IIposedeni Odocaidscenns wnsaxie 3abesnewenns
eKon0ziunoi Ge3nexu pexpeauiiinux mepumopii 2ip-
CbKOi exocucmeMu Ha NPuKIaA0i HAUIOHATLHOZ0 NPU-
poonozo napxy (HIII) <«Buscnuuvkuii> Iloxymcoko-
byxoeuncokux Kapnam. IIpoananizoeano icnyioui
nidxoou 3abe3neuenns exonoziunoi Gesnexu 06’exmie
npupooHo-3ano6ionozo Gondy. Ipusedena xapax-
mepucmuxa peziony oOocaidxcenv. 3anpononosana
KOHyenyis 3abesneueHHs exonoziunoi Gesnexu pex-
peauiiinux mepumopiii, aKa epYHMYemovcs Ha AHATI31
CKIA006UX MA 6CMAHOGNEHHI MUX KOMNOHEHMIE,
nokpawents aKux 3abdesneuums 6i0noGionHul pisets
exonoeiunoi 6esnexu HIIII. Pospooaenuii anzopumm
npPoBeOeHHs. MeOPEMUMHUX MA eKCREPUMEHMATLHUX
docaidscenv 0N OUinKU canimapho-mixpooionoziu-
HO20 cmany ammocepu, ziopocepu ma epynmis
6 paiioni 0ocnidxcenb ma ix enausy Ha exoJa02iMHy
Oeanery HIIII.

3 yinno ananizy cmamy pexpeaviinux mepu-
mopiil 2ipcokoi exocucmemu nposedeHuli MOHIMO-
PpuHe canimapno-mixpo0ioo2innux ma canimapho-e-
KOJl02iuHUX noxazHuxie ziopocepu, ammocdepu
ma epynmie ma idenmuixayis exon02iMHUX 3a2po3.
3anpononogano 0as 3abesneuenns 36epedicenns
JiMimosanux 3navenv Canimapio-mikpooionozitnux
ma canimapHo-exo02iMHUX noKasHukie ziopocepu
naanyeamu 3axoou w000 iHmencudixayii Gionoziu-
HUX NPUPOOHUX NPOUECI8 CAMOOUUWEHHS NOBEPXHE-
6ux 600 6 30Hi mepumopiil pexpeauii. Pezynvmamu
MoOHImopuzy ammocgeprozo nosimps 6 30Hi mepu-
mopiil pexpeauii ceéiduamv npo me, wo emicm
aepoionie 6 2,4 pasu euwuil, a 3azaavie MiKpoOHe
wucno 6 1,5 pasu nuxcue, HiKnc Ha mepumopii mpaou-
uitinozo 2o0cnodaprosanns. Tomy ammocepa 30nu
pexpeauii ne nompedye peanizauii 0yov-aKux mex-
HIYHUX 3ax00i6 015 il noKpawents. 3anponorosana
cucmema invcenepHux 3axo0ie 0na cmaodinizauii exo-
J1021410i Oe3nexu 6 30HI pexpeauitinux mepumopii
(uxopucmanns 60a0KHUCMO20 HoCia <Bia») 0ns
inmencuixayii ouuwenHs nogepxXHesUxX 8000UM ma
ymunizauis depesHux 6i0x00i6 WAAXOM 6U20MOBIIEH-
Hs Oionanuea).

Bnpoeaodicenns 3anpononosanux 3axooie 0ono-
Modice 0o0umucy cmabinizauii exonoziunoi Geznexu
peKpeauiiinux mepumopiil 2ipcokoi exocucmemu

Kmouosi cnosa: exonoziuna 6esnexa, pexpeauiii-
Hi mepumopii, canimapno-mikpo6ionoziuni noxasnu-
KU, Canimapno-exon02ivni nOKA3HUKU, MOHImopune,
2iopocpepa
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1. Introduction

One of the functions of national nature parks, in addition
to preservation and restoration of landscape and biodiver-
sity, is to provide opportunities for recreation and health
improvement for the population. One should note that the
mentioned sphere of services has a strong economic basis
for the development of nature reserve objects. At the same
time, an increase in anthropogenic pressure accompanies
the development of recreation on nature reserve areas. Un-
reasonable development of recreation in these territories
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leads to disturbance of environmental balance. It causes a
breakdown of environmental and technogenic safety of the
region (excessive contamination of soil and watercourses,
disturbance of landscapes and destruction of flora and fauna,
occurrence of fires, etc.).

The threat to the environmental safety of the region
became acute in the mountainous part of the Ukrainian
Carpathians in recent years due to the anthropogenic in-
fluence. The registered heavy floods in the Ukrainian part
of the Danube basin at the end of the XX beginning of the
XXT century confirm the fact clearly.



Recreational territories are at risk due to the effect of an-
thropogenic activity [1, 2] and pollution by the waste of neigh-
boring residential areas [3,4] regardless of their location.
The Pokutsko-Bukovynian Carpathians have environmental
problems, which are typical for the whole Carpathian region.
However, they have their specificity due to transboundary
conditions, peculiarities of climatic conditions, traditional
farming, etc. There is destruction of mountain landscapes,
destruction of biodiversity and erosion of soil cover due to
irrational forestry, plowing and cutting of slopes, construction
of roads, grazing of livestock, etc. One also observes periodic
floods. Mountain ecosystems became rather vulnerable due
to human economic activity. They require, if not complete
protection, at least careful attitude and balanced use. There-
fore, it is necessary to analyze and forecast ways of balanced
development in the face of modern challenges, in order to im-
plement the main regulations of the Carpathian Convention
and to create environmentally safe conditions in the region.

Sanitary-hygienic and microbiological indicators can be
quite promising for assessment of the environmental status
of recreational territories and for forecasting of recreational
load. They are still underutilized for these purposes.

That is why the substantiation of the necessity to comply
with environmental safety requirements in the development
of recreational territories of nature reserve objects is a rele-
vant task. We analyzed and investigated it in this study.

2. Literature review and problem statement

The most universal nature reserve stock facilities for
recreational activity are national nature parks (NNPs).
NNP provides a universal ratio of different activities and
corresponding functional zones. Creation of four functional
zones in NPP territories is usual in the world practice and in
Ukraine. The zones are:

1) protected zone;

2) regulated recreation zone;

3) stationary recreation zone;

4) economic zone.

There are individual modes of protection and use of natu-
ral resources for each of the zones according to their features.
All economic activities of a NNP take place in accordance
with zone modes.

The territory of the protected zone has the strictest mode
of protection. It is intended to preserve the most valuable
natural-territorial complexes. It is possible to have a short
rest on the territory of the regulated recreation area, but it is
forbidden to cut down forests, all kinds of industrial fishing
and any other form of activity, which may affect the condi-
tion of the territory and objects of the area negatively. There
may be hotels, campsites, motels in a stationary recreation
area, but it any activity, which that is not targeted to the
area or can cause environmental damage, is forbidden. An
economic area is intended for economic activity in accor-
dance with the purpose of an NNP [5].

Authors of papers [6, 7] present the results of studies,
which show that some NNPs (Carpathian NNP, Shatsky
NNP, Holy Mountain NNP) are undergoing a significant
recreational load. But the issues of optimal recreational load
for newly established parks remain unresolved. The reasons
may be a short functioning period of these parks and an in-
sufficient degree of study of the impact of recreational load
on the environment of an NNP.

Researchers [8, 9] state that the environmental state
of recreational zones of the Carpathian National Nature
Park is at considerable risk due to an increased impact of
recreational activities. The degradation of territories due
to recreational activity has a wide range of manifestations
within the paths of environmental trails to Hoverla Moun-
tain. They include trampling of grass and forest floor, erosion
processes on slopes, damage to bushes and trees, littering of
territories. The created noise load scares animals and birds.
Access roads are a particular danger. Motor transport causes
formation of geochemical anomalies with a high content of
heavy metals along roads.

Broadening of access roads causes formation of land-
slides, sloughs and landslips. However, a number of issues re-
lated to the impact of anthropogenic changes on Carpathian
vegetation remain unresolved. Publication [8] investigates
the results of the analysis of the anatomical structure of leaf
blades of narrow-leaved fescue grass on the example of Fes-
tuca valesiaca agg. (Poaceae) populations. There is a study
in the same perspective in publication [9]. It reports results
of the studies on recreational digression by indicators of
change in microrelief. However, the mentioned studies refer
to the conditions of the Carpathian NNP only. One cannot
apply them to all NNPs with different conditions.

Work [10] shows the degradation role of anthropogenic
load in the occurrence of recreational digression in the ter-
ritory of Shatsky NNP. Authors carried out studies in the
area of stationary and regulated recreation. The obtained
results show that the existing recreational activity plan
does not make possible recovering of natural components of
the park. The issue of the analysis of causes of recreational
digression on the territory of Shatsky National Park remains
unresolved. Authors of paper [11] state that the cause is
functioning of the Hotislavsky Quarry, which is close to
Shatsky NNP. Its activity leads to a reduction in the surface
runoff of rivers, a decrease in the reach of local lakes, which
may lead to disappearance of a number of populations of The
Red Book plants and animals in future. Therefore, we need
profound studies on the impact of economic activity on the
state of NNPs.

Authors of a work [12] investigate an influence of recre-
ational-and-tourist complexes located in the area of station-
ary recreation on the river water quality on the example of
“Zacharovanniy kray” NNP. They registered the exceeding
of the biological oxygen consumption indicator at the level
of 1.6-2.6 values of maximum permissible concentration,
which indicates organic pollution. A decrease of the indica-
tor during periods of a decrease in the number of recreants
only confirms the negative influence of recreants on func-
tional areas of protected territories.

Studies [13] established the destructive impact of rec-
reation on the protected territories of “Kinburnska Kosa”
regional landscape park and the adjacent “Svyatoslav’s Bi-
loberezhya” NNP. The sites are located within the Kinburn
Peninsula. It is possible to resolve the problem by approval
of the distribution of park areas, which will prevent exceed-
ing of recreation rates and reduce the risk of poaching. It is
expedient to introduce zoning in “Vizhnytsky” NNP. The
preliminary stage of zoning is environmental monitoring.
The mentioned studies investigate it.

Studies in paper [14] show a connection between in-
creasing recreational load on a landscape and a degree of its
degradation on the example of “Ojcow National Park” and
“Tatrzhansky National Park” of Poland and the English na-



tional parks, such as ‘The lake Dictrict” and “Exmoor”. The
degradation occurred mainly due to a significant increase in
visitor traffic. As a consequence, construction of highways,
an impact of road transport, an increase in a number of hotel
buildings, etc., put representative properties of the national
parks on the edge of existence. This fact reaffirms a need for
regulation of recreation and zoning of NNPs based on envi-
ronmental monitoring data.

Studies [15, 16] consider changes in the environmental
state of soil and plant environment of recreational areas.
There is a decrease in the resistance of plants to various
types of diseases and differences of herbaceous species com-
position from undisturbed forest in places for recreation.
Consequently, there is reduction of biomass of litter, soil
compaction, a change of air permeability and moisture per-
meability of soil. Therefore, there is a need for a thorough
study of a change in the soil environment in NNP, which is
part of the studies below.

Author of work [17] present typification of negative
impacts on the environmental state of recreational zones.
There are following typical impacts on recreational areas
of protected areas: soil erosion and compaction, damage to
plants, water pollution, increased frequency of fires, van-
dalism and noise. The author proposes various means of
minimization of negative impacts. They include encouraging
to choose leisure activities with a low negative impact. This
aspect requires further investigation under conditions of
“Vizhnytsky” NNP.

Author of study [18] analyzes negative effects of tour-
ism on the state of the most common national parks in the
United States. Along with the common typical problems
outlined above, there is increasing damage to the animal
world. For example, the excessive use of snowmobiles in
winter at the Yellowstone National Park and aircraft in the
Grand Canyon National Park created an excessive noise
load, which reduced populations of the most sensitive birds.
Therefore, there were significant restrictions imposed on the
use of snowmobiles and aircraft. It is expedient to apply such
measures to ensure preservation of environmental standards
in “Vizhnytsky” NNP.

Researchers analyzed the environmental state of protect-
ed recreational territories under a negative impact of moun-
tain and equestrian recreational services on the territory
of Australia’s mountain reserves [19]. The identified major
problems include significant trampling of the territory and
alteration of the grass cover and water pollution as a result.
At the same time, atmospheric air pollution is insignificant,
which correlates with our studies entirely. There are results
of our studies summarized below.

Authors of work [20] investigated the environmental
state of recreation in the territory of national parks of Rus-
sia. They found significant changes in the soil cover on 80—
90 % of popular recreational routes. However, there were no
statistically high correlation between a number of recreants
and the extent of damage to forests. Researchers found a
decrease in ability of forest ecosystems to restore and a
significant reduction in species diversity in recreation zones
in paper [21]. In addition, they registered a sharp decrease
in grass cover from 86 % to 8.9 % with the predominance of
weed species in recreation zones. One needs further studies
to establish a correlation between environmental state and
recreational load.

Studies [22, 23] considered assessment of the impact of
recreational activity on preservation of particularly valuable

protected territories. They emphasized the role of continu-
ous monitoring of the environment in recreation zones. They
stated that, provided that their condition stabilizes, recre-
ational activities can be one of the important components of
filling of budgets, especially for regions, which are poor in
other types of resources.

The general tendency in minimization of the impact of
anthropogenic activity on NNPs is the use of renewable ener-
gy sources [24] to prevent pollution of the hydrosphere. The
sources are natural sorbents [25], membrane methods [26]
and biological natural purification methods [27].

Thus, our analysis of the environmental state of recre-
ational zones of protected areas in Ukraine, and globally,
showed the presence of degrading impact of recreational
activities on the state of protected territories. This kind
of influence reaches critical values in presence of large
numbers of recreational activities, and threatens to de-
stroy representative properties of recreational territories.
Therefore, constant control, environmental monitoring
and assessment of the quality composition of protected
territories are prerequisites for prevention of their deg-
radation.

3. The aim and objectives of the study

The aim of this study was to assess a level of environmen-
tal safety of recreational territories of a mountain ecosystem
on the example of “Vizhnitsky” National Nature Park of the
Pokutsko-Bukovynian Carpathians.

It was necessary to resolve the following tasks to achieve
the objective:

— proposition of a conceptual scheme of environmental
safety of NNP recreational territories and development of
an algorithm for conduction of theoretical and experimental
studies;

— monitoring of sanitary-microbiological and sani-
tary-environmental indicators of hydrosphere, atmosphere
and soils in the territory of recreational zones on the example
of “Vizhnitsky” National Nature Park of the Pokutsko-Bu-
kovynian Carpathians; to identificate threats and challenges
for environmental safety of stationary and regulated zones of
the object under study;

— development of a system of engineering solutions for a
decrease in the level of environmental danger in recreational
territories on the example of “Vizhnitsky” National Nature
Park of the Pokutsko-Bukovynian Carpathians.

4. Materials and methods to study environmental safety
and monitor environmental safety sources

4. 1. Methodology for the study on drying of ground
wood waste

It is necessary to study the effect of a speed of the
thermal agent, its temperature, thickness of a layer on the
drying process of wood waste to organize the technological
process of drying properly. We carried out experimental
studies on the process of drying of forest waste at different
material layer height and different temperature of a ther-
mal agent.

The studies on the drying of grinded wood waste were
carried out at the experimental plant. There is a detailed
description of the plant in a paper [28].



4. 2. Methodology to study the formation of fuel bri-
quettes of wood waste

Fuel briquettes were fabricated at a hydraulic press
(Fig. 1). We placed a mould for formation of briquettes in
the hydraulic press.

Fig. 1. Hydraulic press used to form fuel briquettes

A constant weight of wood waste and a weight of binding
agent was added, which was measured according to percent-
age content, for pressing of a briquette. We carried out the
experiments mixing components and supplying a binding
agent to the center of the mold.

The heat capacity of briquettes was determined in line
with the method described in work [29].

We determined the moisture content of raw materials
in the drying chamber heated to a temperature of 105 °C
according to the method described in paper [30]. The sample
was weighed on the analytical scales and placed in the cham-
ber. We took the samples out after equal time intervals and
placed them in a desiccator for 1,800 s. We took the samples
out and weighed after. The experiment was repeated until
the difference between two weights was less than 11077 kg.
One could consider the mass of the last weighing as constant
after reaching the mentioned ratio, so the experiment was
completed and we calculated the moisture content.

4. 3. Methodology for determining the concentration
of air ions in the atmospheric air

We determined the concentration of air ions using
MAC-01 portable meter of air masses (the installed mobility
level was 0.4 cm?/V-s) according to the manual (MAC-03
device) [31]. Modern air ion meters have large relative mea-
surement errors (40-50 %), which requires a large number
of measurements to obtain reliable data. One measurement
consists of determination of the average value for each po-
larity at 25 readings according to the MAC-01 instruction
manual. A degree of ionization of the air environment was
determined by a number of ions of each polarity in one cubic
centimeter of air. The unipolarity indicator was calculated
according to the measurement results. It is defined as a ratio
of a concentration of positive air ions to the concentration of
negative ones [32]:

U=n*/n". ©)

We used the indicators specified in the Soviet normative
documents and indicators used in Russian SanPiN current-

ly, because there are no valid sanitary standards in Ukraine
in the field of normalization of air ionization indicators. Ac-
cordingly, the normalized value of this indicator was in the
range of 0.4<U<1.0.

4. 4. Methodology for studying the microbiological
and biological activity of soils

We carried out soil sampling using the method of an
envelope of 5x5 m size in four times repetition. The joint
sample was made by mixing five spot samples taken from a
single site at a depth of 10—15 cm at a distance of 5 m from
roads and forest clearings. Microorganisms were separated
from soil samples; calculation for the total number was per-
formed according to the methods described in paper [33].
We calculated the arithmetic average and the total micro-
bial number using the sum of colonies grown on two plates
of one cultivation. The results of parallel seeding from the
same cultivation were summarized and the average number
of colonies was determined. Results of the analysis were
presented in colony forming units per 1 g of absolutely dry
soil. We calculated the number of cells per 1 ml of the studied
substrate by formula (2):

M=V A 10n, 2)

where M is the number of cells per 1 ml of suspension; A is the
average number of colonies in a seeding of a cultivation, from
which the seeding is made; V is the volume of suspension
taken for a seeding, ml; 107 is a coefficient of cultivation.

We determined urease (KF 3.5.1.5) by the methods
generally accepted in soil biochemistry to assess the bio-
logical activity of soils [34]. We determined total nitrogen,
ammonium nitrogen and nitrate nitrogen according to
DSTU ISO 14255:2005 [35].

4. 5. Methodology for determining the sanitary-hy-
gienic indicators and chemical composition of aquatic
environment

Chemical oxygen demand (COD) was determined by the
dichromate method according to the technique described
in paper [36]. We determined an indicator of a dissolved
oxygen concentration by the Winkler iodometric titration
method [37]. The indicator of biochemical oxygen demand
for 5 days (BODj5) was determined by the method described
in work [38].

5. Characteristics of the Pokutsko-Bukovynian
Carpathians in the area of “Vizhnitsky” NNP

We chose the Pokutsko-Bukovynian Carpathians for the
study. Namely, the region of Eastern Carpathians (Fig. 2)
due their specific conditions in terms of landscape, climate
and social-economic conditions, which are insufficiently
studied in the aspect of environmental safety. They are the
outer line of the Ukrainian (Eastern) Carpathians within
the Ivano-Frankivsk and Chernivtsi regions, extending from
the Northwest to the Southeast to the Romanian border for
nearly 75 km.

Despite the similarity of the Carpathian mountain coun-
try in the whole, the Pokutsko-Bukovynian Carpathians have
their specific features. They determine the level of environ-
mental safety of the region, namely, their features of the relief,
a significant percentage (15-18 %) of mountain meadows, lot



of grassland, hayfields, pastures, and farmlands. In addition,
there is a sufficiently large part of plowed land. The area
is densely populated. The climate is cool and humid (up to
1,000 mm of rainfall per year). We chose the protected zones
of the nature reserve object located in the Pokutsko-Bu-
kovynian Carpathians as a control sample for comparing the
impact of anthropogenic activity on the state of mountain
ecosystems. This is, in particular, “Vizhnytsky” National
Nature Park. There has been a developed specific ecosystem
related to environmental protection over the last two decades.
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A system of legal acts and organizational and manage-
ment decisions provides a number of components of envi-
ronmental safety of recreational territories of NPPs (1-6).
Issues of assessment of a sanitary-microbiological state of the
atmosphere, hydrosphere and soils are much less studied and
covered in the legal and scientific bases (component 7). We
proposed an algorithm of theoretical and experimental dis-
sertation studies for assessment of a sanitary-microbiological
state of the atmosphere, hydrosphere and soils and develop-
ment of proposals for minimization of environmental danger of
these environmental components (Fig. 4).

The algorithm consists of three
main blocks. The first block is the ac-
tual monitoring of the state of the main
components of the physical environment
(hydrosphere, soil and atmosphere) of
“Vizhnytsky” NPP stationary and regu-
lated recreation zone. The output data of
the first block (a monitoring block) pro-
vided the basis for identification of the
main sources of environmental threats
and challenges for the object (Unit 2).

The third block of the study algo-
rithm contains a system of engineering
and organizational-managerial measures

Fig. 2. Pokutsko-Bukovinsky Carpathians on the map of Ukraine

6. Results of studies on environmental safety aspects and
monitoring of environmental safety sources

6. 1. Conceptual scheme of environmental safety of
NNP recreational territories

We proposed the conceptual scheme (Fig. 3) of envi-
ronmental safety of recreation territories based on the in-
teraction between a number of components. They were the
preservation of landscape and biotic diversity, sanitary-en-
vironmental state of the hydrosphere, atmosphere, soils and
scientifically substantiated recreational load, etc. (Fig. 3).

Environmental
safety of

recreation
territories

Fig. 3. Conceptual scheme of environmental safety of
recreational territories: 1 — scientifically substantiated
recreational load; 2 — improvement of nature protection

legislation; 3 — preservation of landscapes; 4 — preservation
of biodiversity; 5 — greening of economic activity around

an object; 6 — an influence on environmental consciousness

through mass media and religious and public organizations;

7 — sanitary-microbiological state of the hydrosphere,

atmosphere and soil

designed to minimize the environmental
danger of the studied components of the
hydrosphere and soil.

MONITORING Block 1
of main shells of ecotope of
"Vizhnitsky" NNP
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Fig. 4. Algorithm of theoretical and experimental studies:
1 — microbiological organic, mineral pollution, etc.;

2 — wood waste, livestock waste, soil erosion, mudflows, etc.;
3 — transfer of air flows from the territory of traditional
economic landscapes, acid rain, etc.; 4 — creation of
purifying structures based on a fibrous carrier, formation
of NNP territory by the watershed principle, environmental
education, etc.; 5 — waste utilization, production of fuel
pellets, involvement of mass media, educational cult and
public organizations, etc.; 6 — legal regulation, creation of
acid-resistant, plantations, formation of indigenous forest
stands, holding of round tables, excursions, etc.




6. 2. Monitoring of sanitary-microbiological and sani-
tary-environmental indicators of the hydrosphere

A dense network of streams, which belong to the basins
of the Cheremosh and Siret rivers, covers the studied terri-
tory. Table 1 gives the main sanitary-hygienic indicators of
surface water in the territory of the objects of recreation of
“Vizhnitsky” NNP and in the adjacent territories of econom-
ic activity (TEA).

The decrease in the free oxygen content and the corre-
sponding increase in BOD5; and COD in the zone of tradi-
tional farming indicate that there is a general tendency of
pollution of hydro-ecosystem due to anthropogenic activity.

We performed the analysis of monitoring data of sani-
tary-hygienic indicators of hydro-ecosystems of recreational
areas and territories of traditional farming for the last 5 years.
The results show positive changes in surface water, as evi-
denced by an increase in soluble oxygen content, a decrease in
the content of suspended solids, and a corresponding decrease
in BODs.

We also studied microbiological indicators of the hydro-
sphere in the area of recreational territories, such as coli index
and total microbial number. Table 2 gives results of the studies.

The data in Table 2 prove that surface water of the recre-
ation zone has much smaller indicator of the total microbial
number, which does not exceed the SanPin norm, and there-
fore it is free of bacterial contamination.

Comparison of the indicators of the coli index in the
river water samples of the protected zone and the selected
water samples in the economic zone showed an increase in
the coli index by in 2 times on average. The total microbial
number (CFU/dm?) did not exceed the normative indicators
of SanPin. It was within 3000-3500 CFU/dm? for the zone
of stationary recreation.

It is advisable to plan measures for intensification of bio-
logical natural processes of surface water self-purification in
the area of recreation territories in order to stay within the
limits of sanitary-microbiological and sanitary-environmen-
tal indicators of the hydrosphere.

6. 3. Monitoring of sanitary-microbiological and sani-
tary-environmental indicators of the atmosphere

We assessed an air ionic composition of the atmo-
spheric air using MAC-01 air ions meter. The meter made
it possible to quantify the quality of the atmospheric air
in places of rest of NNP visitors despite the sufficiently
high relative error.

Given that air quality is an integral indicator, which
objectively reflects the environmental state of water, soil,
biota, we used indicators of quality of air basin as reliable in-
dicators of environmental safety. They describe the natural
ecosystem in general.

According to the monitoring data, the quality of atmo-
spheric air in the recreation zone over the last 5 years had an
increasing trend line of observations (Fig. 5). The number
of negative air ions and a value of the unipolarity indicator
reflect the trend.
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Fig. 5. Dynamics of the air ion content (ion/cm?)
in economic zones of different nature
protection status

As for the comparison of indicators of the quality of
atmospheric air in the NPP recreation zone and the ter-
ritories of traditional farming outside the protected area
(Table 3), there is a striking difference in favor of the
first zone.

Table 1
Comparative analysis of sanitary-hygienic indicators of surface waters
Indicator
Points of sample
collection S DO BOD:; COD T(¢C) H Chlorides (by CI7) | Nitrites (by NOy")
(mg/dm?) | (mg Os/dm?) | (mg O, /dm?) | (mg O, /dm?) P mg/dm? mg/ dm?
Averalg\fNV;me 1604006 | 5844025 | 523+022 | 1294053 | 19 | 67 36+1.2 0.30+0.02
Avera%eEV:l“e M 1664005 | 4304021 | 6244023 | 147+065 | 19 | 67 60+1.8 0.44+0.03
SanPiN 4630-88 0.75 >4.0 <6.0 <30.0 18-20 |6.5-8.5 <350 <3.3
Note: SS is the content of suspended solids; DO is the content of dissolved oxygen
Table 2

Comparative analysis of sanitary-microbiological indicators of surface waters

Points of sample collection

Coli index, dm?

Total microbial number, CFU/ml

Average value in NNP 90.9+4.0 3,019+128
Average value in TEA 112.5+6.5 6,500+310
SanPiN 4630-88 <100 <5,000




Table 3 Table 5
Comparative analysis of sanitary and environmental Comparative analysis of sanitary-environmental indicators of
indicators of air soils
No Indicators of the state of the Average | Average value Indicat  the stat "Vizhnitsky" NNP
. . . . ndaicators o e state
atmosphere air value in NNP in TEA of soils recreation | stationary rec- | economic
1 Con.centr:atl.on of negaglve 1,666.25 690 zone reation zone zone
light air ions, in cm Ammonium, mg/kg | 1.8£0.12 |  2.5%0.15 2.9+0.15
9 Concentration of positive 1.227.20 676 Nitrates, mg/kg 3.7+ 0.25 5.0+0.32 5.4+0.20
light air ions, in cm* - Urease activity, pg/h
3 | Coefficient of unipolarity (Y) 0.75 0.83 (NO3-NHy) per,g of soil 1:5+0.08 221010 2372014

We studied the microbiological state of the atmospher-
ic air by the generally accepted sedimentation method. A
number of demonstrative microorganisms were detected in
the air of the recreational zones. They were Sarcina lutea
and S. rosea, Bacillus mycoides and B/subtilis, Microbac-
terium candicans and M. flavus. One should note that the
listed species do not include representatives of pathogenic
microflora.

Most of the identified representatives of the air microflo-
ra belong to chemoorganoheterotrophs. Chemoorganogeter-
otrophy is a type of nutrition characteristic of microorgan-
isms, which receive required energy and carbon from organic
compounds. There are aerobic and anaerobic species among
these microorganisms, which live mainly in soil and other
substrates. Rains and melt water wash them away. They are
also evaporated into the air.

It was established (Table 4) that there was an increase
in the total microbial number and species diversity of the
microflora in the atmospheric air of the NNP economic zone
and the zones of traditional economic landscapes located
around the protected object territory. This is especially true
for the zone of traditional landscapes. However, one should
note that the detected strains of microflora in these areas are
harmless to the human body or belong to a group of condi-
tionally pathogenic.

Table 4

Comparative analysis of sanitary-microbiological indicators
of the atmospheric air

No Sanitary-microbiological indi- | Average value| Average value
cators of the atmospheric air in NNP in TEA
g | Total mlcr‘)li’;larln%‘““ber* Y | 4177454152 | 265.00£12.4
9 Number of c.letected species of 3.4 3.4
microflora

Thus, the results of the atmospheric air monitoring in
the zone of recreation territories indicate its high quality
indicators. They do not require any technical measures to
improve them.

6. 4. Monitoring of sanitary-hygienic indicators of
soils in the territory of recreational zones of “Vizh-
nitsky” NNP and identification of environmental threats

We studied the sanitary-hygienic state of soils based on
the analysis of indicators of interchanges in various forms
of nitrogen (in particular, ammonium and nitrate forms).
An active role in this process belongs to the enzyme urease,
which controls the process of restoration of ammonium in
soil (Table 5).

The results in Table 5 indicate the direct connection
between enzyme activity and stability of the soil ecosystem.
Thus, the transition to the recreational zone and economic
zone leads to changes in stability of natural ecosystems due
to more intensive livestock farming and development of ag-
ricultural land. Such changes lead in turn to a sharp increase
in urease activity in human-transformed ecosystems. Simi-
larly, an increase in recreational load affects the soil ecosys-
tem. As it is known, the urease enzyme belongs to the class
of hydrolases, which play a significant role in the hydrolytic
splitting of organic substances and their transformation into
plant-accessible nutrients. Consequently, the nitrate content
increases and soil fertility progressively decreases in soils
under excess anthropogenic loading.

Thus, the sanitary and hygienic indicators of soils in the
zone of the recreation territory and in the economic zone do
not create significant environmental danger. However, the
problem of soil pollution with solid wood waste in the zone of
economic activity remains urgent. The problem of collection
and disposal of the waste is expedient for ensuring of the
environmental safety of soils in the zone of the recreation
territories.

7. A system of engineering solutions to reduce the level
of environmental danger in the recreational territories of
“Vizhnitsky” NNP

We identified threats and challenges for environmental
safety of the zone of stationary and regulated recreation
due to the monitoring of sanitary-microbiological and san-
itary-environmental indicators of hydrosphere, atmosphere
and soils in the territory of recreational zones of “Vizh-
nitsky” NNP. It was established that quality characteristics
of the atmosphere of recreation territories are at the highest
level and do not require improvement. Quality indicators
of the hydrosphere meet current requirements but require
stabilization guarantees. Therefore, it is advisable to improve
the environmental state by intensification of biological nat-
ural processes of self-purification. It is advisable to develop
measures for the disposal of wood waste, which is a source of
microbiological pollution, for soils in the zone of the recre-
ation territory and in the economic zone.

7. 1. Studying ways to intensify biological natural
processes of self-purification

It is not expedient and even harmful to use reagent or
other physical-and-chemical methods to purify surface wa-
ter in the recreation zone. Only intensification of natural
biological processes of purification is possible. The rational
way to achieve intensification is to apply methods that would



increase a mass transfer surface for biological environments,
create conditions for their development and ensure function-
ing of a “biological conveyor”, which provides high-quality
biological natural purification from chemical and biological
pollution. The use of special “Viya” fibrous carriers attached
to the wooden structures of “pulp” creates such conditions.
We studied them in detail earlier in study [40].

We considered the results obtained in the study [40] in
terms of application of the “biological conveyor” method to
ensure the environmental safety of surface waters of recre-
ational territories. Additional studies were carried out on
the composition of microperiphyton, which are inactivated
on VYI carriers. The studies have found that two types of
infusions (up to 500 individuals per 100 cm?) occupy the
dominant position among representatives of microperiphy-
ton (organisms the size of 80-235 microns). 33 % of the total
number of fouling biocenosis falls on rotifers (two species)
and one species represent nematodes.

The following organisms were revealed in “VIYA” mac-
roperiphyton (organisms the size of 2.5-100): 3 species of
ephemeral larvae, stoneflies larvae, caddis flies larvae, chi-
ronomids and turbellaria larvae represented by one taxon
respectively. Larvae of amphibiotic insects prevailed in the
studied biocenosis of periphyton, mainly due to Leuctra dig-
itata larvae of stoneflies (24 individuals per 100 cm?).

The analysis shows that the method of the use of artificial
media in surface waters of recreational areas proposed in the
study [40] provides creation of a “biological conveyor”. It inten-
sifies natural biological processes of surface water purification.

7. 2. Determining optimal conditions for the disposal
of wood waste by using it for production of biofuel

According to Fig. 4, the use of wood waste accumulated
in the economic zone of a NNP for production of biofuels
should ensure environmental safety in terms of soil pollution
(and biological decomposition products — in terms of the at-
mosphere and hydrosphere). A prerequisite for using of wood
wastes as biofuels is its preliminary pelleting or briquetting.
Studies [28] established prospect of using sulfate soap for
briquetting of wood waste as a binding agent. Sulfate soap is
a waste of large-tonnage waste of the pulp-and-paper indus-
try. Authors of paper [28] defined the basic stages of produc-
tion of biofuels of wood waste: grinding, drying, mixing with
a binding agent and briquette formation.

They also carried out additional studies to determine
the critical humidity of wood waste in the process of their
pre-drying before briquetting. One can represent the exper-
imental results [28] by formula

Ig(w-w,)=f(x), ()

where Wis the current value of humidity, %; W, is the equi-
librium value of humidity, %; T is the duration of drying, s.
As one can see in Fig. 6, it is possible to generalize the ex-
perimental points straight lines, and their intersection point
will correspond to the critical humidity. Therefore, one can
calculate the critical humidity of a material from equation:

‘/V(;,-=10x+Wp, (4)

where “x” is the ordinate of the intersection point of two
straight lines, it corresponds to the critical humidity.

The equilibrium humidity was W,=3 % for the experi-
mental conditions.
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Fig. 6. Graphical method for determining critical humidity and
time for its reaching the layers of different height 7=100 °C,
v=4.2m/s:1—10-103m, 2 —20-103m, 3 —30-10 3 m,
4—40-103m

8. Discussion of results of the effectiveness of
engineering solutions for reduction of the level of
environmental danger in the recreational territories of
the NNP

We studied the intensification of biological natural
processes of self-purification of surface waters with the use
of VIYA artificial fibrous carriers for inactivation of mi-
croperiphyton and macroperiphyton. The obtained results
indicated the positive dynamics of the growth of a number
of microorganisms on the carriers. The advantage of the ap-
proach in minimization of hydrosphere pollution comparing
to reagent or known biological methods is the absence of
substances of uncharacteristic to ecosystems and organisms
introduced into it. Purification occurs due to the intensi-
fication of biological processes of the ecosystem itself. One
can apply the proposed approach successfully to ecosystems
where exceeding of pollution levels did not reach the limit of
loss of self-recovering capacity. The development of the study
may be a search for alternatives of application of other types
of media for inactivation of micro-ecosystems. One can de-
termine the best option for specific cases in practice based on
the analysis and comparison of the results. Thus, the analysis
shows that the method proposed in study [40] for the use of
artificial media in surface waters of recreational territories
provides creation of a “biological conveyor”. It intensifies
natural biological processes of surface water purification.

It is proposed to use wood waste for creation of biofuels
to utilize it. The first necessary operation is drying of wood
waste to critical humidity levels. Using the experimental
data (Fig. 6) and equation (4), we determined the critical
humidity values of the investigated wood wastes, which
were: for height 10-103 m —-W,,=0.34 %; for
kg dry substance
height 201073 m — W,,=0.36; for height 30103 m — W=
=0.38; for height 40103 m — W,,=0.4 The obtained results
make it possible to determine the optimal drying time of
wood waste for obtaining of the necessary results. The sec-
ond necessary operation is briquetting, previously explored



in detail. Studies [28] established the optimal binder agent
concentrations fed to the briquette mass — (4—6) %, the op-
timal way of introduction of the binding agent into the press
mass (homogenization of mixing), the optimum pressure of
briquetting (500—990) MPa. Additional studies established
the heat capacity value of the obtained biomass briquettes,
which amounted to (25-29) MJ/kg. This makes it possible
to state that one can obtain conventional biofuels as a result
of the disposal of wood waste. There are no alternative solu-
tions for the disposal of wood wastes found in the practice of
known environmental measures. Thus, the implementation
of the method proposed in study [28] for the utilization of
wood waste from the economic zone of the NNP will make it
possible to utilize it successfully and to ensure the environ-
mental safety of recreation territories.

9. Conclusions

1. We have monitored the sanitary-microbiological and
sanitary-environmental indicators of the hydrosphere, at-
mosphere and soils at the territory of recreational zones
using an example of “Vizhnytsky” National Nature Park
in the Pokut-Bukovynian Carpathians. Comparison of the
results of water monitoring of economic and protected zones
showed an increase in pollution by 2 times on average, which
necessitates intensification of biological natural processes of

surface water self-purification in the zone of recreation terri-
tories. The results of atmospheric air monitoring in the zone
of the territories indicate its high quality indicators, which
do not require any technical measures to improve it. It was
established that sanitary-hygienic indicators of soils do not
create significant environmental danger in the zone of the
recreation territory and in the economic zone. However, the
problem of soil pollution by solid wood waste in the zone of
economic activity remains urgent. The problem of collection
and disposal of the waste is urgent to ensure the environ-
mental safety of soils in the zone of recreation territories.

2. We developed a system of engineering solutions for re-
duction of the level of environmental danger in recreational
territories on the example of “Vizhnytsky” National Nature
Park of the Pokut-Bukovynian Carpathians. It is proposed
to use the previously studied fibrous carriers to intensify bi-
ological natural processes of self-purification. The additional
studies confirmed inactivation of microperiphyton and mac-
roperiphyton “biological conveyor” carriers. It is proposed
to use wood waste for production of biofuels to ensure envi-
ronmental safety in terms of pollution of soils of NNPs with
wood waste. We proposed sulfate soap, which was studied
previously as lignin containing waste, as a binder agent.
Additional studies found that the heat capacity value of the
obtained biomass briquettes was (25-29) MJ/kg. Therefore,
it is possible to argue about obtaining conventional biofuel as
a result of the disposal of wood waste.
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