd metddu (B-
flexible) (B = -0,25) v kombin&cii s Wishartovym indexom (Wishart's index). Diagnosticke,
charakteristické a konstantné druhy sme determinovali podl'a publikacii Jarolimka et al. (1997),
Valachovi¢a (2001) a Jarolimka a Sibika (2008).

Fytocenologické zapisy prezentujeme v tabul’ke 1. Tabul'ku sme vytvorili pomocou programu
JUICE (Tichy, 2002) a upravili pomocou programu MICROSOFT EXCEL 2010. V tabulke sa
v riadkoch taxony zoradené podla klesajtcej frekvencie a podla prislusnosti k jednotlivym
fytocenologickym jednotkdm (skupiny dominantnych, diagnostickych, charakteristickych
a konstatnych druhov jednotlivych fytocenologickych jednotiek). V stipcoch su v tabulke za
sebou jednotlivé zapisy zoradené podla vysledkov numerickej klasifikacie. V poslednom stipci
tabul’ky uvadzame celkové hodnoty frekvencii vyskytu taxénov v percentach. Hodnoty
abundancie a dominancie 2a a 2b v tabul’ke uvadzame v skratenej forme (a, b). Taxony
vyskytujlce sa len v jednom zapise uvadzame pod tabulkou v abecednom poradi, pricom
Vv zatvorke pri kazdom z nich je ¢islo zépisu, v ktorom sa taxén vyskytuje. Pod tabul’kou d’alej
uvadzame lokality, na ktorych sme zapisy zaznamenali a d’alsie udaje k zapisom.

Pomocou programu JUICE (Tichy, 2002) sme d’alej vypo¢itali hodnoty Shannon—Wienerovho
index biodiverzity [H'] (Hill, 1973) pre kazdy fytocenologicky zapis. Vysledky uvadzame
v grafe na obrézku 3, ktory sme vytvorili v programe STATISTICA 7.0 (Hill, Lewicki, 2007).
V programe STATISTICA 7.0 sme vytvorili aj graf prezentujtici poéty druhov v jednotlivych
zapisoch (obr 2).

Nomenklatiru taxénov uvadzame podla Zoznamu niz§ich a vysSich rastlin Slovenska
(Marhold, Hindak, 1998). Nomenklatiru syntaxénov sme zjednotili podl'a publikacie Jarolimka
a Sibika (2008).

Vysledky a diskusia

Z&pisy s dominanciou druhu Sambucus ebulus boli na zaklade celkového druhového zlozenia
zapisov, pritomnosti diagnostickych, charakteristickych a konstatnych druhov a stanovistnych
podmienok, ako aj prostrednictvom numerickej Klasifikacie priradené do asociacie
Sambucetum ebuli.

Porasty asociacie Sambucetum ebuli tvoria predovsetkym husto rastice, okolo 200 cm vysoké
jedince expanzivneho druhu Sambucus ebulus, ktory v asociacii dominuje. Detail stkvetia
dominantného druhu Sambucus ebulus je zobrazeny na fotografii na obrazku 1. Porasty
asocidcie su vel'mi husté, zomknuté (celkova pokryvnost’ je vacsinou 100 %), a to aj vd’aka
zastUpeniu popinavych a ovijavych rastlin (Calystegia sepium, Clematis vitalba, Humulus
lupulus), ktoré su v porastoch Casté a vacSinou dosahuji aj pomerne vysoké hodnoty
abundancie a dominancie (tab 1). Ked'Ze takéto podmienky st nepriaznivé pre vyvin podrastu,
porasty byvaju obvykle druhovo chudobné. Okrem uz uvedenych taxénov sa na ich tvorbe
Casto, a v niektorych pripadoch aj s vy$§imi hodnotami abundancie a dominancie, podiel’aju aj
d’alSie charakteristické druhy triedy Galio-Urticetea a jej nizSich syntaxonov (napr. Rubus
caesius a Urtica dioica). Frekventovane sa tu objavuju tiez vysoké travy (Arrhenatherum
elatius, Elytrigia repens, Phragmites australis) a taxony Artemisia vulgaris, Ballota nigra,
Cirsium arvense, Lactuca serriola a Rubus fruticosus agg. V porastoch sa vyskytuju aj niektoré
invazne neofyty, napr. Aster xsalignus a Solidago gigantea (tab 1).
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Fytocenologické zapisy pochadzaju z réznych opustenych ploch medzi budovami alebo z
okolia zelezni¢nych trati. Asociacia je na izemi Bratislavy pomerne hojne rozsirena a jej vyskyt
bol v meste zisteny uz v minulosti, priblizne pred tridsiatimi rokmi (Jarolimek, 1983). Porasty
Sambucetum ebuli mali v minulosti mierne rozdielne druhové zlozenie nez v sucasnosti. Pred
tridsiatimi rokmi sa v porastoch asociacie nevyskytovali neofyty Ambrosia artemisiifolia,
Medicago sativa, Solidago gigantea, ale aj d’alSie, na uzemi Slovenska povodné taxony, ako
napr. Dactylis glomerata, Rubus fruticosus agg., ktoré sme v porastoch Vv stéasnosti
zaznamenali. Druhy Arrhenatherum elatius, Cirsium arvense a Rubus caesius sa v porastoch
v minulosti uplatiovali s nizSou frekvenciou ako v sucasnosti. Rozdielne bolo aj zastipenie
niektorych popinavych druhov. V minulosti sa na rozdiel od stcasnosti v porastoch vyskytoval
druh Vitis vinifera, absentoval druh Humulus lupulus a druh Clematis vitalba bol zastipeny
menej ¢asto a s niz§imi hodnotami abundancie a dominancie.

Asociacia Sambucetum ebuli sa hojne vyskytuje v takmer vSetkych oblastiach Slovenskej
republiky (Jarolimek et al., 1997). Pre porasty, ktoré sme aktualne zaznamenali v Bratislave, je
charakteristické, Ze oproti inym tuzemiam Slovenska (Zaliberova, Jarolimek, 1995; Jarolimek
et al., 1997; Medvecka et al., 2010) a Ceskej republiky (Chytry, 2009) sa v nich o nie¢o
frekventovanejsie vyskytuju druhy Clematis vitalba a Humulus lupulus. Tento fakt mozno do
istej miery odovodnit’ tym, Ze uvedené druhy st rozsirené predovsetkym v nizinach a strednych
nadmorskych vyskach teplejSich ¢asti Slovenska, ku ktorym patri aj Bratislava.

Velky rozdiel vo floristickom zloZeni porastov asocidcie pozorujeme v porovnani s izemiami
leziacimi na severe Slovenskej republiky: Hornou Oravou (Medvecka et al.,, 2010) a
severovychodnym Slovenskom (Zaliberova, Jarolimek, 1995). Okrem uz spominaného
vécsieho podielu druhov Clematis vitalba a Humulus lupulus sa v porastoch v Bratislave oproti
severne polozenym oblastiam CastejSie aj viaceré d’alie termofilné druhy (napr. Ballota nigra).
Naopak, na rozdiel od Bratislavy su v chladnejSich oblastiach v porastoch Sambucetum ebuli
frekventovanejSie zastipené viaceré vlhkomilnej$ie druhy (napr. Aegopodium podagraria,
Agrostis gigantea, Campanula trachelium, Heracleum sphondylium, Veronica chamaedrys,
druhy rodu Chaerophyllum). Vo vécsine severnych regionov v porastoch nie su s tak vysokou
stalostou ako v Bratislave zastiipené taxony Rubus caesius, R. fruticosus agg. a naopak, v
porastoch asociacie na severe zvykne rast’ v Bratislave nezaznamenany druh Rubus idaeus.
Oproti Hornej Orave su navyse v porastoch v Bratislave s vy$Sou frekvenciou pritomné druhy
Arrhenatherum elatius, Elytrigia repens.

Obr 1 Detail stkvetia dominatného druhu asocidcie Sambucetum ebuli — Sambucus ebulus v Bratislave (Autor:
A.Rendekova)

Fig 1 Detail of the inflorescence of dominant species of the association Sambucetum ebuli — Sambucus ebulus in
Bratislava (Author: Rendekova)
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Tab 1 Fytocenologické zapisy z asociacie Sambucetum ebuli z Bratislavy
Tab 1 Phytosociological relevés of the association Sambucetum ebuli from Bratislava

Fytocenologicky zapis €. ‘ 1 2 3 4 5 6 7 8 9 10 11 12 13| %
Eli

Dominanty druh:

Sambucus ebulus ‘ 5 55 5 5 5 5 5 5 5 5 5 51100
Diagnostické, charakteristické a konstantné taxony triedy Galio-Urticetea a jej nizsich syntaxonov:
Urtica dioica + 1 + a a + + 1 1 + . + | 8
Rubus caesius + .+ . 1 . + b 3 + b | 62
Humulus lupulus ... 1 1 + b a + 3 4| 62
Clematis vitalba + + o+ b 1 3| 46
Calystegia sepium + + 1 1 38
Galium aparine + 1 . . . . ...+ .+ ] 31
Geum urbanum r . . 1 . + . . . . . . .| 23
Diagnostické, charakteristické a konStantné taxony triedy Artemisietea vulgaris a jej nizsich syntaxénov:
Elytrigia repens + a + + . 4+ + 4+ . 1 1 4+ 185
Artemisia vulgaris .. r r + r . 4+ + + + 77
Ballota nigra ..+ + a + .+ o+ r .+ ] 62
Silene latifolia subsp. alba .or r + 23
Vicia villosa T . . 15
Convolvulus arvensis . . r . . 15
Ambrosia artemisiifolia T T T . : .| 15
Medicago sativa I S .| 15
Ostatné taxony:

Arrhenatherum elatius 1 + + + + + + 0+ o+ 4+ | 77
Dactylis glomerata + 0+ ..+ + .. . . | 38
Cirsium arvense .o ... . a + + . : .| 38
Rubus fruticosus agg. ..o+ 1 1 r 1 38
Lactuca serriola .. . . . . . r 4+ . + + +] 38
Hypericum perforatum N S S T . ] 31
Solidago gigantea AL L L L+ .+ .| 23
Equisetum arvense + ..+ L+ . . .| 23
Aster xsalignus .. .+ . . . b . . . . 23
Calamagrostis epigejos T T - B : .| 23
Phragmites australis + . . . . . . . . b . . .| 15
Bromus sterilis R : : .| 15
Vicia hirsuta S . . . 15
Taraxacum sect. Ruderalia N G : : .| 15
Poa pratensis e N : : .| 15
Rosa canina agg. (juv.) e r : .| 15
Conyza canadensis e T T
Papaver rhoeas e T e
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Taxony, ktoré sa vyskytuju v jednom fytocenologickom zéapise:

E;:Acer campestre (juv.) (3): r; Acer pseudoplatanus (juv.) (1): r; Allium scorodoprasum (13): r; Bromus inermis
(8): +; Cichorium intybus (5): r; Cuscuta europaea (2): +; Echium vulgare (11): r; Eragrostis minor (10): +;
Falcaria vulgaris (11): r; Fallopia convolvulus (12): r; Fallopia dumetorum (11): +; Fraxinus excelsior (juv.) (1):
+; Helianthus tuberosus (8): r; Holcus lanatus (10): +; Hordeum murinum (13): +; Impatiens glandulifera (7): 1;
Iva xanthiifolia (5): r; Lamium purpureum (4): +; Lycium barbarum (juv.) (2): +; Medicago falcata (8): +;
Oenothera biennis (10): r; Plantago lanceolata (4): r; Polygonum arenastrum (12): r; Reseda lutea (11): r; Robinia
pseudoacacia (juv.) (1): +; Rumex conglomeratus (10): r; Rumex crispus (5): r; Rumex patientia (10): +; Sonchus
arvensis (12): r; Stenactis annua (7): +; Tanacetum vulgare (9): r; Verbascum thapsus (4): r;

E»: Rosa canina agg. (8): 1;
Eo: Brachythecium velutinum (1): +; Eurhynchium hians (1): +

autor/autori fytocenologického zapisu; datum fytocenologického zapisu; lokalita fytocenologického zapisu:
orograficky celok, mesto, konkrétna lokalita, zemepisné stiradnice: zemepisna $irka, zemepisna dizka, presnost’
GPS, nadmorska vyska, sklon, orientacia svahu, podny druh, velkost’ plochy fytocenologického zapisu; celkova
pokryvnost, pokryvnost’ E1, pokryvnost’ Eo, pokryvnost’ Eaz, pokryvnost’ Eo; vysky vrstiev porastu v E1, vysky
vrstiev porastu v E, vysky vrstiev porastu v Eg):

Fytocenol. zapis ¢. 1; A.Rendekova, J.Podrouzkova Medvecka; 13.6.2011; Malé Karpaty, Bratislava, Dtibravka,
Horné Kréace, 160 m od futbalového ihriska, mierny svah nad garazami, 48°10'36.80", 17°02'59.60", + 5 m, 192
m, 20°, 160° (JJV), hlinity, 48.00 m2; 100%, 100%, -, -, 1%; 130 cm - 200 cm, -, -;

Fytocenol. zapis €. 2; A.Rendekova; 26.6.2013; Borska nizina, Bratislava, Devinska Nova Ves, 160 m od Mlynske;j
ulice, plocha pri zeleznicnej trati 200 m od zelezni¢ného podjazdu, 48°12'58.90", 16°58'38.70", £ 4 m, 142 m, 0°,
-, hlinity + primes piesku, 40.00 m2; 100%, 100%, -, -, -; 65 cm - 180 cm, -, -;

Fytocenol. zapis ¢. 3; A.Rendekova; 13.7.2011; Malé Karpaty, Bratislava, Polianky, 160 m od trafostanice, svah
nad chodnikom, 48°10'27.60", 17°03'44.20", £ 7 m, 207 m, 54°, 270° (Z), hlinity, 36.00 m2, 100%, 100%, -, -, -;
15¢cm-210cm, -, -

Fytocenol. zapis €. 4; A.Rendekova; 30.7.2011; Malé Karpaty, Bratislava, Kramare, ulica Pod Krasnou hérkou,
opustend plocha nad nemocnicou, 48°10'12.60", 17°05'23.10", + 6 m, 263 m, 3°, 178° (J), hlinity, 40.00 m2; 100%,
100%, -, -, -; 20cm - 210 cm, -, -;

Fytocenol. zapis €. 5; A.Rendekova; 30.6.2013; Podunajska rovina, Bratislava, Petrzalka, Kop¢ianska ulica, 20 m
od Zelezni¢nej trate, opustend plocha, 48°06'43.80", 17°05'29.80", £ 10 m, 138 m, 0°, -, hlinity + primes piesku,
24.00 m?; 100%, 100%, -, -, -; 65 cm - 165 cm, -, -;

Fytocenol. zapis ¢. 6; A.Rendekova; 14.8.2012; Podunajska rovina, Bratislava, Raca, ulica Knizkova cesta, 120 m
od amfiteatra, opustend zanedband stara zahrada, 48°12'52.90", 17°08'40.00", £ 8 m, 188 m, 0°, -, hlinity + primes
piesku, 24.00 m2; 98%, 98%, -, -, -; 80 cm - 130 cm - 170 cm, -, -;

Fytocenol. zapis ¢. 7; A.Rendekova; 26.7.2013; Podunajska rovina, Bratislava, Cunovo, za Sochorovou ulicou,
opustena plocha pri kostole, 48°02'07.40", 17°12'09.90", £ 8 m, 128 m, 0°, -, hlinity + primes piesku, 28.00 mz;
100%, 100%, -, -, -; 65 cm - 165 cm, -, -;

Fytocenol. zapis ¢. 8; A.Rendekova; 6.8.2012; Malé Karpaty, Bratislava, Karlova Ves, ulica Staré grunty, 20 m od
zahrad, opustena plocha pri ceste, 48°09'06.50", 17°03'58.00", £ 6 m, 196 m, 6°, 180° (J), hlinity + primes piesku,
24.00 m2; 100%, 100%, 5%, -, -; 60 cm - 180 cm, 2 m, -;

Fytocenol. zapis ¢. 9; A.Rendekova; 3.8.2012; Borska nizina, Bratislava, Zahorska Bystrica, opustena plocha
medzi rodinnymi domami a zahradami, 48°14'34.20", 17°03'19.10", + 9 m, 216 m, 0°, -, hlinity + primes piesku,
26.00 m?; 100%, 100%, -, -, -; 65 cm - 150 cm - 165 cm, -, -;

Fytocenol. zapis ¢. 10; A.Rendekova; 28.6.2013; Borska niZina, Bratislava, Devinska Nova Ves, opustena plocha
22 m od Zelezni¢nej stanice Devinska Nova Ves, 48°13'10.60", 16°58'23.10", £ 10 m, 144 m, 0°, -, hlinity +
primes piesku, 28.00 m2; 100%, 100%, -, -, -; 65 cm - 165 cm, -, -;

Fytocenol. zapis €. 11; A.Rendekova; 8.8.2013; Podunajska rovina, Bratislava, Nové Mesto, 200 m od Pionierskej
ulice, opustena plocha 60 m od Vyskumného Ustavu, 48°10'11.20", 17°07'27.40", £ 6 m, 152 m, 0°, -, hlinity +
primes piesku, 40.00 m2; 100%, 100%, -, -, -; 65 cm - 165 cm - 180 cm, -, -;

Fytocenol. zéapis €. 12; A.Rendekové; 16.8.2014; Podunajskd rovina, Bratislava, Nové Mesto, 200 m od
Roznavskej ulice, opustena plocha pri zelezni¢nej trati, 48°10'05.20", 17°09'21.00", + 12 m, 142 m, 0°, -, hlinity
+ primes piesku, 26.00 m?; 100%, 100%, -, -, -; 65 cm - 180 cm, -, -;
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Fytocenol. zapis ¢. 13; A.Rendekova; 26.6.2013; Malé Karpaty, Bratislava, ulica Devinska cesta, plocha pri ceste
60 m od zastavky autobusu Zlaté schody, 48°09'06.30", 17°01'58.60", £ 14 m, 140 m, 6°, 180° (J), hlinity + primes
piesku, 22.00 m?; 100%, 100%, -, -, -; 65 cm - 200 cm, -, -.

Pocet druhov v zaznamenanych zapisoch asociacie Sambucetum ebuli sa pohybuje od 10 do 19
druhov (obr 2), priemerny pocet druhov v zapise je 15, ¢o je pomerne malo. V zapisoch zo
Studovanej asocidcie sme na uzemi Bratislavy zaznamenali nizke hodnoty indexu diverzity,
ktoré sa pohybovali od 1,025 do 1,615 (obr 3). Za bezné hodnoty Shannon—-Wienerovho indexu
diverzity pre vacsinu ekologickych stadii sa povazuju hodnoty medzi 1,5 az 3,5 (Magurran,
2004). Na zaklade naSich zisteni mézeme konsStatovat, Ze biodiverzita vegetacie, v ktorej
dominuje druh Sambucus ebulus, je nizka.
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Obr 2 Pocet druhov v zaznamenanych zapisoch asociacie Sambucetum ebuli v Bratislave
Fig 2 Number of the species in the recorded relevés of the association Sambucetum ebuli in Bratislava
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Obr 3 Hodnoty Shannon—Wienerovho indexu diverzity v zaznamenanych zapisoch asociacie Sambucetum ebuli
v Bratislave

Fig 3 The values of the Shannon-Wiener diversity index in the recorded relevés of the association Sambucetum
ebuli in Bratislava
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Prezentovana praca ukazala, Ze vegetacia, v ktorej dominuje expanzivny druh Sambucus ebulus,
je druhovo chudobna a vyskytuje sa na mnohych ruderalnych plochach. Z ruderalnych biotopov
z miest mozu tieto typy vegetacie prenikat’ aj do prirodzenych rastlinnych spoloCenstiev
a znizovat’ tak ich biodiverzitu. Monitorovanie expanzivnych druhov a vegetacie, v ktorej
dominuju, prinasa informdcie a poznatky, ktoré mézu prispiet’ k ochrane Zivotného prostredia.
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Abstrakt: Hlavnym cielom predkladaného prispevku je vyhodnotit’ si¢asny stav manazmentu a stupeil zapojenia
kIa€ovych stakeholderov v Dwejra Heritage Park na Maltskych ostrovoch v kontexte ochrany prirody a krajiny.
Vyskum prebiehal v rozmedzi od 1.8. 2016 do 30.9. 2016 a od 1.2. 2017 do 31.3. 2017. Za tG¢elom naplnenia
hlavného a ¢iastkovych ciel'ov vedeckého prispevku boli pouZité metddy brainstorming, siradnicova siet’ vplyv /
zaujem (na klasifikaciu stakeholderov), diskusia a SWOT analyza. Prispevok vychadza z hodnotenia sti¢asného
stavu rieSenej problematiky, ktord sa zaobera ochranou prirody a krajiny na Maltskych ostrovoch,
medzinarodnymi strategickymi rdmcami ochrany prirody a krajiny a definovanim stakeholder manaZzmentu
chraneného tzemia. Vyskum bol zamerany na podrobné hodnotenie stakeholder manazmentu v hodnotenom CHU
a navrhu opatreni pre udrzateny rozvoj Uzemia. Medzi silné stranky boli zaradené najméa vysoka biodiverzita
uzemia podmienena rozdielnostou biotopov, kumulovany vy$8i podet endemitov flory a fauny, hodnotné
ekosystémové sluzby a vysoky kultiirny potencial z pohl'adu udrzatelnosti oblasti. Najvyznamnej$imi slabymi
strankami sU konflikty zaujmu zainteresovanych stran, absencia riadenia pohybu turistov a citlivost’ krasovej
krajiny na antropogénnu ¢innost. Predpokladanym prinosom prace je zostavenie objektivnych odporucani pre
zefektivnenie manazmentu v Dwejra Heritage Park, z ktorych najvysSia priorita bola priradena zostaveniu
kvalitného a funkéného timu vrcholového manazmentu za Géelom okamzZitej implementacie efektivneho
stakeholder manazmentu (alebo spravu a manazment CHU opit zverit Nature Trust Malta, ktora efektivnejsie
riadila zemie v rokoch 2004 — 2012 v porovnani so su¢asnym stavom manazmentu). Dal§imi navrhovanymi
opatreniami s najvysSou prioritou st urychlene zadefinovanie zon CHU a v nadvaznosti na zonaciu neodkladne
zadefinovat’ Program starostlivosti a ochrany hodnoteného CHU (zaviest’ integrovant ochranu lokality, ktora sa
povaZzuje za izemie vyznamného ekologického, geologického a historického vyznamu, nie len na narodnej ale aj
medzinarodnej Urovni).

Krucové slova: Dwejra Heritage Park, manazment, stakeholder, chranené izemie.

Abstract: The main objective of the present article is to evaluate the current state of management and the degree
of involvement of key stakeholders in the Dwejra Heritage Park in the Maltese Islands in the context of nature and
landscape conservation. The survey ran from 1.8. 2016 to 30.9. 2016 and from 1.2. 2017 to 31.3. 2017. In order to
meet the main and partial objectives of the scientific contribution, brainstorming methods, a coordinated network
of power / interest (to stakeholder classification), discussion and SWOT analysis were used. The contribution is
based on an assessment of the current state of the problem solving, which deals with nature and landscape
protection in the Maltese Islands, international strategic frameworks for nature and landscape protection and the
definition of a stakeholder for the management of the protected area. The research was focused on the detailed
assessment of stakeholder management in the evaluated protected area (PA) and the proposal for measures for
sustainable development of the area. Among the strengths included, in particular, the high biodiversity of the site
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is conditioned by the diversity of habitats, the accumulated higher number of flora and fauna endemites, valuable
ecosystem services and high cultural potential from the point of view of the area's sustainability. The most
significant weaknesses are the conflicts of stakeholder interest, the lack of tourism control and the sensitivity of
the karst landscape to anthropogenic activity. The supposed contribution of this contribution is to set up objective
recommendations for management efficiency in Dwejra Heritage Park, of which the highest priority was assigned
to assembling a quality and functional top management team to immediately implement effective stakeholder
management (or to give responsibility for PA again to Nature Trust Malta, which provided more effective
management in 2004 - 2012 as compared to the present state of the management). Other high priority measures
are to define the protected area’s zones as a matter of the highest urgency and, as a consequence of the zoning, to
define immediately the Program of Care and Protection of the assessed PA (implement an integrated protection of
the locality that is considered as an area of significant ecological, geological and historical importance not only at
national but also at international level).

Key words: Dwejra Heritage Park, management, stakeholder, protected area.
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Uvod

Lokalita Maltskych ostrovov v oblasti Stredozemného mora ich predurcuje k vysokej
biodiverzite a réznorodosti prirodnych podmienok (Tomaskinova, Tomaskin, 2013). Z dévodu
velkého poctu endemitov bola Stredozemnd oblast’ zapisand, ako jeden z 25 najddlezitejSich
svetovych hotspotov (Myers et al., 2000). Pri manazovani narodnych parkov je potrebné
prihliadat’ na $pecifickost’ jednotlivych danych uzemi - ako z pohl'adu prirodnych podmienok,
tak aj zpohladu roznorodosti urovni biodiverzity, na =zaklade ktorych poskytované
ckosystémové sluzby (protipovodiova a protierdzna ochrana, biofiltracia, produkcia O,
zadrziavanie vody v Krajine ainé.) aspominana rdznorodost Dbiotickych a abiotickych
podmienok tvori vychodisko pre zakladny ekonomicky rozvoj regionu. S tymto tvrdenim
suhlasia aj McNeely (2009), Getzner (2010), Getzner, Jungmeier, Lange (2010), Buckley
(2011), ktori uvadzaji, ze vyuzivanie ekologického kapitalu chranenych Uzemi a ich
environmentalnych sluzieb tvoria platformu primarnych ekonomickych benefitov, ktoré moze
¢lovek vyuzivat’ vo svoj prospech priamo aj nepriamo.

Integracia manazmentu narodného parku Dwejra Heritage Park vo vSetkych jeho oblastiach -
ekologickej, ekonomickej, socialnej a kulturnej dimenzie je dolezita z hl'adiska udrzatel'nosti
komplexného charakteru tohto uzemia, ktoré svojimi historickymi pamiatkami, rozmanitost'ou
biodiversity a Specifickostou prirodnych pomerov prispieva k narodného a aj medzinarodnému
prirodnému bohatstvu. Silné stranky parku ako réznorodost’ biotopov, Siroka skala moznosti
vyuzitia ekologickych aktivit alebo prilezitost’ vyuzitia $trukturdlnych fondov EU koliduja
S pytliactvom, nachylnost'ou krasového izemia na zasahy ¢loveka a obmedzenym finanénym
rozpoctom.

Cielom prace je zhodnotit sucasny stav manazmentu a stupent zapojenia klucovych
stakeholderov v Dwejra Heritage Park na Maltskych ostrovoch v kontexte ochrany prirody
a krajiny.

Metodika

Dwejra Heritage Park ma rozlohu 0,80 ha a bol zalozeny 1. aprila 2004 v rdmci projektu
LIFE03 TCY/MT/000047 pod nazvom ,,DWEJRA - Setting up the first coastal nature reserve
in Malta® (DWEJRA - Vytvorenie prvej pobreznej prirodnej rezervacie na Malte). Hodnotené
chranené Gzemie (CHU) sa nachadza v katastralnom Gzemi obce San Lawrenz na ostrove Gozo
a jeho poloha je definovana GPS suradnicami N36.050784° E14.182402°.

Hodnotenie stakeholder manazmentu v Dwejra Heritage Park na Maltskych ostrovoch sme
realizovali pocas odbornych stazi v Nature Trust Malta (NTM) v obdobi 1.8. - 30.9.2016 a 1.2.
- 31.3. 2017.

V ramci vyskumu bol zadefinovany nasledovny metodologicky postup:

1. Identifikacia stakeholderov (metédou brainstorming).

2.  Kuvalifikacia stakeholderov a analyzovanie kl'ucovych stakeholderov (metédou
suradnicova siet’ vplyv / zaujem Obr. 1).

3. Hodnotenie stupna zapojenia kI'acovych stakeholderov do riadenia Dwejra Heritage Park
(metddou diskusie so zastupcami (NTM) jednej z troch hlavnych organizécii zapojenych
do manazmentu rieSeného CHU, stupefi zapojenia stakeholderov sme hodnotili
Stvorstupniovou Skalou v rozpiti od ,,vysoky* (maximalne mozné zapojenie) po ,,vel'mi
nizky* (hrani¢iaci s nezaujmom).

4.  Identifikdcia su¢asného stavu manazmentu v hodnotenom CHU (metédou SWOT
analyza).

5. Navrh odporucani na zefektivnenie manazmentu v Dwejra Heritage Park.
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Metdda stradnicova siet’ vplyv / zdujem zohladiiuje Styri kvadranty siete, ktoré moézu byt
definované ako Styri kategorie zainteresovanych stran (Obr. 1). Zucastnené strany v hornych
dvoch kategoriach su subjekty s najvacsim podielom (t.j. s vysokym "zaujmom") v manazmente
CHU, ale s roznym stupiom vplyvu: ti na pravej strane maja viac schopnost’ ovplyviiovat
stratégiu manazmentu (t.j. majua "vplyv"). Takze "Hraci" su tie zainteresované strany, ktoré
maju tiez vysoky stupen vplyvu/moci podporovat’ (alebo sabotovat’) stratégie manazmentu,
zatial’ ¢o "subjekty" maji zdujem, ale maji mensi vplyv. Dve nizsie kategorie mozno povazovat’
skor za "potencialne" zainteresované strany, ktoré este ,,neprejavili vel'a zaujmu. "Nastavovace
kontextu" moézu mat’ vysoky stupeit vplyvu/moci nad budicnostou, najmd z hladiska
ovplyvilovania buduceho kontextu, v ramci ktorého budu stratégie fungovat’, zatial’ ¢o posledny
kvadrant je "Dav" (v sucasnosti) nemaji zaujem a ani pravomoc/vplyv/moc ovplyviiovat’
strategické vysledky. (Ackermann, Eden, 2011)

A »oubjekty* HHraci
nizky vplyv vysoky vplyv
vysoky zaujem vysoky zaujem
N
2‘ =de ]
— LDav® »Nastavovace
E kontextu®
nizky vplyv vysoky vplyv
nizky zaujem nizky zaujem
>
vplyv

Obr 1 Metoda saradnicova siet’ vplyv / zaujem (Zdroj: Ackermann, Eden, 2011).
Fig 1 Coordination network power / interest method (Source: Ackermann, Eden, 2011).

Hodnotenie sti¢asného stavu manaZzmentu sme realizovali identifikaciou silnych a slabych
stranok a prilezitosti a hrozieb v sdvislosti s hodnotenym chranenym Uzemim ato
prostrednictvom SWOT analyzy, ktoru sme zamerali na perspektivu ochrany, a to tak z
ekologického ako aj zo socidlno-eckonomického hl'adiska v kontexte udrzatelného rozvoja
(Scolozzi, Schirpke, Morri, D'Amato, Santolini, 2014). V pripadovej studii sme na zaklade tejto
analytickej metody pouzili 3-krokovy pristup k hodnoteniu tzemia NATURA 2000, vratane:

e Krok 1: Rozhodnutie o tom, ¢o sa ma porovnat’ (vyber dimenzii (ekologicka a socialno-

ekonomicka).

e Krok 2: Identifikécia internych a externych kl'icovych faktorov pri kreovani efektivneho
manazmentu (vnatorné faktory (silné a slabé stranky) Zivotného prostredia a dynamiku
lokality, a taktiez aj vonkajsie faktory (prilezitosti a hrozby).

e Krok 3: Navrh odportcani na zefektivnenie manazmentu.
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Vysledky a diskusia

S myslienkou zalozit CHU s komplexnou ochranou, ktora by zastreSovala prirodné a aj
kultrne dedi¢stvo prisla neziskova organizacia Nature Trust Malta (NTM), ktora sa podujala
vypracovat’ projektovy zamer. Hlavnym partnermi projektu boli neziskové organizacia NTM,
ako hlavny koordinator spolu s Narodnou agentirou pre zivotné prostredie a planovanie na
Malte (MEPA) a WWF Taliansko ako skdseny partner v oblasti spravy lokalit NATURA 2000
a zaroveti aj jeden z hlavnych partnerov projektu. Dalsi dvaja kI'a¢ovi stakeholderi boli zapojeni
od samého zaciatku projektu a to je Ministerstvo pre Gozo (ostrov Gozo mé samostatnu tzv.
regionalnu vladu v podobe Ministerstva Gozo) a Miestna samosprava San Lawrenz ako
samosprava, v ktorej katastrdlnom Gzemi sa Dwejra nachadza.

Oblast’ Dwejra je vyznamnou lokalitou pre svoju jedine¢nost’, ktora spociva v jej komplexe
geologickych, geomorfologickych, ekologickych, archeologickych, historickych a estetickych
zdujmov Vyznacuje sa Sirokou diverzitou krajinnej Struktary, z ktorej najvyznamnejSie su
vapencove utesy a séria velkych udoli, ako aj mnozstvo pobreznych znakov erdzie, suchych
rie¢nych dolin a do¢asnych rybnikov. Dwejra bola z tychto dévodov zaradena do néarodne;j a aj
medzinarodnej site CHU (chranené vtadie iizemie s registraénym kodom MT0000019 v ramci
NATURA 2000) a je najviacSou susediacou chranenou pevninskou a morskou oblastou na
Malte. Téato lokalita v priebehu rokov degradovala kvoli velkému vplyvu antropologicke;j
¢innosti, rozvoju cestovného ruchu a aktivnej tazby vapenca. V tejto lokalite sa nachadzaju aj
nelegélne stavby spolu s nelegalnymi skladkami a inymi negativnymi antropologickymi
zasahmi, z ktorych vSetky prispievaji k poskodeniu tejto vzacnej Casti krasovej krajiny.

Dwejra Heritage Park je navstevovany verejnostou bez akejkol'vek kontroly alebo
riadenia navstevnikov. Hodnotené CHU je povazované za tretie najoblibenejsie miesto
v Stredomori aro¢ne ho navstivi 850 000 turistov (narodnostné zloZenie tvori vécSinou
anglicania, nemci, francUzi a taliani) spolu s d’al$imi 100 000 obyvate'mi Maltskych ostrovov,
ktori pridu na miesto pre zabavu a odpocinok a potdpanie; ¢o znamena d’alSich 60 000
navstevnikov za rok. Turisti prichddzaji na miesto verejnou dopravou (autobusmi), zatial’ ¢o
miestni obyvatelia navStevuji oblast’ na autach, ktoré nahodne zaparkujia kdekol'vek na mieste.
Je zname, Ze viac ako 60 % turistov, ktori navstivia Maltské ostrovy, navstivia aj oblast Dwejra
a to véacsinou pocas jednodnovej navstevy ostrova Gozo. Ako nahle sa navstevnici na mieste
nachadzaju, tak prechadzaju celou touto chranenou oblastou bez riadneho vedenia alebo
dohl’'adu spravou parku.

Vysledkom absencie zavedenia akéhokolvek navstevného poriadku v CHU je &asté
poskodenie vzacnych fosilnych loZisk, zaroven aj celkového nicenia flory a fauny v oblasti.
Intenzivna antropologicka ¢innost’ tieZ prispieva k zvysenej erdzii (v tejto oblasti je vel'mi nizky
podny profil 0,03 — 0,6 cm), spolu s ¢astym poskodenim morskej ekologie a fosilnych lozisk.
Najviac nav$tevovanou prirodnou pamiatkou vV lokalite bolo ,,Azure window* a mnohi
navstevnici sa ¢asto prechadzali po jeho vrchole, ¢o prispelo k zrychlenej erozii vapenca a jeho
naru$eniu a VvV koneénom dosledku k celkovému kolapsu a zrdteniu do mora tohto 28 m
vysokeho prirodného Utvaru (kolaps a zratenie nastalo po silnej burke dia 8. marca 2017 o 8.40
hod. miestneho c¢asu). S absenciou akéhokol'vek manazmentu a zavedenia Programu
starostlivosti o0 CHU sa zvysuje aj nelegalne skladkovanie odpadu v riesenej oblasti. Urad pre
zivotné prostredie a planovanie na Maltskych ostrovoch (MEPA) sice podnikol pred
niekol’kymi rokmi urcité kroky na zastavenie ilegalneho skladkovania v oblasti, ale bez
zavedenia prisnej kontroly a sankcii je ich eliminacia stale ve'mi pomala.

Niektoré z kametiolomov nachadzajtice sa v blizkosti CHU, pdsobia mimo povolenych limitov,
dodnes sposobuju vibracie pri tazbe vapenca a emituju jemné Castice, ktoré vznikaju pri ich
¢innosti. Tieto Castice su Casto pric¢inou ekologického poskodenia oblasti. Tieto lomy maju
vSeobecne vel'mi negativny vplyv na ekologicku, ale aj esteticki hodnotu danej oblasti. Je
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potrebné vsak zdoraznit, ze Maltské ostrovy maji zavedenu prisnu legislativu spojenti so
zachovanim charakteristického vzhladu obci a miest a tak musia pri rekonstrukcii a stavbe
budov dodrziavat’ tradicné postupy a zachovavat’ tradicny vzhl'ad domov a budov. Na tieto
ucely je jedinym vhodnym stavebnym materidlom vapenec z tejto lokality ato pre vsetky
Maltské ostrovy, nielen pre ostrov Gozo. Potreba udrZzate'ného riadenia lokality je zjavna.

Charakteristika hodnoteného Gzemia:

sposob manazmentu: integrovany manazment pod vedenim OZ Nature Trust Malta (2004
—2012); od roku 2012 presla sprava hodnoteného CHU pod miestnu samospravu obce San
Lawrenz

podrobnosti o spolocnej prdci / cinnosti v kontexte zapojenia do ekologickych sieti:

NTM, ako najstarSia ekologickd mimovladna organizacia na Maltskych ostrovoch
zaoberajuca sa ochranou biodiverzity volne zijucich druhov a biotopov (zko
spolupracovala astale spolupracuje s WWF a prostrednictvom siete mimovladnych
organizécii aj v ¢lenskych $tatoch EU, kde sa zameriava aj na rieSenie spoloénych otazok
programu Natura 2000. Uvedené dlhoro¢né skusenosti a odborné spdsobilosti sa prejavili
aj na kvalite a efektivnosti manazmentu v oblasti Dwejra pocas rokov ked bolo CHU
v sprave NTM.

Sucasny manazment nedisponuje dostatoénym mnozstvom kvalifikovanych a skusenych
manazérov a zameriava sa vi¢§inou na zapojenie hodnoteného CHU do ekonomickych
a socialnych sieti v kontexte podpory lokalnej ekonomiky. Absencia efektivnejSicho
zapojenia do roznych ekologickych sieti sa prejavuje v nedostato¢nej ochrane biodiverzity
a vzacnych biotopov.

antropogénna_cinnost/aktivity na mieste. cestovny ruch, rekreacia, rybolov, potépanie,
tazba, lov / pytliactvo, vybrané ¢innosti/aktivity pol'nohospodarstva.

prioritne chranené druhy uvadzame v Tab. 1.
prioritne chranené biotopy uvadzame v Tab. 2.
profil zainteresovanych skupin a ich troven zapojenia v manazmente uvadzame v Tab. 3.

komunikacny profil manazmentu: Komunika¢na stratégia je v sucasnosti nekoordinovana
ana vel'mi nizkej urovni, nakol’ko Miestna samosprava San Lawrenz méa obmedzené
ludské zdroje a nema vyhradeny persondl, ktory by tuto stratégiu koordinoval
a zabezpectoval jej efektivnu implementaciu. Cinnosti stvisiace s komunikaénym profilom
riadenia CHU v kontexte ochrany deleguji na jednotlivych pracovnikov a pridel'uji
jednotlivé prioritné Ulohy, ked’ je potrebné ich akutne rieSit. V sucasnosti prebieha iba
nevyhnutna komunikécia s byvalym spravcom Gzemia Nature Trust Malta a sa tak otazky
ochrany prirody a krajiny dostavaju na okraj ich zaujmu.

Komunikaény profil zahfia aktivity/¢innosti a spbsoby komunikacie so stakeholdermi:

v

v
v

propaga¢né a vzdelavacie materidly (farebné letdky, publikacia, DVD ainé (napr.
vzdelavacie navstevy, sprievodcovskeé sluzby na poziadanie);
vyuzivanie sezonnych pracovnikov / dobrovolnikov;
zadefinované ciel'ové skupiny pre komunikéciu:
verejnost’,
vyskumni a vedecki pracovnici,
stakeholderi TOP manazmentu CHU,
ostatni manazéri v Uzemi (zdruZenia farmarov, rybarov, pol'ovnikov),
lokalna komunita,
° navitevnici CHU;
manazment nemd vyhradenu samostatni komunikaénti stratégiu pre program Natura 2000;
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v" komunikaéné kanaly v podobe centralnej webovej stranky ostrova Gozo (absencia webovej
stranky CHU), printové materialy (letaky a iba jeden druh publikécie, ktory nie je bezne
dostupny a d& sa v sti¢asnosti zakupit’ iba v Centre udrzatel'ného rozvoja Xrobb L-Ghagin,
ktoré je v sprave NTM), informa¢né kampane v médiach.

Tab 1 Zoznam prioritne chranenych druhov v Dwejra Heritage Park
Tab 1 List of priority protected species in Dwejra Heritage Park

Kéd druhu Latinsky nazov Anglicky / miestny nazov
4079 Cremnophyton lanfrancoi Maltese Cliff Orache
4083 Helichrysum melitense Maltese Everlasting

Tab 2 Zoznam prioritne chranenych biotopov v Dwejra Heritage Park
Tab 2 List of Priority Protected Habitats in Dwejra Heritage Park

Kéd biotopu Anglicky / miestny nazov

1120 * Posidonia beds (lI-Port)

1150 * Coastal lagoons (Qawra)

3170 * Mediterranean Temporary Ponds

(* oznacuje prioritné biotopy)

Tab 3 Hodnotenie zapojenia stakeholderov v Dwejra Heritage Park

Tab 3 Assessment of engagement in Dwejra Heritage Park

Skupina stakeholderov Uroveii aktivity

vysoké <— —> vel’mi nizka

Miestna vlada (ostrova Gozo)
Centralna vlada (Malstkych ostrovoch)
Vyskumné timy
Stkromni majitelia pody
Zelené mimovladne organizécie
Stkromny sektor
Sukromni jednotlivci

Pol'nohospodari/farmari
Rybaéri

Polovnici

Rekreacné skupiny

V hodnotenom CHU, ktory ma vysoky potencial z hladiska environmentalneho kapitalu,
mozeme na zaklade vysledkov vyskumu konsStatovat’, Ze bola zna¢ne podcenend komunikacia
a participacia kI'i€ovych skupin stakeholderov v manazmente, nakol’ko v sti€asnosti prevlada
nizka a strednad aroven zapojenia kIiCovych stakeholderov (Tab. 3). Na zaklade vyskumu
Tomaskinovej (2013) moézeme konstatovat’, e zmena spravy hodnoteného CHU ma negativny
dopad na efektivnost’ riadenia parku, nakol’ko stupeni zapojenia strategickych stakeholderov sa
V stcasnosti znizil oproti hodnoteniu z roku 2013. Tomaskinova (2013) uvadza, Ze napriek
podceneniu identifikéacie a participacie kl'aCovych skupin stakeholderov v iniciaénych fazach
integrovaného manazmentu, (nakol’ko neboli v tychto fazach manaZmentu zapojené vSetky
skupiny kl'ai¢ovych stakeholderov), bol vSak stupei ich zapojenia na vel'mi vysokej urovni.

71



ACTA UNIVERSITATS MATTHIAE BELII series Environmental management, Vol. XX., No. 1, 2018

SWOT analyza su¢asného stavu manaZmentu:

Silné stranky:

vysoky ekologicky potencial (vysokd biodiverzita Uzemia podmienena rozdielnost'ou
biotopov (vapencové ploSiny, jaskynné ftutesy, sutiny balvanov, morské pobrezie),
kumulovany vyssi pocet endemitov flory a fauny);

hodnotné ekosystémové sluzby;

ochrana avifauny — vyhlasené chranené vtacie uzemie NATURA 2000;

vysoky kultarny potencial (Veza Dwejra, archeologické nalezy z doby bronzovej, atd’.);
velmi dobra propagicia CHU na Maltskych ostrovoch (jedno z najznamejsich miest
turistickych lokalit na ostrovoch);

bohaty potencial vyuzitelnosti v rdmci udrzatelného turizmu (potapanie, pesi turizmus,
pozorovanie fauny a flory, etnoturizmus);

vel'mi dobra infrastruktira verejnej dopravy;

komplexny systém ochrany zahriiujici prirodné a kultirne dedi¢stvo zaradenim
hodnoteného CHU do narodnej siete Heritage Park;

ponuka sprievodcovskych sluzieb;

organizovanie vychovno-vzdelavacich aktivit pre Studentov, Siroku verejnost’ a turistov
zameranych na zvySovanie povedomia o prirodnych a kulturno-historickych hodnotach
Uzemia;

aktivne zapojenie neziskovych a medzivladnych organizécii do manazmentu a ochrany
CHU (napr. Nature Trust Malta);

realizovanie vedecko-vyskumnych aktivit pod dohl'adom expertov;

nau¢ny chodnik zahriiujuci komplexné informacie o prirodnom a kultdrnom potencialy
Uzemia;

realizovanie dobrovol'nickych aktivit praktickej ochrany (zber odpadkov, sprievodcovské
sluzby);

rozmanitost a etnické bohatstvo v lokdlnych oblastiach s tradicnou kuchynou
a regiondlnymi Speciality;

ponuka lokalnych produktov.

Slabé stranky:

sprava CHU je pod vedenim Mestského zastupitel'stva obce San Lawrenz, ktoré
nedisponuje odbornikmi s dostatoénymi praktickymi skusenostami z odboru ochrany
prirody a krajiny,

konflikty medzi zainteresovanymi stranami - environmentalne, obchodné a osobné zaujmy
(privétne vlastnictvo pady),

vzacna krasova krajina, ktora je vel'mi citliva na akykol'vek antropogénny zasah,

miestny podnikatelia nelegalne upravujii rozlozenie parku napr. vyuZitie vybuSnin za
ucelom umelého zviacSovania vchodov do jaskyn (silné vibracie po vybuchu mohli viest’
k rychlejsiemu kolapsu a naslednému zruteniu PP Azure Window),

rusivé zdroje v ramci lokality (nekontrolovany vysoky pocet navstevnikov, atd’.),
absencia zadefinovania z6n ochrany v CHU,

absencia implementacie akéhokol'vek Programu starostlivosti CHU,

absencia riadenia pohybu turistov v celom areali parku (turisti sa pohybuju bez obmedzenia
a akejkol'vek kontroly,

povoleny pristup osobnej dopravy pri¢om nie si vyhradené parkovacie miesta a nie je
zavedena ziadna kontrola,
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interna fragmentéacia CHU v dosledku konfliktov zaujmov,
degradacia biotopov a scénického majetku,

aktivna a neprimerana ¢innost’ lomov na t'azbu vapenca,
nelegélne skladkovanie odpadu,

nelegélna stavba budov bez kontroly a stavebnych povoleni.

Prilezitosti.

existencia legislativneho ramca, ktory umoziiuje implementovat’ zvySenu ochranu
hodnoteného CHU (CAP 549 Zakon o0 ochrane Zivotného prostredia na Maltskych
ostrovoch, subsidiarny zakon 549.44 o ochrane flory, fauny a prirodnych biotopov na
Maltskych ostrovoch);

zadefinovanie a nasledné implementovanie Programu starostlivosti CHU;

zachovanie prirodnych ekosystémov a snaha o znizenie negativnych antropogénnych
vplyvov;

zavedenie komunikacnej stratégie s kI'aCovymi zainteresovanymi stranami;

zadefinovanie stratégie spoluprace so zainteresovanymi stranami;

moznost’ vyuZzitia financovania z Eurdpskych fondov a narodnych grantovych schém
zameranych na ochranu prirody a krajiny;

(ekologické a socialna) podpora udrzby lokality;

ochrana pred antropogénnou c¢innostou poskodenych casti lokality, ktoré na tzemi
zapriCinili sekundarnu sukcesiu (vyznacené turistické trasy, likvidacia nepdvodnych
druhov, atd’.);

charakteristika lokality, ktora posilituje biodiverzitu ekosystémov (napr. ktoré st sucastou
SirSej ekologickej siete);

charakteristika okolia oblasti, ktord podporuje toky sluzieb (napr. blizkost' cielovych
prijemcov);

potencial lokality, ktory podporuje ekonomick dimenziu (CHU je turistickou atrakciou);
umiestnenie lokality a jej prirodny a kulturny potencidl, ktory podporuje implementovanie
foriem udrZatel'ného turizmu v kontexte najvys$sej moznej ochrany hodnoteného CHU;
rast zaujmu obyvatel'ov o environmentalnu problematiku;

ziskat’ silni podporu lokalneho obyvatel'stva pre potreby implementovania udrzatenych
foriem Sportovych aktivit aturizmu scielom zabezpe€it' najvy$$iu moznu ochranu
biodiverzity a biotopov;

zvysenie urovne udrzby v oblasti;

obnova Uzemia, ktoré sa povaZzuje za uzemie vyznamného ekologického, geologického a
historického vyznamu;

diverzifikacia produktov a sluzieb ekoturistiky, ktoré pom6zu generovat’ viac prijmov pre
lokalne obyvatel’stvo (priamo pomdZzu pri vytvarani pracovnych miest v prospech miestne;j
komunity a ta ziska pozitivnejsi vztah k ochrane tejto lokality);

vysoky medzinarodny zaujem o ekoturistiku, agroturistiku, vidiecku turistiku, dobrodruzna
turistiku;

podnebie priaznivé pre turistickt ¢innost’ pocas celého roka;

moznost’ prilakat’ turistov vyuZitim prirodného, ale aj historického a kultirneho dedicstva.
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Ohrozenia:

zvySenie urbanizéacie / priamejSie narusenia (napr. znecistenie, vyrusovanie aktivitami
'udi);

intenzifikacia polnohospodarstva (intenzivnejSie polnohospodarstvo / priamejsie
naruSenie biodiverzity (napr. zne€istovanim, extrakcia vody);

pytliactvo, ktoré je na Maltskych ostrovoch t'azko kontrolovateI'né aj napriek malej rozlohe
Uzemia;

nereSpektovanie vyznacenej turistickej trasy, vstupovanie na pobrezie a narusovanie
pobreznej infrastruktiry (podpora erdzie vapenca, otrasy) a okolitej bioty;

konflikty zaujmov medzi zainteresovanymi stranami - environmentalne, obchodné a
0sobné zaujmy;

charakteristika vyuzivania lokality, o by mohlo znizit' biodiverzitu ekosystémov a ich
odolnost’;

vyskytujuce sa prvky v prostredi, ktoré by mohli znizit’ toky ekosystémovych sluzieb (Casto
sa vyskytujice nelegalne skladky odpadov a zvySenie intenzity pol'nohospodarskeho
vyuzivania okolitej pddy (napr. v sucasnosti sa implementuje projekt Eko-Gozo, ktory
bude mat’ za nasledok aj zintenzivnenie pasenia oviec a koz, nakolko ov¢i a kozi syr je
tradicnym farmarskym produktom na Maltskych ostrovoch);

nadmerné vyuzivanie alebo opustenie prirodnych aktiv;

nedostatok zaujmu samospravy o environmentalnu problematiku.

Odporucania na Zefektivnenie manaZmentu:.

zostavit' kvalitny a funkény tim za Ucelom okamzitej implementacie efektivneho
stakeholder manazmentu alebo spravu a manazment CHU opit’ zverit NTM;

urychlene zadefinovat’ zonaciu CHU;

zadefinovat’ Program starostlivosti a ochrany hodnoteného CHU (zaviest integrovanu
ochranu lokality, ktord sa povazuje za izemie vyznamného ekologického, geologického a
historického vyznamu);

vytvorit’ subsidiarne plany, ktoré zabréania parcialnym slabym strankam v tom, aby ohrozili
strategické planovanie ochrany vzhl'adom na vonkaj$ie hrozby;

vytvorit’ rdmec pre environmentdlne riadenie umoziujiuce efektivnu spolupracu medzi
vladnymi agenturami, inStitaciami, miestnymi komunitami a zainteresovanymi stranami;
vytvorit’ efektivne spojenectvo vSetkych zainteresovanych strdn v tejto oblasti (vytvorit’
uzs§i ramec spoluprace veduci k lepSej sprave oblasti prostrednictvom stretnuti, seminarov
a workshopov);

podporovat’ rozvoj medzinarodnych aktivit na podporu spoluprace v oblasti vyskumu
a vyvoja rozvoja udrzateI'nych foriem turizmu;

investovat’ do zlepSenia zabezpecenia ochrany lokality (vytvorit' riadené parkovacie
plochy, obmedzit" vstup motorovych vozidiel len pre pracovnikov a zasobovanie);
zaviest’ profesionalnu straznu sluzbu v hodnotenom CHU (zabezpeéit ochranu oblasti
parku v ¢o najvicsej miere mimo turistického chodnika, predovsetkym z dévodu ochrany
pred eroziou);

zaviest' do prevadzky niekolko ochranarskych stanic na zabezpecenie zvySenej ochrany
7P a hliadok s cielom zlepsit’ kapacitu ochrany;

zvysit financovanie vedeckého vyskumu v hodnotenej oblasti s cielom znizit’ negativne
dopady;

integracia planu nakladania s odpadom do environmentalneho vzdelavania a planovanie
pravidiel a nariadeni pre nakladanie s odpadom pre névstevnikov;
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e zvysit vyuzivanie finanénych zdrojov z eurofondov;

e vytvorit’ strategické plany aktivit ekologického vzdelavania a ekologického cestovného
ruchu pre lokalne obyvatel'stvo a klI'ai¢ovych stakeholderov;

e propagéicia spolocenskej a ekologickej hodnoty Uzemia v snahe o pozdvihnutie
environmentalneho povedomia a ziskavanie novych finanénych partnerov;

e vytvorit’ minimalny plan vstupného na zlepsenie zékladnych manazmentu ochrany;

e podporit’ kvalitné produkty a sluzby cestovného ruchu s dérazom na atrakcie v oblasti
ekoturizmu, ruralneho turizmu a etnoturizmu.

Vysokl prioritu pre zavedenie navrhovanych opatreni si vyzaduje aj oblast’ vyskumu a
monitoringu. Vedecky vyskum by mal napomoct’ vSetkym chranenym oblastiam, najmi vSak
tym s prisnou ochranou (Dudley, 2008). Tu odporaame vytvorit’ najprv profil vedenych
a planovanych vyskumov, vytvorit koncept a v neposlednom rade zaradit’ efektivny monitoring
prebichajucich vyskumnych aktivit. KIa¢ovym vtomto kontexte je aj vypracovanie
regionalneho finan¢ného planu v spolupraci so strategickymi stakeholdermi a zabezpecit’ jeho
implementéciu, aktualizciu a monitoring. Odporacame vytvorit' informa¢na platformu pre
tento ucel. Pre rozvoj regionu a CHU je tiez velmi potrebné uzatvaranie novych a udrziavanie
uz existujucich partnerstiev, spoluprac a aliancii (zdruZeni). Pre vymenu informacii a zdrojov
je nevyhnutné udrziavat’ s partnermi pozitivne vztahy (McKercher, 2003, Miainardes, Alves,
Raposo, 2012, Mittermeier, 2014). Celému procesu rozvoja regioénu prospeje aj vytvorenie a
propagécia vlastnej obchodnej znacky, pod ktorou sa vyrobky a sluzby budu ponukat. Na
zaklade vysledkov hodnotenia navrhujeme zamerat’ sa pri definovani Programu starostlivosti
0 hodnotené CHU aj na kontrolu efektivnosti manazmentu. V tomto kontexte je tiez dolezité
spravne zadefinovanie indikatorov uspechu pre aktivitu hodnotenia efektivnosti manazmentu
ako ukazovatele progresu a efektivneho implementovania tohto nastroja, s ¢im shvisi
monitorovanie a nasledné testovanie (Nolte et al., 2010, Von Meding et al., 2013).

Zaver

S rastucou populaciou rastie aj spotreba prirodnych obnovitel'nych ¢i neobnovite'nych zdrojov
a vyuzivanie ekosystémovych sluzieb v kontexte upokojovania potrieb. Z tohto dévodu je
narast poctu chranenych Uzemi logickym rieSenim, ako udrzat’ stabilitu ekosystémov, ich
biodiverzitu a siroku Skalu ekosystémovych sluzieb, ktoré l'udia vyuzivaju. Dolezitym
faktorom v rozvoji a zakladani chranenych Gzemi je aj konflikt zaujmov zainteresovanych
strdn, environmentéalne, ekonomické a osobné ziaujmy klacovych stakeholderov daného
Uzemia.

Medzi najsilnejsie stranky hodnoteného CHU mézeme jednoznacne zaradit’ vysoky ekologicky
potencial z pohladu udrzatel'nosti a ekologickej stability. Bohatii biodiverzitu dokazuje aj
vysoky poéet druhov flory, fauny a endemitov, ktoré toto unikatne prostredie poskytuje. Dalsou
silnou strankou je bohaty potencial vyuzitel'nosti v ramci udrzatel'ného turizmu, kde tato krajina
poskytuje aj vysoky kultarny potencial a Siroky okruh moznosti pre ekoturizmus (ako potépanie
spojené s pozorovanim morského prostredia, pe$i turizmus spojeny s pozorovanie jedine¢nej
fauny aflory) aetnoturizmus (velkda ponuka aktivit spojend s prezentovanim miestnych
tradicii, zvykov a kulinarskych $pecialit (napr. miestne festivaly). Pozitivom su aj casto
organizované vychovno-vzdelavacie aktivity pre Studentov, Sirokd verejnost’ a turistov, ktoré
sa realizuji pod vedenim skusenych odbornikov a st spajané s aktivnym zapojenim Sirokej
verejnosti do praktickej ochrany (ako napr. zber odpadkov) alebo nepriame komplexné
informacie o prirodnom a kultGrnom potencialy Gzemia na paneloch nau¢ného chodnika.
Vysledky SWOT analyzy poukazujd na nedostato¢n efektivitu manazmentu, ktorti je potrebné
posilnit. Hlavnymi problémami manazmentu Dwejra Heritage Park su vo vSeobecnosti sprava
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chraneného uzemia, ktora je pod vedenim zastupitel'stva obce San Lawrenz (vo vedeni chybaju
kvalifikovani odbornici v kontexte ochrany prirody a krajiny s dostato¢nymi praktickymi
skiisenost'ami), absencia zadefinovania zon a absencia Programu starostlivosti o CHU. Chybaju
efektivne nastroje na monitoring indikatorov dosiahnutia cielov a celkového hodnotenia
vstupov a vystupov, ¢o tvori po investoroch a dotaciach zakladny ekonomicky ramec parku. Je
potrebné sa tieZ zamerat’ na rozvoj regionu, odstranit’ problémy s pytliactvom a nadviazat
partnerstvo s lok&lnymi a regionalnymi dodavateI'mi produktov a sluzieb, ktoré moze park
vyuzit’ v prospech udrzate'nych foriem turizmu. Pre implementovanie kvalitného a efektivneho
manazmentu je potrebné zvysit socidlnu kvalifikdciu pracovnikov a nadviazat’ spolupracu
v sieti ostatnych chranenych Gzemi na ostrove aj v Eurdpe, vynalozit’ prostriedky na spolo¢nu
synergiu.

V zaujme zefektivnenia manazmentu parku navrhujeme zostavit' kvalitny a funkény tim
vrcholového manazmentu parku za ucelom implementacie efektivneho stakeholder
manazmentu alebo spravu opat’ zverit’ Nature Trust Malta, ktoré spravovalo Uzemie s vy$Sou
efektivitou manazmentu v kontexte ochrany prirody akrajiny vrokoch 2004 - 2012.
Nevyhnutnou podmienkou pre zlep$enie manazmentu v hodnotenom CHU je urychlene
zadefinovanie zonacie CHU a v nadviznosti na fiu, aj okamzité sformulovanie a zavedenie
Program starostlivosti a ochrany prirody a krajiny. Déraz kladieme na vytvorenie efektivneho
spojenectva vsetkych zainteresovanych stran a vytvorenie ramca pre environmentalne riadenie
umoznujuce efektivnu spolupracu medzi vlddnymi agentirami, institiciami, miestnymi
komunitami a zainteresovanymi stranami. V otazke finanénych zdrojov je mozné riesit’ deficit
nie len zintenzivnenim vyuzivania finan¢nych zdrojov z eurofondov, ale aj zavedenim
poplatkov pri navSteve uzemia a vytvorenim strategickych planov aktivit ekologického
vzdelavania a ekologického cestovného ruchu pre lokalne obyvatel'stvo a zainteresované
strany.
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Abstrakt: Clanok popisuje identifikiciu ludskych chyb pri  redlnom postupe pracovnikov poéas opravy
elektromotora v atdmovej elektrarni. Metddou partnerskej kontroly pri riadenej Cinnosti bolo hodnotené
dodrziavanie zdsad bezpecnosti prace nestrannym pozorovatelom. Cielom bolo zistit chybovost ludského
Cinitela. Ako nastroje zistovania odchylok od $tandardného postupu pri oprave elektromotora boli pouzité
koucing a pozorovanie. Boli identifikované viaceré zlyhania fudského Cinitela. Opatrenia na uplatnenie nastrojov
na prevenciu fudskych chyb boli zaloZzené na preskolovani a sebauvedomovani sa nespravnosti postupov
zamestnancov v désledku objektivnych aj subjektivnych pricin. Uplatfiovanym nastrojom v prostredi atdmovych
elektrarni je implementdacia metdd efektivneho koucingu, kontrola manazmentom, ¢im sa dosahuje poZzadovana
zmena spravania sa a uvedomenie si osobnej zodpovednosti pracovnikov za kvalitne a bezpecne vykonanu pracu.

Kluc€ové slova: [udsky faktor, chyba, Udrzba, prevadzkova bezpeénost, pozorovanie, kouding

Abstract: The article describes the identification of human errors in the real work during the repair of an electric
motor in power plant. These processes are managed by internal regulations, technological procedures and the
implementation step process in which human factor contributes. The partner control method for managed
activity has been assessed to observe the principles of work safety by an impartial observer. The aim was to
identify human error factor. Couching and observation were used as tools to identify the deviations from the
standard procedure when repairing the electric engine. Human factor errors were identified. The measures for
applications of the tools to prevent human errors were set up on retraining and self-perception of the incorrect
procedures of the employees due to objective and subjective reasons. The implementation of methods of the
effective couching and the control from the management are the measures in the area of nuclear power stations
and, thus, they lead to achieve desirable behaviour change and awareness of the personal responsibility for
quality and safe work performed by the staff.

Key words: human factor, error, electromotor, maintenance, operational safety, observation, coaching
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Uvod

Otazkam bezpecnosti jadrovych elektrarni je venovana taka pozornost’ ako maloktorej inej
oblasti I'udskej ¢innosti. Je to sposobené predovsetkym fyzikalno-chemickym procesom, ktory
prebieha v jadrovom reaktore - Stiepenim jadrového paliva. Aby Stiepenie bolo vyuziteI'né, musi
byt v ktoromkol'vek okamziku ovladatené. Stiepna reakcia je zdrojom tepla, ktoré treba

odvadzat. Ovladanie Stiepnej reakcie a zabranenie Uniku radioaktivnych latok su zakladnymi
principmi bezpecnosti (IAEA a), 2002; Horbaj, 2008).

Opatrny, starostlivy a konzervativny pristup k problémom a vyuZzivanie sksenosti vlastnych i
cudzich st zékladnymi zasadami kultary bezpecnosti (Turek, 2012). Kultira bezpec¢nosti sa
tyka najmd vychovy a uvedomelosti vSetkych jednotlivcov, ktori su zapojeni do Cinnosti
majucich vplyv na bezpeénost’ JE (Garcia-Herrero et al, 2013). Ako vystraha pre l'udstvo su v
tomto smere havarie, ktoré sa stali v americkej elektrarni Three Mile Island (Fleming, 1982),
ale hlavne v ukrajinskej elektrarni Cernobyl’ (Simopoulos, 1991) a elektrarni Fukushima
v Japonsku (lida, 2013). Tieto udalosti zaktivovali odbornt i laicka verejnost’. VSetky jadrové
elektrarne boli podrobené bezpecnostnym previerkam a boli zrealizované opatrenia na zvysSenie
ich spol'ahlivosti vratane spolahlivosti 'udského ¢initel’a, ktory sa vyznamnou mieru podpisal
pod dbsledky havérii (Joskow & Parsons, 2012; Gertman, 2005).

Pojem l'udské spolahlivost’ sa v jadrovych elektrariach zacal intenzivnejsie skloniovat’ v roku
2010. Vtedy bol odstartovany ,,projekt pre dosiahnutie excelentnej vykonnosti®, ktorého
jednym z ciel'ov bolo zvysit’ I'udska spolahlivost, znizit' vyskyt I'udskych chyb (Verma et al,
2010).

Bezpecnost, spolahlivost’ a funkcénost’ zlozitych technologickych systémov je nevyhnutnou
podmienkou pred neziaducimi prevadzkovymi udalostami. Statisticky prave ¢lovek sa podiel’a
az 80 % na takychto udalostiach. Hlavne v podmienkach jadrovych elektrarni si aplikované
programy na prevenciu l'udskej chyby. Eliminacia chyb ¢loveka je nevyhnutnd v celom
zivotnom cykle zariadeni, nevynimajic ani udrzbu (Turekova, 2016).

Chyba ¢loveka moze byt priamou pricinou udalosti — nie je v§ak korefiovou pricinou udalosti.
Chyba je netimyselnd a nie je vyvoland nedostatoénou motivaciou. K chybam dochédza
najcastejsie pri neStandardnych situaciach ku ktorym radime aj Gdrzbu zariadeni.

V priestoroch atomovych elektrarni je nainstalovanych viac ako desat'tisic elektromotorov,
ktoré pohanaju Cerpadla, ventilatory, kompresory (Obr 1) a iné zariadenia alebo su sucast'ou
ponornych Cerpadiel a servopohonov (Tinak, 2015).

418 34165

|

1087 I m servopohony
m ventilatory

m Cerpadla

m chehove Cerpadla

B kompresory

m ponoerné cerpadla

Obr 1 Druhy a po¢ty zariadeni pohananych elektromotormi v JE (Tinék, 2015)
Fig 1 Types and number of devices powered by electric motors in NPP (Tinak, 2015)
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Takmer 99 % elektromotorov patria medzi vyhradené technické zariadenia rizikovych skupin
A alebo B. Do skupiny A sa zarad’uju elektromotory s prikonom 250 kW a viac, do skupiny B
sa zarad'uju elektromotory, ktoré nie st zaradené v skupine A, s pradom alebo napétim, ktoré
nie su bezpecné. Na elektromotoroch skupiny A je potrebné okrem odbornej prehliadky a
odbornej sktsky vykonavat’ aj Gradné a opakované tradné skuasky (Vyhlaska 508/2009 Z. z.).

V dalsich poziadavkach na jadrovi bezpecnost' sa vybrané zariadenia v atdmovych
elektrarinach zarad'uju do Styroch bezpecnostnych tried (I., II., III., IV.). Podla druhu
bezpecnostnej triedy sa uplatiuje odstupiiovany pristup k zariadeniam akich udrzbe.
Zariadenia zaradené do triedy I. maji najvysSie ndroky na spolahlivost, zabezpecovanie
kvality, rozsah kontrol, prislusni dokumentaciu (STN EN 13306: 2011).

Udrzba je kombinacia vietkych technickych, administrativnych a riadiacich &innosti podas
zivotného cyklu objektu, zameranych na udrzanie, alebo obnovenie takého jeho stavu, v ktorom
moze plnit’ pozadovant funkciu. Rozdelenie tdrzby zariadeni je na Obr 2 (Tinak, 2015; Grencik
et al, 2013; Havelka, 1995; Karasev &Roitman, 2004).

DRUHY UDRZBY J

I I

Preventivna adriba J Eorektivna udriba

vjmeny), ktoré predchadzajn poruche schopnost
poskodeniu, degradacii zariadenia alebo

L nocrhanmnnct fonenrania raradonis

-
Cinnosti  (revizie, korekcie, upﬂ?ﬁl Cinnost [opravy, vymeny), ktoré obnowgi
funkrieschopnnsti zariadenia

.

PREVENTIVNA CYKLICKA UDRIBA - finnost vykonivané cyklicky, preventivne, podia
tasoveho rozvrhu napr. beina oprava, generalna oprava zariadenia, kalibracie, funlimé
skusky, skiosky ochran a blokad po udribe, revizne tinnosti, uradné skisky, tlakowe
skisky, skisky tesnost apod

-
PREVENTIVNA NECYHLICHA UDRZEA - finnost podla potreby, v nepravidelnom cylde
Cielom je zlepsit wlastnosti zariadenia odstranenim fyzického opotrebenia alebo
2 rnatnéhe poskodenia. S0 to planované Cinnosti, ktorych potreba wyplynula
z vyhodnotenia stavu, resp. zodporufeni dozornych organo v a nie na zaklade diagnostilky

"W i

’ FREE‘ENT[E‘N& PREDIKTIVNA UDRZEA - zaucdnmdlagnusuhwma.mm
aprognozovania stavu zariademia mapr. sjbrodiasnostika. termodizsnostiba
elektrodiasnostika, analfzy maziv apod. V pripade neuspokojivého stavu je
visledkom realizacia koreltiznei udrzby na zariadent,

LY

Obr 2 Prehl'ad typov uplatiiovanej udrzby v JE (Havelka et al, 1995)
Fig 2 Overview of applied maintenance types in NPP (Havelka et al, 1995)

Systém manaZérstva spolahlivosti zariadeni
Systém manazérstva spol'ahlivosti zariadeni EQR (equipment reliability) zabezpeCuje, ze
zariadenie pracuje v zmysle projektu vzdy a tak dlho ako je potrebné bez neo¢akévanej poruchy,

pricom tento stav je dlhodobo udrzate'ny. EQR znamena stratégiu udrziavania zariadeni podl'a
Obr. 3 (IAEA b), 2002; Vyhlaska UJD SR 431/2011 Z. z., Hudeczek, 2011).

Proces riadenia prac (oprav) zacina planovanim cinnosti, pokracuje tvorbou zéikaziek,
naplanovanim presného terminu opravy, realizaciou prac a ukonenim procesu.
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Cielom procesu rozvrhovania prac je efektivne a ucinne planovat’ prace (korektivne ¢i
preventivne) takym sposobom, aby bola zaistena dostupnost’ pozadovanych l'udskych zdrojov
a podpornych ¢innosti (Saha, 2003).

Zariadenie nie je dolezité z funkéneho, ale

2 ekonomického hl'adiska, napr. z niektorych

2 nasledujicich dévedov napr. casty vyskyt naslednej

nekriticke udrzby, vyiiie niklady na vifmenu alebo opravu nezna

vykenanie preventivoej Gdrzby, vysoky potencial

sposobenia poruchy inych zariadeni s vysckou

zavaznostou alebo dolezitych z ekonomickeého hl'adiska,
—— " Pokial’ nie je daleziti z funkéného aniz ekonomickeho

a) dolezitosti hl'adiska uplatnisa princip previdzka do poruchy

e Zariadenie je dolezité z funkéného hl'adiska, tj. viznamnge
kriticke z hl'adiska rizika, nevyhnutné privyrobe elektricke
energie aleboz bezpetnostného hl'adiska.

nizky Pohotovostna prevadzka: nastartovat, doviest' do
ustalenych pedmienck systému a vratit' spat de
peohotovestnéhe rezimu,
b) pracovného
cyklu
vysoky Nepretr#itd previdzka
normalne Standardné podmienky, zikladné prostredie podl'a STN
A

c) prevadzkovych |
podmienck Vysoka alebo nadmerna vihkost, nadmerné teploty
[vysoké mizke) aleboteplotné zmeny , prekrocenie
pedmienck prostredia (napr. cbsah seli, koreziviych
st'azene cinitel'ov, vysoka radidcia rozprafovanie, para) velké
vibracie

Obr 3 Stratégie udrziavania zariadeni (Havelka et al, 1995)
Fig 3 Device Maintenance Strategy (Havelka et al, 1995)

Zakazka je riadiaci dokument v elektronickej aj tlaCenej forme sliziaci na realizaciu
udrziavania zariadeni bezpecnym a efektivnym sposobom. Zékazka na udrzbarsky zasah sa
pripravuje v softwérovej aplikacii a zabezpecuje vykonanie pozadovanych prac na zariadeni s
vizbou na postupnost’ ¢innosti v stuvisiacich dokumentoch. Urcuje ¢as, popis prace, rozpis
operacii - ich kapacitné a materialové zabezpeCenie, zoznam predpisanych kontrol pre
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jednotlivé operécie, zoznam dokumentov, potrebnych pre vykonanie prac. Sucastou vsetkych
zékaziek je vykonanie analyzy potencialneho rizika pri realizacii prac (Tab 1). Ciel'om analyzy
rizika je zistit’ v predstihu potencidlne rizika a navrhnat technické resp. organiza¢né opatrenia
odstupfiovanym principom na minimalizaciu ich vplyvu na bezpecnost’ pracovnej skupiny
vykondvajucej pracu, na okolie a zivotné prostredie ako aj na bezpeCnost a
prevadzkyschopnost’ zariadenia a systémov. Pre hodnotenie rizika sa vyuziva metdda zalozena

na maticovej aplikacii (Mentlik et al, 2008, Zeleny, Markova, 2015).

Tab 1 Riadenie rizika z vykonu prac (Tinak, 2015)
Tab 1 Risk management of work performance (Tinak, 2015)

Prace s chrozenim Prace s ohrozenim Prace = ohrozenim
P zdravia zdravia pdravia
Eutinne postupy Zmena postupov Prace vo vwhuinom
—, Eutinné éinnosti Zmena stavu prostredia prostredi
normilne prostredie Nové finnosti Prace vo vyakach,
Standardné pouzite stiesnenych priestoroy
prosiriedlky BOZP zriedlkave cinnozt
Uraz 5 osetrenim
™ vi i > o = -
(P viac ako 3 dni) Nizke riziko Stredné riziko
resp. Uraz
3 nasledkom smrti
Uraz s osetrenim =
] Alkceptovatel'né - . . ...
(PN do 3 duoi) . Nizke riziko Stredné riziko
riziko
Drobmé poraneaia Akceptovatel'né Alkceptovatel'né -
bez potreby e e Nizke riziko
. . riziko riziko

Kde: P - pravdepodobnost’ vyskytu rizika
Z — zavaznost rizika

PN - praceneschopnost’

Vysledok analyzy rizika je uvedeny v dokumente zakazky. Vysoké riziko musi byt riadené.
Bezpecnostni manazéri musia selektovat’ zakazky s vys$§im riziko pri praci, vyjadrovat’ sa
k pracam a prijimat’ ndpravné opatrenia na jeho znizenie alebo odstranenie. Cielom napravnych
opatreni musi byt’ zniZenie rizika na ¢o najniz§iu moznu akceptovatelnu uroven. Napravnym
opatrenim moZe byt’ aj vytvorenie napr. aj tvorba nového bezpecného pracovného postupu.

V poslednom kroku koordinator vykonu prac urc¢i zamestnancov na vykon opravy, kontroluje
zaistenie zariadenia a prebera tieto zariadenia do udrzby. V pripade, Ze na oprave zariadenia
pracuje niekolko realizaCnych skupin, vykondva medzi nimi koordiniciu cinnosti. Po

vykonanej oprave opravené zariadenie je odovzdané na funkéné odskuSanie (Palecek et al,
2008, Markova, Ockajova, 2018).

Metody

Ciel'om experimentu bolo zistit,, ako pracovnici udrzby dodrziavaju zédsady bezpecnosti prace,
aké nastroje pouZivaju na prevenciu l'udskych chyb a najmi ¢i sa dokazu kriticky pozerat’ na
vykon svojej prace a identifikovat’ svoje a pripadne systémové nedostatky. Ako nastroje
zistovania odchylok od Standardného pristupu k préci boli uréené pozorovanie a koucing.

Koucing je nastroj na profesiondlny rozvoj schopnosti a zru¢nosti pracovnika a pracovnych
skupin. Pozorovanie a koucing je Vv jadrovej elektrarni planovanou metédou a jeho
vykondvanim si povereni manazéri a zodpovedni veduci. Okrem vopred dlhodobo
naplanovanych koucingov sa vykondvaju aj operativne koucingy pri zvlast rizikovych pracach
alebo pracach s &innostami, ktoré sa dosial’ nevykonavali. U¢elom pozorovania a koudovania
je dosiahnutie spravneho pouzivania nastrojov na prevenciu l'udskych chyb, odstranenie
nezelaného spravania a posilnenie prejavov Zelaného spravania na pracovisku. Hlavnym ciel'om
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pozorovania a koucovania je znizit' pravdepodobnost’ zlyhania 'udského cinitel’a pri pracach a

identifikovat’ slabé miesta 'udskej spol'ahlivosti v podniku. Medzi d’alSie ciele patria:

— upeviovat’ Standardy a oCakédvania vedenia spolo¢nosti,

— identifikovat’ nové ciel'ové oblasti pre zlepSenie a neustéle sa zlepSovat,

— zabezpecCit’ lepSiu analyzu pri¢in vzniku 'udskych chyb a identifikovat’ ndpravné opatrenia
na odstranenie zistenych pricin,

— sledovat’ a urcit’ efektivnost’ minulych népravnych opatrent,

— monitorovat najlepsSiu prax v odvetvi,

— Zvysit bezpecnost’ pri praci,

— ziskat’ spatna vizbu z priebehu vykonéavanej prace,

— ocenit’ vykonnost’ nad iroviiou o¢akavani,

— podporit’ osobnii zodpovednost a angazovanost zamestnancov v snahe o dosiahnutie
najvyssich Standardov pri vykone kazdej ¢innosti,

— podporit’ dodrziavanie principov kultiry bezpecnosti a neustaleho zlepSovania kultary
bezpecnosti,

— aktivne vyhl'adavat a odstrafiovat skryté chyby (Reason, 1990).

Oprava bola uskuto¢nend na elektromotore typ 2N4 355Y- 6, ktory pohéana kondenzacné
erpadla. Umiestnenie realneho &erpadla bolo v na strojovni na podlazi -3,5 m. Cerpadla
nasavaju kondenzat z hlavného kondenzétora a tla¢ia ho d’alej do blokovej tpravy kondenzatu.
Este predtym je vSak na vytlaku odbocka na chladenie generatora, cez ktort preteka asi 1/3 z
celkového mnozstva kondenzétu. Pasportizacné tidaje elektromotora st uvedené v Tab 2.

Tab 2 Pasportiza¢né daje elektromotora typu 2N4 355Y-6
Tab 2 Passport data of 2N4 type 355Y-6 electric motor

Charakteristika parametra Ciselna hodnota
vykon 200 kW
napatie 6000 V
prad 243 A
otacky 989 ot/min.
frekvencia 50 Hz
izolécia F
krytie IP 44
tvar IM 3011
hmotnost’ 2240 kg

Na zaklade zavedeného systému EQR zariadenie podlieha pravidelnym cinnostiam podla

riadené¢ho ¢asového harmonogramu (Tab 3).

Tab 3 Popis ¢innosti na elektromotore a periodicita vykonania Gkonu

Tab 3 Activity description on the electric motor and periodicity of the operation

Cislo Cinnost’ Cyklus

1. Vibrodiagnostika 1 x za 6 mesiacov
2. Termovizia 1 x za 6 mesiacov
3. Domazanie 1 x za 6 mesiacov

4. Mechanicka kontrola on-line 1xzalrok

5. Elektrodiagnostika 1 x za 3 roky

6. Revizia OP a OS 1 x za 3 roky

7. Mechanicka kontrola off-line 1 x za 3 roky
8. Generalna oprava 1 x za 6 rokov

1. Vibrodiagnostikou sa vykonava monitorovanie vibracii a je zamerana na rieSenie vsetkych
pri¢in opotrebovavania lozisk a dalSich otd€avych komponentov. Vysledkami
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vibrodiagnostického merania moéze byt odporucenie zosuosenie sustrojenstva, domazanie
lozisk, vymena lozisk, vyvazenie rotacnych Casti a ind oprava zariadenia. Informécie o
technickom stave zariadenia sliizia na efektivne pldnovanie oprav podla stavu zariadenia
[14].
2. Termoviznym meranim pomocou termoviznej kamery sa kontroluje zahrievanie spojov na
hlavnych privodoch motora, prechodovej skrine, zahrievanie lozisk a vinuti motora (Obr 3)

Object parameter Value
Emissivity 0.85
Object distance 2.0 m
Atmospheric 32.0°C
temperature

Value 2.0m
ARO01: max 91.1 °C

Obr 3 Vystup z termovizneho merania (Tinak, 2015)
Fig 3 Output from thermowood measurement (Tinék, 2015)

3. Domazanie je doplnenia maziva na udrziavanie spravnych parametrov pre prevadzku
lozisk, ¢o minimalizuje vznik a rozvoj pri€in opotrebenia lozisk. Doplnenie maziva do
lozisk sa vykona mazacim lisom (Obr 4) alebo pristrojom A4910 — Lubri (obr 5).

Obr 4 Mazaci lis Obr 5 Domazavaci pristroj A4910 - Lubri
Fig 4 Lubrication press Fig 5 A4910 Lubrication Device

4. Pod mechanickou kontrolou on-line sa rozumie kontrola elektromotora za jeho prevadzky.
Vykonava sa najmd vizudlna a akustickd kontrola. Kontroly spocivaju v sledovani
elektromotora a jeho jednotlivych dielov, ¢i nevibruja, ¢i nie st uvol'nené alebo chybajice.
Dalej sa kontroluju privodné kéble, ochrany kablov, teplomery a snima&e iniku vody. Pri
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motoroch s vodnym chladenim alebo olejovym mazanim sa kontroluju dostupné priruby na
potrubiach, loziskové stojany a loziska na tnik prevadzkovych kvapalin

5. Elektrodiagnostikou sa zistuje degradacia izolacie, skraty a integritu vSetkych elektrickych
spojov elektromotorov. Cielom tychto merani je identifikovat’ aktualny stav elektromotora
a ur¢it’ ¢asovy trend vyvoja jeho stavu.

6. Odbornou prehliadkou a odbornou skiskou sa preveruje stav bezpeénosti elektromotora,
privodného kébla a prechodovej skrine. Vykonava ju odborne spdsobilé osoba — revizny
technik. Vystupom je protokol. Revizia sa vykonava v sulade s platnym predpisom.

7. Mechanicka kontrola off-line je kontrola elektromotora poc¢as jeho odstavenia. Kontrolou
sa sleduje stav jednotlivych dielov a v pripade potreby alebo na zéklade vysledkov z inych
merani sa tieto diely vymienaju.

8. Cielom generalnej opravy je funkéna obnova casti, ktoré sa opotrebuji prevadzkou
zariadenia, napr. lozisk, spojky, spojkovych ¢apov a puzdier, loziskovych §titov, izolatorov
v svorkovnici a tesneni a d’al$ich dielov (Hudeczek, 2011).

Vysledky

V konkrétnom pripade sa jednalo o generalnu opravu. Cinnost’ vykonavala $est'¢lenna skupina,
jeden ¢len bol povereny vedenim ¢innosti. Pred zac¢atim prac bola vykonana vizualna obhliadka
elektromotora a zmapovany realny stav elektromotora, pristupoveé a unikové cesty. Oprava
elektromotora bola posudena ako ¢innost’ so zvySenym rizikom, boli preto prijaté dve napravné
opatrenia a to stavba zabradlia a pouzitie prostriedkov osobného zabezpeCenia pri otvarani
a zatvarani  poklopov. Osobné zabezpeCenie predstavovalo bezpecnostny postroj
a samonavijacia kladka, istiacim bodom bolo zabradlie.

Pozorovanim sme zistili viaceré nezhody. Pri vlastnej Cinnosti formou nestranného
pozorovania a partnerskej kontroly boli postupne mapované vsetky ¢innosti a konfrontované
s nadvodmi a bezpeénymi pracovnymi postupmi. Vysledkom je nasledujica Tab 4.

Tab 4 Zistené nezhody pri oprave elektromotora a existujlice preventivne opatrenia (Tinak, 2015)
Tab 4 Malfunctions detected in the repair of the electric motor and existing preventive measures (Tinak, 2015)

Cislo Popis nezhody Dosledok Existujuce Popis exitujucich
opatrenia opatreni
na prevenciu

1. Pri odkladani rostov na zranenie pracovnika ANO odborna
podlazi + 0,0 m sa pracovnik v dosledku padu rostu sposobilost’ —
na podlazi — 3,5 m nachadzal Skolenie viazacov
priamo pod nimi. bremien

2. Pracovnik, ktory daval prehliadnutie zamestnanca, ANO odborna
znamenia pri odkladani a nespravne nac¢asovanie sposobilost’ —
ukladani motora na— 3,5 m, operéacii Skolenie viazacov
nemal vystrazné oznacenie bremien

3. Pri demontazi spojky kvapkal | destrukcia stahovaka NIE neexistuju
hydraulicky olej z opatrenia
hydraulického stahovaka

4. Nedodrzanie stanoveného riziko prediZenia asu opravy ANO Operécia v
sledu ¢innosti podla zakazky, konkrétnej zakazke
neskoré meranie izola¢nych a
ohmickych odporov.

5. Po montazi novych lozisk pri | mdze zapriinit’ prehrievanie ANO Technologicky
ich domazavani bol pouzity loziska a skratit’ jeho Zivotnost’ postup opravy
nespravny typ maziva motora

6. Pracovnici nepouzivali nedotiahnuté alebo prili§ ANO Je v meracom
momentové kIice. dotiahnuté spoje mézu mat’ za protokole

nasledok prehrievanie alebo
mechanické poskodenie spojov
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Z Tab 4 vyplynulo, Zze k bodu 3 neexistuje opatrenie, ktoré¢ by zabezpecilo prevenciu pred

zistenou nezhodou. V zavere prebehla diskusia s pracovnikmi realiza¢nej skupiny. S niektorymi

nezhodami sa pracovnici stotoznili, ale z diskusie vyplynulo mnoho podnetnych navrhov (Obr

6):

a) Odkladanie rostov na podlazi + 0,0 m je zdihavé a nebezpecné. Po odloZeni rostov je
potrebné prekladat’ tazké I — profily a vtedy hrozi nebezpecenstvo ich vySmyknutia a padu
do hibky alebo trazu pracovnikov.

b) Absentuje mnozstvo akumulatorového naradia pri povol'ovani a dotahovani matic.

C) Mnozstvo prac sa vykonava na kolenach, o je fyzicky vel'mi namahavé.

d) Chyba koliska na ota¢anie motora. Situacia, ked’ sa motor z horizontalnej polohy zdviha do
vertikdlnej (a opacne) pomocou dvoch Zeriavovych hékov, nie je bezpecna.

a)
domazavanie lozisk Spustanie elektromotora cez pripojenie elektromotora
bearing of bearings otvor na podlazi + 0,0 connection of the electric motor
Starting the electric motor
through the floor opening + 0,0
Obr 6 Cinnosti pri oprave elektromotora
Fig 6 Electric motor repair activities

Spétna vdzba od pracovnikov bola cennym zdrojom informaécii, na zéklade ktorého bolo mozné
identifikovat’ a odstranit’ skryté chyby, ktoré by za inych okolnosti mohli zapricinit’ rozvoj
udalosti. Vyhodnotenie prace po jej skonceni, ako jedna z metdd kou¢ingu, umoznila ziskat’
informécie na zefektivnenie existujdcich pracovnych postupov a metdd.

Zaver

Délezitymi podmienkami pre dobre vykonanu udrzbu zariadenia st vhodne spracované interné
predpisy, technologické postupy a zakazky. AvSak ani dokonaly predpis nezaruci bezchybnu
opravu, pokial’ ho pracovnici nebudil dodrziavat’.

Kouc¢ingom a pozorovanim postupu prac bolo zistené, Ze I'udsky Cinitel’ zlyhal vo viacerych
pripadoch opravy elektromotora. Diskusiou a vyhodnotenim priebehu préac boli identifikované
Pudské zlyhania, ktoré mali aj objektivne priciny. Boli navrhnuté viaceré napravné opatrenia.
Potvrdila sa dolezitost’ preskolovania viazacov v rizikovych pracach - pri vertikalnom presune
zariadeni cez viac ako jedno podlaZie. Brifing vediicim zamestnancom na zaciatku vykonu prac
moze zabezpecit’ spravny sled ¢innosti pri oprave, pouzitie spravneho naradia, vhodny sposob
mazania lozisk podla technologického reglementu, pouzivanie momentovych klI'i¢ov s
predpisanym momentom ut'ahovania. Bola zistena aj organiza¢na nezhoda, kvapkajuci olej z
hydraulického stahovaka. Preto bol podany ndvrh na doplnenie organizacnej smernice
a urCenie osoby zodpovednej za stav naradia.
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Vzajomnou konfrontaciou sa zvysilo sebauvedomanie pri vykonavanych ¢innostiach, ¢im je
predpoklad skvalitnenia prace a znizenie chybovosti, zapri¢inenej 'udskym zlyhanim, ktora
pri rizikovych pracach méze mat’ nasledky aj na zdravi zamestnancov.

Kvalita jednotlivych vykonov a dozoru, dodrziavanie noriem a ocakavani, efektivnost
administrativnych procesov, postupov a odbornej pripravy, ako aj stav zariadeni a kultura
bezpecnosti organizacie vyzaduju nepretrzity dohlad. Pozorovania v teréne poskytuju
manazérom a veducim pracovnikom aj schopnost’ merat’ efektivnost’ zvySovania spolahlivosti.
Tieto pozorovania v redlnom ¢ase umoziuju:

- priamo vidiet’ skuto¢né podmienky na pracovisku a praktiky zamestnancov,
- zamestnancom poskytnut’ spitnt vizbu,

- odhalit’ organizacné a programové slabosti stvisiace s podporou pracovnych ¢innosti v
teréne,

- posilnit’ organiza¢nl orientaciu na ocakavania a hodnoty,

- zdokumentovat” kl'icové aspekty (faktorov organizicie) vratane okamzite vykonaného
kroku (na zvysenie efektivnosti organizacie).

Zaznamy z udajov z pozorovani pomahaju zistovat’ zdanlivo nevyznamné skutocnosti, ktoré
by mohli viest' k vyznamnej§im problémom. Skusenost’ ukédzala, Ze priciny nezdvaznych
udalosti st podobné pri¢inam udalosti, ktoré maji zavazné dosledky. Identifikacia a v¢asna
néprava slabych riadiacich néstrojov a bariér a nebezpeénych/rizikovych praktik mézu zabranit
zdvaznym udalostiam. Zaznamendavanie pozorovanych problémov spolahlivosti pomaha
manazérom a vedicim identifikovat’ cielové oblasti, ktoré je pocas pozorovani v budicnosti
potrebné sledovat. Prave tak ako zamestnanec potrebuje spitni vizbu ohladom jeho
spol’ahlivosti, aj jednotlivci vykondvajici pozorovania mézu mat’ prospech zo spétnej vizby na
to, ako dobre vykonavaju pozorovanie a koucovanie.
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Abstract: According to a new definition, zeolites are clathrates or inclusion compounds, able to host various guest
substances in their versatile structure. The most industrially used natural zeolite is clinoptilolite. Materials designed
using components derived from biological sources such as collagen, chitosan, three-dimensional polymeric
hydrogels like surfactants, alginate, plant proteins and polysaccharides have been investigated thoroughly for use
in environmental remediation. These biomaterials possess some advantages over their synthetic counterparts, such
as their capability to be environmentally viable and thus recognized by the living microenvironment. Using mostly
biomimetic sol-gel method, we also prepared the octadecylammonium (ODA surfactant) coated zeolite, chitosan
and alginate composed zeolites as well as lately iron oxihydroxide immobilized zeolite, which showed improved
adsorption properties to broaden range of pollutants. Prophylaxis antibiotic (cefazoline) removal using the aqueous
solutions and stationary (batch) system at laboratory was applied to compare several adsorbents like native, ODA-
and carbonized zeolite (clinoptilolite tuff), montmorillonite, German commercial GEH, active coke and beringite.
The best performance in cefazoline uptake proved especially carbon rich adsorbents and ODA-zeolite.

Keywords: biomaterials, zeolite, clinoptilolite tuff, pharmaceuticals, water pollution, cefazoline, biomimetics

Abstrakt: Podla novej definicie su zeolity klatraty alebo inkluzivne zlG¢eniny, schopné vo svojej rozmanitej
Struktire zachytavat' rozne hostujice latky. V priemysle najviac vyuZivanym zeolitom je klinoptilolit. Pri
environmentalnej remediécii sa spravidla vyuzivaji materialy odvodené resp. ziskané z biologickych zdrojov ako
kolagén, chitosan, trojrozmerné polymérne hydrogély ako povrchovo aktivne latky (tenzidy), alginaty, rastlinné
proteiny a polysacharidy. Oproti ich syntetickym analégom, maju prirodné produkty mnohé prednosti, pretoze st
kompatibilné a znasanlivé s biotou. Pomocou biomimetickej sol-gélovej metddy sme aj my v laborat6riu pripravili
ODA (oktadecylammonny) — zeolit, chitosan — a alginatovy kompozit so zeolitovou matricou ako aj FeO(OH) —
zeolit, ktoré sa prejavili k $pecifickym polutantom vod s vy$$ou ué¢innostou. V podmienkach stacionarneho rezimu
sme overili u€innost’ odstranovania antibiotika cefazolinu z modelovych roztokov na niektorych adsorpénych
materidloch ako prirodny, ODA- a karbonizovany zeolit (klinoptilolitovy tuf), montmorillonit, granulovany
oxohydroxid GEH, aktivne uhlie a beringit. Najvy$$iu kapacitu k cefazolinu prejavili obzvlast’ uhlikaté adsorbenty
a ODA-zeolit.

KPuadové slova: biomaterialy, zeolit, klinoptilolitovy tuf, farmaceutika, zneéistenie vod, cefazolin, biomimetika
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INTRODUCTION

Current industrial adsorbents consist of a broad variety of chemical substances and different
geometrical structures. In today’s society also environmental requirements are becoming of
great importance since there is an increased interest in the industrial use of renewable resources.
“Green* designates in a novel advanced adsorbent fabrication to adopt from a Nature
bioinspiring (basically polysaccharide) materials and by the synthesis to mimic the exceptional
features of natural species with their impressive behaviour (Biomimetic Materials Chemistry.
1996, Behrens and Bauerlein, 2007).

Actually, biopolymers present fascinating templates for creating bioinorganic materials, e.g.
starch that is stored in plants, meets all the required criteria. Combined with the traditional
chemical techniques, the biopolymer assisted synthesis may prove promising route how to
prepare a ,,new generation“of biomineral adsorbents guiding oriented growth of organic
substances on the surface. Some interesting remarks of living cells base on excretion of biogenic
surfactants or specific biopolymeric acids like alginic acid and their salts. Alginate is a
copolymer of the isomers mannuronic and guluronic acids enabling the dense packing of
submicrometer-sized particles in suspensions in order to enhance their colloidal stability
(Biomimetic Materials Chemistry. 1996, Chmielewskd, Xu, 2015, Behrens and Bauerlein,
2007).

To promote the zeolite performance and to prepare more effective adsorbent for specific post-
treatment processes, flexible component, i.e. alginate with a rigid component (powdered)
zeolite was crosslinked using Fe(l11) and Ca(ll) ions. While incorporated Fe(l11) cations in new
adsorbent were responsible for electrostatic interactions “oxyanionic pollutants vs. biopolymer
pelletized zeolite”, Ca ions were responsible for exchange of metallic cations. Finally, such as
alginate-zeolitic adsorbent showed during examination its adsorption capacity towards metallic
pollutants considerably enhanced (Chmielewska, Xu, 2015)

Using the hydrophilic, expandable and permeable hydrogels with low interfacial tension for the
novel adsorbent synthesis, substances which resemble to soft living tissues, is another excellent
example for advanced surface treatment strategy how to enhance clinoptilolite tuff
performance. Various aspects regarding above mentioned surfactant octadecylammonium
(ODA) clinoptilolite have been reviewed and highlighted in literature (Chmielewska, Xu, 2015,
Altshuller,d 1999, Favret, Fuentes, 2009.)..

Iron oxides are effective, low cost adsorbents for heavy metals and radionuclides removal,
respectively. Their sorption process is mainly controlled by complexation. When their particle
size is reduced to below 20 nm, the adsorption capacity increases by 10 to 100 times, suggesting
a ,,nanoscale effect“. While nanomaterials embedded in a solid matrix like zeolite may expect
minimum release into the environment, research is needed to develop simple, low cost
technique to immobilize nanomaterials without significantly impacting their adsorption
performance. Based upon the encouraging results of Slovakian natural clinoptilolite producer,
achieved recently, and simultaneously necessity to immobilize a nanosized iron oxide onto solid
surfaces, we study various routes how to prepare environmentally viable as well as
economically feasible adsorbent with zeolite matrix (Altshuller,d 1999, Favret, Fuentes, 2009).

EMERGING CONTAMINANTS IN ENVIRONMENT

Pharmaceuticals, as today called emerging contaminants ( ECs), can enter the environment by
a number of pathways and can be further distributed to various environmental media. One
prominent pathway could be the use of wastewater sludge or waste water for field fertilization
and irrigation. In water environments, a large variety of these compounds and their metabolites
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have been detected and also soil could be an important source of water contamination (Petrie
et al. 2015, Sabourin et al., 2012, Ort et al. 2010 a, Miao et al. 2005).

The presence and distribution of pharmaceuticals in the soil via land application are far from
known because of a lack of appropriate methodologies. Liquid chromatography combined with
mass spectrometry (LC-MS) or with tandem mass spectrometry (LC-MS/MS) is popular
techniques currently being used in pharmaceutical analyses. The latter allows detection of
extremely low concentrations (ng/L or ng/g) of these compounds in various complex liquid or
solid matrices.

The presence of ECs in the environment is mainly attributed to the discharge of treated
wastewater from water treatment facilities. Conventional secondary processes (activated sludge
and trickling filters) represent the most extensively used and studied processes. An increase in
drug use may be anticipated during music festivals, public holidays, major sporting events and
by students during exam periods (Petrie et al., 2015, Sabourin et al., 2012, Ort et al., 2010, Miao
et al., 2005) However, above mentioned bioprocesses are not designed to remove ECs resulting
in their discharge to receiving surface waters including rivers, lakes and coastal discharge. E.g.
during anaerobic digestion, biosolids (or treated sludge) are generated. These are often applied
to agricultural land as a fertiliser in many countries. Despite lengthy digestion (in avarage 4
weeks) and outdoor storage for up to six months following treatment, some ECs have shown to
persist.
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Fig 1 Methamphetamine consumption in Slovakian towns (Mackulak et al., 2014)

The presence of these chemicals in the environment is more serious considering that they do
not appear individually, but as a complex mixture, which could lead to unwanted synergistic
effects. Parent chemicals are often excreted from the human body also with a number of
associated metabolites. As an example, the ibuprofen is excreted as the unchanged drug.
Approximately 70 pharmaceuticals, belonging to a variety of therapeutic classes, have been
reported only in UK waters (Petrie et al., 2015). The analgestic tramadol has been observed in
river water at the highest concentration up to a maximum of 7731 ng /L (Petrie et al., 2015,
Heal et al., 2013). The hallucinogen 3,4-methylenedioxy-N-methylamphetamine (MDMA) and
the stimulant cocaine have been observed in river water at concentrations of 25 and 17 ng /L,
respectively (Petrie et al., 2015, Gottschalk et al., 2009, European Chemicals Bureau, 2014,
European Protection Agency, 2014). To date more than 200 different pharmaceuticals alone
have been reported in river waters globally, with concentrations up to a maximum of 6.5 mg /L
for the antibiotic ciprofloxacin (Petrie et al., 2015, Heal et al., 2013, Gehrke et al., 2015).
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Methamphetamine (locally called pervitin) is an extremely addictive stimulant drug that is
chemically similar to amphetamine (Mackul'ak, T. et al. 2014). It takes the form of a white,
odorless, bitter-tasting crystalline powder. Methamphetamine is taken orally, smoked, snorted,
or dissolved in water or alcohol and injected. Smoking or injecting the drug delivers it very
quickly to the brain, where it produces an immediate, intense euphoria. According to monitoring
provided by the national water authorities and researchers, consumption of this chemical in
Czech and Slovak Republics belongs to the highest in the world (Fig 1) (Mackulak, T. et al.
2014).

AN ATTEMPT TO REMOVE ANTIBIOTICS BY POLISHING
OR POSTTREATMENT OF WATER USING THE ADSORPTION

Nevertheless, removal of environmental pollutants released or discharged over a vast area of
the world, require preferentially relatively cheap, cost effective or economically viable
technology. Current treatment processes for contaminated waste streams used to consist mostly
from chemical precipitation, membrane filtration, ion exchange or adsorption. Among those
different techniques, adsorption based processes have drawn much interest even in past due to
the relatively simple approach for the removal of plenty of environmental pollutants. Activated
carbon, clay minerals, biomass, natural zeolites and even some industrial solid waste have been
widely used as adsorbents for removal of ions and organics out of contaminated waters. On the
base of the excellent selectivity of natural zeolites to different adsorbates as well as worldwide
abundance of these precious tuffaceous materials, their utilization in environmental cleanup
technologies became since 1960°s popular. Most of the reported applications of natural zeolites
in the past decades have focused on the removal of ammonium and heavy metals. Nevertheless,
the unique chemical and structural characteristics of natural zeolites made them appropriate for
multitude environmental applications, where effectivness and low cost of materials are needed
(Chmielewska, 2014). Today, some update or plenty zeolitic applications related to water
treatment and purification processes are available by hundreds. However, recent literature
reports the state of the art mainly in zeolite surface modification using the hydrophobization
(sol-gel technique for coating the zeolitic surface by different surfactants, moreover with zero
valent iron ZVI-addition), metal doping or peletization of zeolite matrices with some
biopolymeric eco-friendly carbohydrates. Since the last decade by our investigations, several
new surface modified or hybridized zeolite adsorbents have been succesfully synthesized whose
performance and favourable, much extended adsorption properties towards aqueous pollutants
have been achieved.

In general for water and wastewater treatment, a significant majority of recent developments
relate to biological processes and treatment technologies using advanced adsorption and
filtration media. Adsorption is the capability of all solid substances to attract to their surfaces
molecules of gases or solutions with which they are in close contact. Due to their high specific
surface area, especially nanoadsorbents show a considerably higher rate of adsorption for
organic compounds compared with granular or powdered activated carbon. They have great
potential for novel, more efficient, and faster decontamination processes aimed at removal of
organic and inorganic pollutants like heavy metals and micropollutants (Gehrke et al., 2015).
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Fig 2 Average equilibrium concentrations of cefazoline removal onto some selected adsorption materials

Nanometals and zeolites benefit from their cost-effectiveness and compatibility with existing
water treatment systems since they can be implemented in pellets and beads for fixed absorbers.
Evidently, the photocatalytic degradation of organic pollutants incl. ECs by TiO2 supported
solid matrices bolong to the latest progress in field (AOP). Titanium dioxide has been widely
used as photocatalytic material in removal of toxic chemicals from waters, but due to its fine
sized grains (4-30 nm), it aggregates rapidly by loosing efficiency. TiO: is not porous and its
surface exhibits polar property, however as immobilized on porous solids (semiconductor
graded solids) using mostly the sol-gel route, provides higher specific surface area and
facilitates more effective adsorption sites than bare TiO (Bhatnagar, 2013, Ternes et al. 2002).

Prophylaxis antibiotic (cefazoline) removal using the aqueous solutions and stationary (batch)
system at laboratory was applied to compare several adsorbents like native, ODA- and
carbonized zeolite (clinoptilolite-rich tuff), montmorillonite, German commercial GEH, active
coke and beringite (Fig 2). Aqueous model solutions of cefazoline were analysed by means of
Diode Array (UV-VIS) Spectrometer Hewlett Packard 8452A at the wavelength 272 nm.

Cefazoline is an antibiotic used for the treatment of a number ofbacterial infections. The drug
is usually administered by either injection into a muscle or into a vein. It is on the World Health
Organization's List of Essential Medicines - the most important medications needed for a basic
health system (Tab 1b).

According to above graphical plot, the highest capacity towards cefazoline showed GEH and
active coke, however also ODA-surfactant coated zeolite exhibited acceptable uptake
performance. Beringite is basically aluminium silicate rock made up of albite, barkevite and
orthoclase. Fig.3 presents some broader range of selected adsorbents for examination of
cefazoline uptake. German provenience silcarbon, industrial ashes chezacarb (amorphous
carbon) from Chemopetrol Litvinov (Czech Republic), German granulated ferric hydroxide
(GEH) with the main components of akaganeite (3—FeOOH) and goethite [a-FeO(OH)],
montmorillonite from the deposit in Slovak Republic, obtained from the rock after
sedimentation and purification procedures and commercial Happy End (Great Britain), mostly
natural resources derived and mixed products denoted as SK1, SK2, DN2 and CB18 were
compared. The SK1 and SK2 contain the mixture of cellulose, calcium carbonate and clays,
while DN2 is manufactured mainly from natural silicate resources based on the former
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commercial Absodan and CB18 means a high quality peat (Tab 1a). Peat contains lignin,
cellulose, fulvic and humic acids as major constituents that bear polar functional groups, such

as alcohols, aldehydes, ketones, phenolic hydroxides and ethers, using them in chemical
bonding (Chmielewska, 2014).

According to Fig 2 and Fig 3 the ODA-zeolite has among the other described mostly
commercial and costly products in the removal efficiency for an unpolar heavily substituted
carboxylic acid cefazoline competitive position (Tab 1b). As can be seen, carbon based
adsorbents (chezacarb and silcarbon) proved the best removal performance beside the GEH and

ODA-zeolite while for cefazoline removal the Happy End products under SB18 (peat) was
moreover preferred.

Adsorption of cefazoline
initial Co = 0.2963 mg/L

0.2963

0.2463

_montmorillonite

0.1963 Chitosan

0.1463

Ceq [mg/L]
v/
zZ
[\

0.0863

0.0463

—0.0037

Fig 3 A broader range of selected adsorbents for examination of cefazoline uptake (Chmielewské and Xu, 2015)

Tab 1 Commercial products Absodan and Spilkleen manufactured from natural materials and applied for
a) cefazoline removal; b) structure formula of cefazoline (Chmielewskd, 2014)

=
SK1 denotes a mixture of natural )“}Z
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CONCLUSIONS

The presence of pharmaceuticals (ECs) in the environment has been a topic of concern. Most
environmental data focus on the occurrence, fate, and transport of these compounds in
wastewater or receiving waters. Their presence in source waters and drinking water is
particularly problematic as this pathway represents a vector for human exposure. Several
promising options for the pharmaceutical removal from water are available, and many
technologies employ an advanced oxidation process (AOP). AOPs have been shown to be better
suited for removing recalcitrant pharmaceuticals from water as compared to conventional
treatment processes (Muthanna, 2017, Xinbo et al., 2016)

Although numerous adsorbents have been developed and examined in water treatment, their
potential needs to be further assessed on pilot scale with real surface/ground water or/and
wastewater. Development of some synthetic, hybrid and nano-scale adsorbents show high
efficiency towards specific pollutants removal, but more research is needed prior to their use in
full-scale application in water and wastewater treatment.

At last but not least has to be mentioned the development of wastewater treatment systems using
oyster shells as the biological growth media that prove enhanced affinity to microorganisms or
for even trace concentrations of ECs in water, development of biomimetic adsorbents imitating
lipids from white whales, arctic wolves, South African fur seals, marketable fish and mussels,
based on high accumulation affinity of organism’s lipids towards ECs.
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Abstrakt: V tomto prispevku sa zameriavame na znecistovanie pracovného ovzdusia a vonkajSicho ovzdusia
ultrajemnymi a respirabilnymi ¢asticami pri vyrobe drevenych peliet o maximalnej spotrebe pilin na vyrobu peliet
18,5 ton/defi. Navrhnutym predbeznym modelom hodnotime ako fugitivne a bodové emisie PMo (a PM, 5, alebo
TSP) mézu ovplyvnit’ Cistotu ovzdusia v blizko stojacej obytnej budove (do 50 m). Predbeznym modelom bola
zistend teoreticky najvyssia hodnota hmotnostnej koncentracie 38,1 pug.m= respirabilnej frakcie na atike najblizsej
obytnej budovy (vo vzdialenosti 42 m od zdroja), pricom najva¢$im prispevkom sa na tom podiel’aju fugitivne
emisie 37,6 pg.m=. Tieto hodnoty by sa dosiahli pri rychlosti vetra 4 m.s* vo vyske 10 m, pradiacom v smere od
zdroja presne k sledovanej obytnej budove. PoZiadavky kvality ovzdusia st splnené, napriek tomu obyvatelia maji
pocit silne znegisteného ovzdusia. Nasledne bude predbezny model verifikovany redlnymi meraniami, simulaciou
a d’alej spresfiovany.

Klacové slova: zneCistovanie ovzdusia, emisie, vyroba peliet, PM, model

Abstract: V tomto prispevku sa zameriavame na zneéistovanie pracovného ovzdusia a vonkajSiecho ovzdusia
ultrajemnymi a respirabilnymi ¢asticami pri vyrobe drevenych peliet o0 maximalnej spotrebe pilin na vyrobu peliet
18,5 ton/defi. Navrhnutym predbeznym modelom hodnotime ako fugitivne a bodové emisie PMso (a PM, 5, alebo
TSP) mézu ovplyvnit’ Cistotu ovzdusia v blizko stojacej obytnej budove (do 50 m). PredbeZznym modelom bola
zistena teoreticky najvyssia hodnota hmotnostnej koncentracie 38,1 pg.m respirabilnej frakcie na atike najbliz3ej
obytnej budovy (vo vzdialenosti 42 m od zdroja), pricom najva¢$im prispevkom sa na tom podiel’aju fugitivne
emisie 37,6 pg.m=. Tieto hodnoty by sa dosiahli pri rychlosti vetra 4 m.s* vo vyske 10 m, pradiacom v smere od
zdroja presne k sledovanej obytnej budove. PoZiadavky kvality ovzdusia st splnené, napriek tomu obyvatelia maji
pocit silne znec€isteného ovzdusia. Nasledne bude predbezny model verifikovany realnymi meraniami, simulaciou
a d’alej sprestiovany.

Key words: air pollution, emission, production of pellets, PM, model
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Uvod

Mechanické procesy spracovania surovin su vo vacsine pripadov pri¢inou emisii hrubych Castic
0 rozmeroch Castic mensich 10 um, oznacovanych ako PMjig, ale aj ¢astic o rozmeroch vacsich
ako 10 um, ktor¢ su sticastou celkovych emisii tuhych znec€ist'ujicich latok, oznacovanych ako
TSP. V tychto pripadoch je z hl'adiska zneéistovania ovzdusia a ich vplyvu na zdravie ¢loveka
dolezita ich hmotnostna koncentracia (ug.m™) v ovzdusi. Iné procesy, najmi vysokoteplotné
spalovanie, zvaranie, hutnicke procesy a pod., moézu byt zdrojom emisii ultrajemnych castic
(0,1 um), ktoré st oznaCované ako UFP. Ultrajemné Castice vznikaju hlavne nukleéciou,
chemickou reakciou plynnych latok za vzniku tuhej latky, alebo evaporaciou. Principialne nie
je vylucena ani ich tvorba pri mechanickych procesoch ako st mletie, brusenie, rezanie alebo
lestenie, ale st to menej preskimané deje (Zimmer and Maynard, 2002).

O mnohych zdrojoch znecistovania ovzdusia, hlavne v menSich vyrobnych jednotkach, ktoré
st situované v blizkosti obytnych sidiel, nemame dostato¢ne podrobny prehl'ad o ich vplyve na
Cloveka. Takouto vyrobou je napr. vyroba peliet, ktord analyzujeme v naSom prispevku.
Vyroba drevnych peliet je v stiCasnosti ekonomicky vel'mi atraktivna aktivita. Ked’ze drevo je
prirodna surovina, proti vystavbe zariadeni na spracovanie dreva nie su protest verejnosti. Preto
prevadzky na spracovanie dreva a energetické celky (teplarne, kotolne) na baze dreva sa ¢asto
vybuduji v tesnej blizkosti obytnych budov. Neskor pribudaji staznosti obyvatelov na
prasnost’ alebo zapach z takychto prevadzok. Rozhodnutia organov ochrany ovzdu$ia sl
Vv takychto pripadoch stazeny tym, ze stale chyba Siroky rozsah vysledkov redlnych merani
vplyvov takychto prevadzok na znecistovanie ovzduSia v pracovnych priestoroch a vo
vonkajSich priestoroch v blizkom okoli prevadzok.

Podla (Guidance, 2012) celkové emisie TSP dosahuji 0,03 kg.t* peliet, ktoré s tvorené
prakticky z cCastic PMzs, t.j. menSich ako 2,5 pm. Nie je vSak zndme, akd je rozmerova
distribucia castic PM2 s a €i je prevadzka vyroby peliet vyznamnou prevadzkou z hl'adiska tvoby
ultrajemnych ¢astic. Redlna hodnota emisii PM a ich koncentracie v pracovnom prostredi, ako
aj rozptyl vo vonkajSom ovzdusi su pochopitelne ovplyvnené konkrétnymi lokalnymi
podmienkami prevadzky a poveternostnymi podmienkami.

Ciel'om tohto prispevku zistit’ stav pracovného ovzdusia pri vyrobe peliet, vratane skladu pilin
a emisie kotla na vykurovanie administrativnej ¢asti vyrobnej haly, fugitivne emisie z otvorenej
brany haly a predbeznym modelom odhadnat’ najvysSie moZné koncentracie PM na najbliZSej
obytnej budove.

Material a metodika

Vyroba peliet zahffia okrem murovanej vyrobnej haly murovant halu skladu suroviny — drevné
piliny s obsahom drevného prachu, kancelarske a socidlne priestory (na poschodi nad
technologickymi priestormi). Pohyb suroviny a vyrobku: Skladovanie pilin v hale - Silo pilin -
Dopravnik zo sila do granulatora — Granulator — VVzduchotechnicka jednotka na odséavanie
vzduchu od granulétora a z haly — Bali¢ka peliet. Vyrobené drevné peletky su takmer vyluéne
exportované na narocné zapadoeurdpske trhy.

Surovina na vyrobu drevnych peliet

Na vyrobu drevnych peliet sa dovaza vylozene sucha pilina z mechanického spracovania
ihlicnatého dreva s obsahom prachu, ktord sa priamo bez suSenia pouziva na vyrobu peliet.
V pilinach nesmie byt viac nez 19 % listnatého dreva. V danej vyrobe drevnych peliet odpada
Casto vyuzivana technologicka operacia suSenia pilin, ktord 6Ze byt aj vyznamnym zdrojom
nielen emisii tuhych znecistujucich latok, ale hlavne aj emisii prchavych organickych latok.
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Doprava a skladovanie pilin

Dopravu suroviny a odvoz vyrobkov zabezpeCia priemerne 3 kamiony denne. Kamiony
privazaju surovinu do osobitného hermeticky uzatvoriteI'ného skladu, kde sa vysype na hladka
betoénovu podlahu. Brana skladu sa otvara len na kratky ¢as pri vjazde kamiona a pri jeho
vyjazde, ako aj pri vjazde a vyjazde nakladaca, ktorym sa nakladaju dovezené piliny do sila.
Brana skladu je vSak otvorena len minimalnu dobu — pri nactvani kamionu 5 mindt, potom sa
brana zavrie, kamion vyprazdni, o¢isti a pri vychadzani kamidnu je brana otvorena 2 min0ty.
Toto je maximalne 3 krat za den. Priemerne 2 krat denne je potrebné nahrnut’ surovinu do sila.
Bréna je otvorena cca 1 minutu pri vstupe nakladaca a 1 minuatu pri vystupe. V ostatnom case
je brana hermeticky zatvorena. TakZe emisie z tejto brany su prakticky nulové a nebudeme
S touto operaciou uvazovat.

Vyroba drevenych peliet

Piliny zo skladu pilin sa dopravuju do vyrobnej haly. Davkovanie suroviny do granulatora je
dopravnikom zo sila, ktory je v sklade suroviny. Vo vyrobnej hale je umiestneny granulator
GAMA Pardubice, odsavacie a filtracné zariadenie ELBH RuZomberok, peletovy kotol
WOODY je danskej vyroby (www.nordjysk-bioenergi.dk) a balicka peliet, ktora nema vplyv
na kvalitu ovzdusia. Vylisované pelety sa pasovym dopravnikom dopravia do balicky peliet.
Manipulaciu s peletami zabezpecuje vysokozdvizny vozik LUGLI.

Granulator je kontinualne zariadenie je vhodné na granulovanie sypkych surovin, okrem iného
suenych pilin. Surovina je vtlatovana do otvoru matrice a zlisovany produkt je zo spodu rezany
na valéeky o priemere najéastejsie 16 mm a dizky podla poétu nastavenych nozov. Z déovodu
zamedzeniu nadmernej prasnosti v pracovnom priestore sa na granuldtor napaja odsavacie
zariadenie.

Maximalna spotreba pilin na vyrobu peliet 18,5 ton za den. Pracovny priestor v hale nie je
potrebné vykurovat, nakolko granuldtor vyprodukuje dostato¢né mnozstvo tepla. Kedze
vyrobna hala je intenzivne vyhrievana peletovacim strojom, preto je prakticky cely rok vetrana
stale otvorenou branou o rozmeroch 3,3 x 3,6 m. Vyhrevnost’ peliet sa pohybuje na urovni 18
MJ.kg™.

Vzduch od granuldtora je odsavany a ¢isteny odsavacou a filtratnou jednotkou ELBH
s patronovym filtrom FP. Patronovy filter FP 2/1000 ma odsavaci vykon 1730 m.h't a plochu
filtra 40 m?. Ma 2 papierové filtraéné patrony o dizke 1000 mm. Regenerdcia filtra sa
uskutoéiuje kazdych 15 — 30 s stladenym vzduchom. U¢innost’ odludovania filtra je velmi
vysoka 99,985 %. Tento filter zabezpecuje koncentraciu TSP v emisiach < 1 mg.m?, Vygisteny
vzduch je vyfukovany cez vyduch na Celnej stene haly (na opacnej strane ako je situovana
obytna budova) do vol'ného priestoru. Na tej istej strane je situovany dvojplastovy komin
0 vyske 9 m.

Malé mnozstvo vyrobenych peliet je palivom pre vykurovanie administrativnych priestorov.
Osobitnym zariadenim v prevéadzke je preto kotol na vykurovanie administrativnych priestorov,
teda nie je to sucast’ technologie. Menovity vykon kotla je 30 kW. Kotol ma spotrebu paliva —
drevnych peliet 6 t/rok. Maximalna denna spotreba paliva je 0,1 t/den.

Vo vzdialenosti 42 m od vyrobnej haly sa nachadza bytovy dom so $tyrmi podlaziami. Medzi
vyrobnou halou a bytovym domom je terénna vina do vysky 4 m a hospodarske budovy
obyvatel'ov domu. PozdlZ bytového domu je vedena malo frekventovana miestna cesta.

Kvantifikacia emisii z bodovyc miest znecist' ovania ovzdusia

Vypocet hmotnostnych tokov znecist'ujiicich latok z granuldtora Cistené patronovym filtrom
Vypocet hmotnostnych tokov znecistujucich latok z granulatora Cistené patronovym filtrom
Mrsp sa uskutoc¢ni podla tohto vztahu

Mrsp =V x ¢ x 10 [kg.h!]
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kde V — prietok odpadového plynu [mn®.h?]
¢ — koncentrécia TSP [mg.mn~]
10 - prepocet (1 mg = 10° kg)

Vypocet hmotnostnych tokov znelistujucich latok pri prevadzke kotla

Vypocet hmotnostnych tokov znecistujucich latok pri prevadzke kotla M sa vykona podl'a
nasledovného vzorca, pricom:

M=V xcx10® [kg.h?]

Symboly su rovnake ako v predchéadzajucom pripade.

Moznosti kvantifikdcie fugitivnych emisii

Je niekol’ko mozno odhadnut fugitivne emisie PM z vyroby peliet. Najjednoduch$im riesenim
je pouzit’ publikovany emisny faktor (Guidance, 2012). My sme vypracovali predbezny model
rozptylu PM do ovzdusia z vyroby peliet. Jeho podstatou je zistovanie tokov vzduchu na
velkorozmerovej brane. Druhym krokom je meranie hmotnostnych koncentracii PM v hornej
tretine velkorozmerovej brany. Vypocitany hmotnostny tok sa v tretom kroku pouzije na
vypocet rozptylu PM schvalenym programom (do 100 m) (Informacia o postupe vypocétu,
1996).

Vysledky a diskusia
Miesta emisii z prevadzky vyroby drevenych peliet
1. Granulator — vyduch z patrénového filtra
2. Kotol na drevne palivo - komin
3. Fugitivne emisie z:
e otvorenej brany vyrobnej haly
e otvorenej brany skladovacej haly pri vjazde a vyjazde kamidnu a nakladaca
suroviny
4. Dopravy suroviny a odvozu vyrobku v areali prevadzky, ¢o je priblizne len 50 metrov
od cesty.

Tuhé znecist'ujuce latky st pri danej technoldgii z dvoch evidovanych bodovych miest:
e vyduch z patronového filtra
e komin z kotla na drevné pelety.

Doprava suroviny a peliet (priemerne 3 kamidny denne) méa prakticky nulovy vplyv z hl'adiska
emisii.

Emisie z granulatora distené patrénovym filtrom
Hmotnostné toky vypocitané z garancii dodavatel'a sit ve'mi nizke
Mz = 1700 1x 10°=0,0017 [kg.h™!]

Emisie z kotla

Vypocty vychadzaju z autorizovaného testu kotla v Dansku (Report no.: 300-ELAB-1765).
Vysledky st uvedené v tab. 1.
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Tab 1 Vysledky testu pri nominalnom vykone (A) a pri nizkom vykone (B)
Tab 1 Test results at nominal power (A) and low power (B)

Parameter Jednotka Hodnota (A) Hodnota (B)
Trvanie testu h 6 6
Spotreba paliva kg.h? 4,93 1,48
Vyhrevnost’ MJ.kg? 18,247 18,230
Prikon kw 24,97 7,47
Utinnost % 94,7 92,9
Teplota spalin °C 87 69
Prietok spalin mé.ht 50,4 27,9
Hmotnostny tok spalin kg.h? 49,6 28,8
CO: % 12,6 6,1
Koncentracia TZL pri 10% O, mg.my3 5 5
CO pri10% O; mg.my 3 130 308
TOC pri 10% O mg.mp3 6 6
NOx (NO;) pri 10% O, mg.m;3 234 232

Pre rozptylovt $tudiu volime najhorsie varianty, ovel’a nepriaznivej$ie hodnoty v porovnani
S autorizovanymi meraniami, ktoré tento kotol za Ziadnych podmienok neméze vyprodukovat’
pri spal’ovani peliet:

e Prietok spalin 50 ma®.h (pri obsahu Oz 10%); Pozn. Najvyssi prietok spalin pri prepocte
287 °C na 0 °C a z obsahu kyslika cca 8 % na 10 % by bol cca 45 ma3.h2, pre postidenie
sme zamerne zvolili najvyssiu hodnotu, ktora sa neda prekrocit pri nijakom intenzivnom
kareni.

e Koncentracia TZL 20 mg.mn3; Pozn.: Volime o vyse 200 % vyssiu koncentrdciu akd bola
namerand a ktora by sa ani nevhodnym spésobom prevadzkovania nedala dosiahnut.

Za uvedenych podmienok hmotnostny tok TSP bude 50 x 20 x 10°= 0,001 kg.h™.

Vypocet mnoZstva emisii podl’a emisného faktora

Publikovany emisny faktor TSP je 0,03 kg.t* peliet (Guidance, 2012). Menovity vykon
granulatora je 18,5 ton za den, ¢o predstavuje teoreticky priemerny hodinovy vykon 771 kg pri
rozpocte na 24 h. Granulator vSak nemoze byt prevadzkovany 24 h a jeho hodinovy vykon je
vys$si. V manuali granulatora je uvedena kapacita vyroby peliet 800 — 1200 kg.h, ¢o zavisi od
spracovavanej suroviny, rozmerov Castic, vlhkosti a 1.

Skuto¢ny pracovny ¢as v prevadzke je max. 12 hod/den (pracuje sa na dve smeny), pricom
prevadzka podl'a prevadzkovej dokumentécie (evidencia o spotrebe paliva) redlne vyrobi okolo
3 500 t/rok peliet a spotreba pilin je 0 nieco vacsia 3 520 t/rok = 9,785 t/den (teda priblizne do
10 t/ defi). Predstavuje to redlny priemerny vykon 0,815 t.h™.

Maximalny hmotnostny tok TSP (mvsp) bude
mrsp = 0,03 x 1,2 x 10® = 36,0 g.h?

Realny hmotnostny tok TSP (mTSP) bude
mrsp = 0,03 x 0,815 x 10° = 24,4 g.ht

Tento zdroj znecCistovania ovzdusSia je zaradeny medzi malé zdroje na zaklade tejto bilancie:
Ked'ze hustota suchého ihli¢natého dreva je minimalne 0,37 t.m™, vypodéitany ¢isty teoreticky
objem spracovaného dreva za defi je maximalne 18,5 : 0,37 = 50 m®. Sypny objem pilin je
pochopitelne vacsi. Pri sypnej hmotnosti pilin 0,188 t.m™ je denna spotreba objemu sypanych
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pilin 18,5: 0,188 = 98,4 m®. Kedze kapacita granultora je menej nez 100 m3 spracovanej
drevnej suroviny denne, zdroj vyroba peliet patri do kategorie malych zdrojov.

Vypocet mnoZstva emisii podl’a nového modelu
Pomery prudenia vzduchu cez branu vyrobnej haly boli nasledovné:
e pradenic vzduchu do haly od podlahy do cca dvoch tretin vySky brany o rychlosti
pradenia 0,3 1,3 m.s?
e vystup vzduchu z brany od cca dvoch tretin vySky brany do vonkajSicho ovzdusia
o rychlosti 0,4 — 0,6 m.s™™. Priemerna rychlost uniku TZL z haly 0,5 m.s™.

Meranie bolo uskuto¢nené v marci. Pri inych teplotnych pomeroch mézu byt pomery prudenia
opacné — V lete v Case vysokych vonkajsich teplot horuci vzduch z vonku by pravdepodobne
pradil z hora a prudenie z haly zo spodu. Vzhl'adom na odsavanie vzduchu z haly cez patrénovy
filter je, Zze viac vzduchu prudi do vyrobnej haly ako naopak z vyrobnej haly. Preto meraniu
pomerov prudenia vzduchu treba venovat’ vel'ka pozornost’.

Priemerné koncentracii TZL boli vyrazne nizsie ako 10 mg.m=. Ale do matematického modelu
vypoctu rozptylu bude vzata najvyssia hodnota koncentracie prachu v pracovnom prostredi 10
mg.m3. Unikova plocha brany (jedna tretina plochy brany) 3,3 x 3,6/3 = 3,96 m?. Najvyssi
mozny hmotnostny tok fugitivnych emisii cez otvorent branu bude

mrsp = 3,96 X 0,5x 10 x 10°=0,02 g.s*.

Tato hodnota je vyrazne nizSia ako hodnota vypoctu podla emisného faktora. Kompletna
vyroba peliet zahfiia mletie Stiepok, suSenie pilin, peletovanie, chladenie peliet a balenie do
folii. Z hladiska emisii PM pri hodnotenej vyrobe peliet chybaji najzavaznejSie operacie —
mletie a suSenie, pricom aj na chladenie peliet je minimalne doba a eSte hortce peletky su
zabalené. Preto pre takyto pripad, ktory je dost’ ¢asty pri malych prevadzkach, nie je mozné
pouzit emisny faktor na vypocet emisii. Takze vypocet fugitivnych emisii podl'a nového
modelu povazujeme za spravnejsi pre dany pripad. Aj tento vypocet ukazuje, ze fugivne emisie
PM cez branu su ovel’a vyssie ako emisie z granulatora a z kotla.

Dalej uvadzame vypodet rozptylu fugitivnych emisii na atike najbliziej obytnej budovy (tab.
2).

Zaver
Prevadzka vyroby peliet ovzdusia vyptsta emisie tuhych znecist'ujacich latok (PM):

« v spalinach z bodového miesta z komina

+ z granulatora po ich ¢isteni patronovym filtrom

 z otvorenej brany vyrobnej haly.
Vypocet podl'a emisného faktora poskytuje vel'mi vysoké hodnoty fugitivnych emisii PM, ¢o
moze byt sposobené aj tym, Ze do prevadzky st dodavané suché piliny a proces susenia odpada.
Bol navrhnuty novy model vypoctu fugitivnych emisii, ktory je kombinaciou merani
a modelovania rozptylu, ktory moZze poskytnut redlnejsie vysledky.
Predbeznym modelom bola zistend teoreticky najvyssia hodnota hmotnostnej koncentracie 38,1
ug.m3 respirabilnej frakcie PM1o na atike najbliziej obytnej budovy (vo vzdialenosti 42 m od
zdroja), pri¢om najviésim prispevkom sa na tom podiel'aju fugitivne emisie 37,6 pg.m=. Tento
pripad by nastal len zriedkavo za suchého pocasia a rychlosti pradenia vetra 4 m.s™ presne
smerom od zdroja k obytnej budove.
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Tab 2 Vypocet rozptylu fugitivnych emisii na atike najblizej obytnej budovy
Tab 2 Calculation of fugitive emissions scattering at the nearest residential building

Vstupné Udaje

Oznad. | Jednotka | hod.
Objemovy tok emitovaného plynu Vs mns.st 1,98
Vyska koruny komina H m 55
Vzdialenost’ posudz. bodu od osi komina X m 415
Vyska bodu nad rovinou péty komina Z m 9,6
Rychlost vetra vo vyike 10 m nad zemou u m.st 1 2] 3] 4] 5] 6] 7] 8] 9]  10] 11| 12 ] 13]
Hmotnostny tok emitovanej TZL M g.s?t 0,0198
Teplota emisie ts °C 22
Pomocné vypocty

kl.m3.K-

Merné teplo emisie Cs ! 1
Tepelna vydatnost’ emitovaného plynu
Q=10"3Vs.Cs.ts Q MW 0,0436
-(h-2)"2/2*62"2 -18,270 | -2,478| -0,559 -0,126| -0,017| 0,000| -0,014| -0,038| -0,063| -0,088| -0,111| -0,131| -0,150
-(h+2)"2/2*02"2 -53,306 | -21,168 | -14,247| -11,441| -9,960| -9,057 | -8,454| -8,024| -7,703 | -7,455| -7,258| -7,099| -6,966
Tabul'ka vyslednych hodnét koncentricie TZL v posudzovanom bode na atike susednej budovy
Rychlost vetra vo vySke 10 m nad zemou u m.s?! 1 2 3 4 5 6 7 8 9 10 11 12 13
Rychlost vetra vo vyske koruny komina
uk=u.(0,1.H)% Uk m.s*! 0,9197| 1,8394| 2,7591 3,6788| 4,5985| 55183 | 6,4380| 7,3577|8,2774]9,1971| 10,1168 | 11,0365 | 11,9562
Prevysenie vlecky
h=H+7,34.[(Q%?5.X%573)/u1-148] h m 36,713 | 19,5685| 14,343 11,856 | 10,419| 9,490| 8,843| 8,368| 8,005| 7,720| 7,490| 7,301 7,143
Smerodajné odchylka rozptylu ZL - Y
ov=0,156.X%% oY m 4,6297 | 4,6297 | 4,6297 4,6297 | 4,6297 | 4,6297 | 4,6297 | 4,6297 | 4,6297 | 4,6297 | 4,6297 | 4,6297| 4,6297
Smerodajna odchylka rozptylu ZL - Z
62=0,239.X°787 6z m 4,4854 | 4,4854 | 4,4854 4,4854 | 4,4854 | 4,4854 | 4,4854 | 4,4854 | 4,4854 | 4,4854 | 4,4854 | 4,4854| 4,4854
A=(103.M)/(2.1.62.0v.Uk+Vs) 0,1651| 0,0825| 0,0550| 0,0413| 0,0330 | 0,0275| 0,0236 | 0,0206 | 0,0183 | 0,0165| 0,0150| 0,0138| 0,0127
B={[e (-2"2/2.022)]4[g-((42)"2)/2.022)]} 0,0000| 0,0839| 0,5717 0,8812 | 0,9834 | 0,9997 | 0,9859 | 0,9630 | 0,9388 | 0,9159| 0,8952| 0,8769| 0,8606
Koncentracia v posudzovanom bode X mg.m3 0,0000 | 0,0069| 0,0315 0,0364| 0,0325| 0,0275]| 0,0233 | 0,0199|0,0172|0,0151| 0,0134| 0,0121| 0,0109
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Sprava zo Studijnej navstevy partnerov k projektu RUINS
Report from the study visit of partners to the RUINS project.

lvan Murin

PhDr. lvan Murin, PhD., Katedra socidlnych studii a etnoldgie, Filozoficka fakulta, Univerzita
Mateja Bela v Banskej Bystrii, Tajovského 51, 974 01 Banskd Bystrica, e-mail:

DOI http://dx.doi.org/10.24040/actaem.2018.20.1.105-108

V dioch 18. a19. decembra 2017 bol Univerzitou Mateja Bela v Banskej Bystrici
zorganizovany Studijny pobyt partnerov medzinarodného projektu Interreg Central Europe
»Sustainable re-use, preservation and modern management of historical ruins in Central Europe
- elaboration of integrated model and guidelines based on the synthesis of the best European
experiences (RUINS) logo (obr 1 )« (

). Zodpovednym pracoviskom projektu je Katedra socidlnych studii
a etnologie Filozofickej fakulty UMB a Univerzitné centrum pre medzinarodné projekty.
Medzidisciplinarne zameranie témy projektu umoznilo viacerym riesSitelom z d’alSich dvoch
fakult zapojit' sa do vyskumného timu UMB, z Fakulty prirodnych vied az Ekonomickej
fakulty.

mterreg &

European Union

CENTRAL EURO P A el
RUINS

Obr 1 Logo RUINS

Prezentaciu vyskumnych metdd v oblasti zakladného vyskumu, manazmentu a udrzatelnosti
kultarneho dediCstva sa realizovala v Banskej Bystrici ako aj vo vybranej vyskumnej lokalite
Bzovik. Na§ UMB riesitel'sky tim prezentoval svoje aktualne metody a techniky v partnerskej
spolupréci s prezentaciou technologickych analyz Ustavu teoretické a aplikované mechaniky
AV CR, v. v. i. v Teléi.

Po uvitani organizatorov a Uvodnych prlhovoroch prorektorky UMB pre vedu a vyskum doc.
PhDr. Alexandry Bitusikovej a riaditela Ustavu teoretické a aplikované mechaniky AV CR, v.
v. 1. Prof. Ing. MiloSa Drdéackého, DrSc., dr. h. c. (obr.1) zacala prednéskova ¢ast’ oboznamenim
sa partnerov s vyberom vyskumnej lokality Bzovik, prehl'adom jej historie v prednaske Mgr.
Dagmar Majerovej, PhD. z Filozofickej fakulty UMB. Vyziadané prednasky asociovaného
partnera projektu Pamiatkového Uradu Slovenskej republiky smerovali k informaciam o stave
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a ochrane historickych ruin na Slovensku (Ing. arch. Zuzana Klasovd), k ich archeologii,
technickym otazkam a restaurovaniu (Mgr. Martin Mifio).

Pracovny program workshopov in situ otvoril starosta Obce Bzovik Boris Sedmak. Nasledne
sa postupne realizovali tematické vedecke prezentacie a workshopy (obr 4) :

1. Technologicky workshop (podkrovie pod drevenou strechou juhozapadnej basty Bzovika,
obr.3) s témami Historické drevené stavby vratane analyzy technoldgii, Analyza drevenych
stavebnych prvkov s témami a prednasajiicimi: Ing., Jifi Blaha, Ph.D., Prof. Ing. Milo§ Drdéacky
DrSc., dr. h. c., Ing. Michal Kloiber, Ing. Jaroslav Hrivnak, Ph.D., Ing. Tomas Kracek, Ing.
Jakub Novotny.

2. Workshop biologickych a geologickych analyz (miesto na prizemi strechou juhozédpadnej
basty Bzovika) Analyza kamennych stavebnych prvkov a zapojenie zelene, s témami a
prednasajiicimi: prof. RNDr. Jan Spisiak, DrSc., Fakulta prirodnych vied, Katedra geografie
a geologie, prof. RNDr. Peter Andras, CSc., Fakulta prirodnych vied, Katedra zivotné¢ho
prostredia, doc. RNDr. Ingrid Turisov4, PhD., Fakulta prirodnych vied, Katedra bioldgie
a ekologie.

3. Workshop digitalizacie a vizualizdacie shiziace k aplikovanému vyskumu, dokumentacii
a marketingu: Ing. Pavol Midula Katedra bioldgie a ekoldgie, Fakulta prirodnych vied, RNDr.
Matej Masny, PhD., Centrum geoinformatiky a digitalnych technolégii — CGI, Mgr. Michal
Filadelfi, Univerzitné centrum pre medzinarodné projekty.

4. Workshop riadenie a prezentovania marketingovych nastrojov Kk vyuzitiu kultirneho
dedicstva (miesto realizacie Obecny Urad Bzovik) s prednasajiacimi: doc. Ing. Anna Vanova,
PhD., Katedra verejnej ekonomiky a regionédlneho rozvoja, Ekonomicka fakulta, Ing. Kamila
Borsekova, PhD., Centrum pre vyskum a vyvoj, Ekonomicka fakulta.

5. Workshop: Lokdlne spolocenstvo, kultirne dedicstvo a rizika (miesto realizacie Obecny urad
Bzovik) v téme Kontakt miestneho obyvatel'stva s kultirnym dedi¢stvom a predchadzanie
rizikdm, s prednasajicimi: PhDr. Ivan Murin, PhD., Mgr. Ivan Soucek, PhD., Mgr. Dagmara
Majerova, PhD., RNDr. Jana Jad'ud’ova, PhD., prof. RNDr. Iveta Markova, PhD.

Druhy dent pokracovalo zasadanie Riadiaceho vyboru projektu RUINS na pdde Rektoratu
UMB. Veduci pracovnych balikov prezentovali Ulohy v roku 2018, ktory je rokom kultirneho
dediéstva. VSetci riesitelia zapojeni v projekte z pracovisk UMB boli pozvani k zostaveniu
jednotlivych kapitol do publikacii aplikovania ich metod (best practice books, guidelines) pre
organizaciu UNESCO, a poziadani predlozit’ prezentacie k tematickej konferencii Jagelonskej
univerzity v Krakove v novembri 2018. Vyskumna skupina témy Lokdlne spolocenstvo a
kulturne dedicstvo (Murin, Majerova, Soucek, Jadud’ova) zrealizuje v prvej polovici roku 2018
vo vybranych lokalitdch vSetkych partnerov projektu overovaci vyskum kontaktovania l'udi
s kultarnym dedi¢stvom. V lokalite Bzovik sa vroku 2019 bud( aplikovat' realizacie
k manazmentu, zachovaniu a bezpecnému vyuzitiu stredovekych ruin. RieSitelov projektu
potesil aj zaujem Rozhlasu a televizie Slovenska o informécie z konanej aktivity.
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L

basta Obr 2 Juhozapadna basta

A 3 ' -
Obr 3 Otvorenie stretnutia na Rektorate UMB (zl'ava: PhDr. Ivan Murin, PhD., doc. PhDr. Bitusikova, PhD., prof.
PhDr. Drdacky, CSc.)
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Obr 5 Partneri a riesitelia projektu RUINS
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