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ASSESSMENT OF THE URBAN ENVIRONMENT QUALITY IN KYIV

Abstract. Green plantings, which are a part of the modern city, are an important element
creating an environment providing favorable microclimatic and sanitary conditions for human living.
Plants of the city streets, which tend to grow near the roadway, play an important role. Stability of
development as the ability of an organism to pass all stages of ontogenesis is a sensitive indicator of
the natural population’s state and allows estimating the total amount of anthropogenic load. The
easiest and most widely used method for assessing the stability of development is the determination
of the fluctuation asymmetry magnitude of the biliary morphological features. It represents a
deviation from bilateral symmetry due to imperfection of ontogenetic processes and manifests itself
in insignificant differences between the parts (within the norm of the organism’s reaction). The
resulting integrated assessment of the environmental quality is the answer to the reaction of a living
organism to adverse effects within the period of individual development.

Keywords: silver birch (Betula pendula Roth.), development stability parameter,
fluctuating asymmetry, environmental monitoring, bioindication

INTRODUCTION

Due to the increase of anthropogenic impact on the environment, environmental
monitoring, which includes the sites optimal by their number and location, parameters and
frequency of environmental observations enabling public authorities to make appropriate
decisions at all levels of departmental and national environmental protection activities, becomes
especially relevant [5].

The main sources of pollution in the city are industrial enterprises and road transport,
resulting in the significant reduction of tree plants resistance to abiogenic stressors, which leads
to anatomical and morphological fluctuations in their vegetative and generative organs. To
assess the stability of the living organisms development, the criteria for fluctuation asymmetry
(FA) are used, which show slight non-directional differences between the right and left sides of
the body, which are laid down during ontogenesis. In a satisfactory state of the environment,
their level is minimal, but when the negative effect increases, an asymmetry is manifested [15].
The FA parameter allows to record even minor deviations of the parameters in the environment,
but the main condition for the use of the object is the bilateral symmetry of his body, which
parameters will be applied to the study [1].

Thus, the level of fluctuation asymmetry for the morphological structures can be used as
a non-specific stress indicator reflecting the deformation of interactions between the organism
and the environment [20]. In FA, the differences between the parts are not strictly genetically
determined. This asymmetry (as opposed to directed asymmetry and antisymmetry) does not
have an independent adaptive value. It is an indicator for the minor symmetry violations that is
allowed by natural selection, and reflects the development stability. Estimation of the FA value
is a valid way for formalizing the degree of deviation of the of individuals and even populations
from the norm. Monitoring such manifestations of destabilization can provide information not
only about negative biotic or abiotic factors, but also about the presence of anthropogenic
pressure [17].

The purpose of the study is the quality assessment of the urban environment of Kyiv
using the bioindication method. To achieve the goal, the following tasks were set: 1) to identify
the morphological features of woody plants in the urban environment and to study the influence
of anthropogenic factors on the formation of morphological structures of tree plants by



determining the FA indexes lamina in different parts of the city; 2) assess the state of plants by
the magnitude of the integral of the development stability indicator; 3) determine the
dependence of the FA level of a plant in relation to the source of pollution.

Analysis of recent research and publications. There are many works in the field of
environmental monitoring in the scientific literature. The Regulation "On State Monitoring of the
Environment" states that state monitoring of the environment is a system for monitoring, collecting,
processing, transmitting, storing and analyzing information on the environment situation, forecasting
its changes and developing scientifically substantiated recommendations for the development of
management decisions [3, 7]. Sufficient work of foreign scientists is aimed at solving issues
regarding the definition of areas and fields of monitoring, evaluation indicators, methods and means
of conducting it [4, 8, 9, 12, 13]. Some authors suggest the use of grassy annuals [3, 16] and
perennial [6, 18] plants as bioindication objects, but most of them believe that use of woody plants to
characterize sufficiently large areas is the most effective [17, 10, 14, 19, 21].

MATERIALS AND METHODS

The silver birch (Betula pendula Roth.), which is often used for greening the cities, was
selected as an object of the study to determine the degree of the development stability [11]. This
is one of the fastest growing tree species. Under favorable conditions, this species reaches 25-30
m in height and up to 80 cm in diameter. Very light-loving, its crown is open, transmits a lot of
light. The root system is highly developed, but penetrates deeply into the soil. It is elatively
short-lived, lives up to 120 years, rarely to more adulthood.

The collection of material was carried out in accordance with the methodology for
assessing the status of organisms in terms of disruption of the development stability [2]. The
material of the studies was laminas B. pendula, collected after the growth of leaves (at the end
of August 2017). Each sample consisted of 100 laminas (10 leaves of one tree), taken from the
bottom of the tree crown, at the level of the raised arm, with the maximum number of available
branches, evenly around the tree. When collecting leaves, its size and functional state (collected
leaflets of medium size) was taken into account.

The collection of material on the Kyiv territory was held in 4 districts with different
anthropogenic load: the zone of intensive traffic flow (Prospekt Peremohy) near the PJSC
"Borschagivsky Chemical and Pharmaceutical Plant", near the Kyiv TV Tower and within the
territory of the "Nyvky" park. The leaves were collected from trees located 10-20 m from the
objects of influence. The location of test sites (TS) is presented in Fig. 1.
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Figure 1 — Test sites location:
TS1 - road (Prospekt Peremohy); TS2 - PJSC "Borshchagivsky Chemical and Pharmaceutical
Plant"; TS3 - Park "Nyvky"; TS4 - Kyiv TV Tower.



In order to estimate the FA values according to existing methods [2], 5 bilateral signs were
investigated: 1 - the width of the left and right halves of the leaf; 2 - distance from the base to
the end of the vein of the second order, the second from the basis of the leaf; 3 - the distance
between the bases of the first and second veins of the second order; 4 - the distance between the
ends of the first and second veins of the second order; 5 - the angle between the main vein and
the second one from the base of the leaf with the second-order vein.

For measurements of the left and right halves of the lamina, a meter compass, a ruler and a
protractor were used. The calculation of the integral index was carried out according to the
methodology of V.M. Zakharova [2]: 1) for each lamina, the relative values of the asymmetry
for each sign were calculated (the difference between the measurements on the left (L) and the
right (R) was divided by the sum of these measurements: (L-R) / (L + R); 2 ) the asymmetry
index for each leaf was calculated (the relative values of asymmetry was added for each sign
and divided by the number of features); 3) the integral index of development stability was
calculate - the value of the average relative difference between the parts on the sign (the
arithmetic mean of all values of the asymmetry (for each of ten trees)was calculated).

To assess the degree of detected deviations from the norm, a class scale was used to
characterize the level of pollution for the territory based on the FA index [2] (Table 1).

Table 1. Estimation scale for the body deviations from the conditional norm by the value
of the integral stability index [2]

Value of the FA Characteristic
Class indicator
<0.040 Conditional norm

I

I 0.040 — 0.044 Plants are weakly influenced by adverse factors

I 0.045 - 0.049 Contaminated areas

1V 0.050 — 0.054 Very polluted areas

A\ >(0.054 Extremely unfavorable conditions, plants are in a very

depressed state

The values of the integral index of asymmetry corresponding to the first gade are usually
observed in plant samples for favorable growth conditions, for example, in natural reserves. The
fifth class is critical (such asymmetric data are observed in extremely unfavorable conditions
when the plant is in a very depressed state).

The statistical processing of the material was carried out using the standard MS Excel
program package.

RESULTS AND DISCUSSION

One of the requirements for the features that were defined by the FA is the low level of
variability for the indicators. It was found during the studying the variability for the signs of the
B. pendula lamina that all the features are characterized by low values of the coefficient of
variation (Tables 2-5).

Despite the fact that there are metro stations "Beresteyskaya" (in the eastern part of the
park) and "Nyvky" (in the western part) near the "Nyvky" park, and the railroad passes, the
magnitude of the fluctuation asymmetry in this area was 0.036 in 2017, which is conditional
norm of the the environmental state (atmospheric air). The resulting indicators are most likely
due to the fact that the "Nyvky" park is one of those few parks in Kiev, which still preserves
centuries-old trees in its territory, and its area is 60 hectares (the western part is 15 hectares, and
the eastern part is 45 ha).



Table 2. Integral index of fluctuation asymmetry in the sample (“Nyvky” park)

Indicator No. Value of
asymmetry

No. | 1 2 3 4 5

1 0.050 0.047 0.043 0.111 0.008 0.052

2 0.054 0.10 0.037 0.043 0.009 0.045

3 0.05 0.022 0.13 0.024 0.012 0.048

4 0.022 0.011 0.071 0.043 0.011 0.032

5 0.04 0.026 0.025 0.090 0.019 0.04

6 0.027 0.024 0.071 0.047 0.028 0.04

7 0 0.012 0.025 0.037 0.034 0.022

8 0.013 0.012 0.023 0.090 0.016 0.031

9 0.013 0.024 0 0.034 0.018 0.018

1 0.027 0.051 0.076 0 0.016 0.027

Value of asymmetry in the sample | X=0.036

Table 3. Integral index of fluctuation asymmetry in the sample (Kyiv TV Tower)

Indicator No. Value of
asymmetry
No. 1 2 3 4 5
1 0.024 0.020 0.026 0.062 0.009 0.028
2 0.023 0.011 0.05 0.083 0.037 0.041
3 0 0.012 0.027 0 0.018 0.011
4 0.058 0.013 0 0.125 0.045 0.048
5 0.014 0 0 0.071 0.048 0.027
6 0.012 0.022 0.111 0.1 0.042 0.057
7 0.023 0.020 0.068 0.083 0.018 0.042
8 0.014 0.011 0.029 0.083 0.008 0.029
9 0.076 0.020 0.096 0.037 0.018 0.05
10 0 0.027 0.062 0.096 0.024 0.042

Value of asymmetry in the sample X=0.038

Table 4. Integral index of fluctuation asymmetry in the sample
(PJSC Borshchagivsky Chemical and Pharmaceutical Plant)

Indicator No. Value of
asymmetry
No. 1 2 3 4 5

1 0.013 0.010 0.027 0.083 0.030 0.033
2 0.031 0.038 0.028 0.047 0.009 0.031
3 0.043 0.030 0.037 0.043 0.009 0.032
4 0.014 0.04 0.071 0.066 0.015 0.041
5 0.016 0.029 0 0.090 0.057 0.038
6 0.030 0.033 0.034 0.043 0.016 0.031
7 0.013 0.012 0 0.047 0.027 0.02
8 0.071 0.012 0.090 0.052 0.019 0.049
9 0 0.054 0.14 0.043 0.008 0.049
10 0 0.048 0.032 0.047 0.015 0.028

Value of asymmetry in the sample X=0.035




The value of the fluctuation asymmetry on the territory of the Kyiv television tower is
0.038. This indicator characterizes the conditional norm of the environmental state (atmospheric
air). Probably, the the location of the Kyiv TV tower far from motorways and other objects of
the industrial complex can reduce the negative impact on plant organisms in the process of
ontogenesis.

According to the results of calculating the asymmetry value in the sample at the PSC
"Borshchagivsky Chemical and Pharmaceutical Plant”, which occupies one of the leading
places in terms of production and sales of finished pharmaceuticals among Ukrainian
pharmaceutical companies, it is determined that the territory is characterized by favorable
conditions for the development of plants. This is due to the fact that the company began a new
stage in development with a change in leadership. The plant management made a decision
regarding the technical re-equipment and the establishment of a quality system meeting the
world's standards for the production of medicines — GMP (Good Manufacturing Practice)
requirements. At the enterprise, a certification audit was conducted to meet the GMP rules for
the production, control, storage and transportation of sterile antibiotics injections and antibiotics
in capsules, the quality control laboratory (Audit — Certipharm, France). In 2003, the
certification inspections were carried out on the production of sterile antibiotic powders in vials
and capsules of antibiotics for compliance with GMP requirements of the EU, PIC / S
recommendations, taking into account GMP VISA. In 2004, the company introduced one of the
most advanced automated production and resource management systems MFG / PRO. The
integrated pharmaceutical quality system (IPQS), which combines the requirements of GMP,
GDP, GSP, G (Q) CPL, ISO 9001, ISO 14001, ISO 17025, ISO 50001, OHSAS 18001, SA
8000, was introduced at the enterprise. Such cardinal changes at PJSC "Borshchagivsky
Chemical and Pharmaceutical Plant" were marked and in 2006 by the Diploma from the
Ministry of Environmental Protection of Ukraine and the medal "People's Choice" for
environmentally friendly production.

Table 5. Integral index of fluctuation asymmetry in the sample
(motorway, Prospekt Peremohy)

Indicator No. Value of
asymmetry
No. 1 2 3 4 5

1 0.036 0.019 0.024 0.083 0.019 0.036
2 0.098 0.073 0.037 0.176 0.023 0.081
3 0.085 0.020 0.04 0.071 0.015 0.046
4 0.083 0.032 0.069 0.2 0.034 0.084
5 0 0.011 0.024 0.090 0.008 0.027
6 0.012 0.011 0 0.111 0.021 0.031
7 0.098 0.021 0.030 0.043 0 0.038
8 0.060 0.022 0.076 0.1 0.017 0.055
9 0.118 0.031 0.071 0.04 0.046 0.061
10 0.093 0.027 0.047 0.037 0.042 0.049

Value of asymmetry in the sample X=0.051

One of the highest indicators of asymmetry is observed at a research area near the
motorway on Prospekt Peremohy. A large number of motor transport of various categories,
constant traffic jams, and lack of automotive bypassings led to the assignment the highest IV
point for this site, according to our research, with an index of 0.051. The emissions of road
transport contain more than 200 chemical compounds, including dangerous to human health,
such as carbon monoxide and nitrogen oxides, various hydrocarbons. Gasoline engines, in
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addition, produce products that include metals, chlorine, bromine, and diesel egines produce a
significant amount of soot and other particles of ultra microscopic size. All these components
are released into the environment and negatively affect both plant organisms and human health.

CONCLUSIONS

The article provides a background monitoring for the city of Kyiv. For this purpose, four
model platforms were selected in different parts of the city. In order to assess the quality of the
urban environment, the silver birch was used. During the formation of the lamina at these trees,
the inhibition of growth processes and deformation of the leaf occurs due to the accumulation of
toxic substances. Therefore, the signs of lamina of B. pendula are the main object for the
characterization of the development stability and the environmental quality.

According to the results of the work, the state of the environmental quality (atmospheric
air) was evaluated using the fluctuation asymmetry index for the lamina of B. pendula. The
calculation of the class for the quality of the urban environment based on the FA showed that
trees in park zones and territories with the location of enterprises, concerned about their image
in the field of environmental protection, were formed in conditions with minimal impact on
individual development, in contrast to the trees in Kyiv, which area of growth are motorways
significantly violating the state of atmospheric air, thus forming a critical IV class of
environmental situation.
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AHOTAIIS

OIIHKA SAKOCTI YPBOCEPEJOBHUIIIA m. KHEBA

Y crarri npoBeneHo QoHOBUHM MoHiTOpuHr M. KwueBa. J[lng ouiHkm  sKOCTi
ypOocepenoBHIa BUKOPHCTOBYBAJIACh IepeBHa pociiHa O6epesa nosucia (Betula pendula). [Tin
gac ()OpMyBaHHs JINCTOBOI INIACTUHKH LUX AEPEB, O Mipi HAKOMMYECHHS TOKCHYHHUX PEUOBHH,
BiIOyBa€ThCS TaIbMYyBaHHS POCTOBHUX TpoIieciB i aedopmarist guctka. ToMmy, 03HAKA JINCTOBOL
wiacTHHKH  B. pendula SBISIOTBCS OCHOBHUM 00’ €KTOM IUIS XapaKTEPUCTUKH CTabiTbHOCTI
PO3BHTKY 1 SIKICHOTO CTaHy HaBKOJHUIIHBOTO cepenoBumma. JIncTosi mactuaku B. pendula Oymm
BiiOpaHi miciis 3yMUHKH pocTy TUCTs (B KiHii ceprHsa 2017 p.). Koxxna BuGipka ckiamanacs 3i
100 nucroBux muacTHHOK (1Mo 10 JIMCTKIB 3 OAHOTO JepeBa), sKi OyJIK B3ATI 3 HUKHBOI YACTHHHU
KPOHHM JiepeBa, Ha piBHI MiAHATOI PYKH, 3 MAaKCUMAaJbHOI KUIBKOCTI JOCTYIHHX TLJIOK,
piBHOMIpHO HaBKOJIO AepeBa. [Ipu 300pi JMCTS BpaxoByBaiIu HOro po3Mmip i (yHKIIOHAJIBHUH
cTaH (30Mpayi PO3BUHEH] JIMCTOBI INIACTUHKU CEPEHIX PO3MIpIB).

Jlist nociipkeHb BUKOPUCTAHO METOJHMKY OLIIHKH SIKOCTI cepeloBuINa 3a (IyKTyauiitHO
acumerpietro B. pendula. IIpoBeneHo BuBYeHHS MOpP(QOJIOTIYHMX IOKA3HUKIB 00 €KTa
JNOCHIDKeHHS Ha TpoOHMX wMaimanunkax (IIM) pisaux paitfoniB M. Kwuepa: TIM1 -
aBTomMoOinpHa gopora (mpocnekt Ilepemorm); IIM2 — TIAT HBI] «bopmiariBchbkuii ximiko-
(bapmaneBTHIHMM 3aB01»; [IM3 — ITapk «HuBku»; [IM4 — KuiBchka TeneBexa.

3a pe3ynabTaTaMH JOCHTIKEHHS] BU3HAUCHO, IO HE3BAKAIOYM HA T, IO TNOPSAA 3 MapKOM
«HuBKH» pO3TaIIOBYIOTECS CTaHIi MeTpo: «bepectelicbka» (y cXimHii yacTuHi mapky) i «HuBkm»
(y 3aximHiii 4acTHHI) Ta TPOXOAWUTH IMOJOTHO 3aiizHmii, y 2017 p. BenmumHa (GIyKTyariiiHoi
acuMmetpii B 1boMy paiioni ckiana 0,036 — yMOBHa HOpMa CTaHy cepeloBHIa (aTMOchepHOro
noBiTps1). OTprMaHi MOKAa3HUKH, CKOPILI 32 BCE IOB’s13aH1 3 TUM, 110 NapK «HUBKM» — 11e 0ZIMH 3 THX
HebaraTbox napkiB Kuesa, sikuii 1me 30epir Ha cBOIi TepuTOpii OaraTtoBiKOBi AepeBa, a IUIoIIA HOro
ctaHoBHTH 60 ra (3aximHa yactuHa — 15 ra, a cxigHa — 45 ra).
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Bcranosneno, mo BenumanHa acumeTpii y BuOipti 6ins [TAT HBII «bopmarisckuiit XD3»,
SIKAA 3afiMae OJIHe 3 TPOBIMHUX MICIb 3a oOcsAramMu BHPOOHHWIITBA 1 peamizalii roTOBHX
JiKapchKUX 3aco0iB cepell YKpaiHCBKUX (apMaIleBTUIHUX MiATPHEMCTB XapaKTEPU3YETHCS
JIOCTATHBO CHPUATIMBUMH YMOBaMH JUIsi PO3BUTKY pociuH. lle mom’s3aHO 3 TuM, IO Yy
MiAPUEMCTBA 31 3MIHOIO KEPIBHUITBA PO3MOYABCS HOBUH €Tal y PO3BUTKY — TEXHIUHE
MEPEOCHAIICHHS MMiIPUEMCTBA i CTBOPCHHI CHCTEMH SKOCTi, SKa BIAMOBIA€ CBITOBUM
CTaHjapTaM BUpPOOHMIITBA JIIKAPCHKUX 3aCO0IB.

3a maHMMHU JOCHipKeHb, Ha Tepuropii KuiBchkoi TeneBexi BesmumHa (UIyKTyanidHOT
acumerpii ckiagae 0,038. IlokasHMK XapakTepu3ye yMOBHY HOPMY CTaHy Cepe/IOBHILIA
(atMocdepHoro nositps). MMoBipHo, Binnanenicts paiiony posramysanns Kuichkoi TeaeBesxi
BiJl aBTOTPAHCTIOPTHUX MAriCTpajieil Ta iHIMHUX 00’ €KTiB MPOMHCIOBOTO KOMIUIEKCY 3MEHIIYE
BILTUB Ha POCIMHHI OPTaHi3MH B MMPOIIECi OHTOTCHE3Y.

OHUM 3HAHOUTBI BHCOKHX TOKAa3HUKIB BETUYMHU acUMETPii XapaKTepU3yeEThCs PaoH
JIOCHIXKeHb Oinst aBTOMOOUIBHOT MaricTpalli Ha mpocrekTi I[lepemorn. Bemmka KiTbKiCTh
aBTOMOOITHFHOTO TPAHCHOPTY PI3HUX KaTEropii, MOCTiHI 3aTOPH, BiICYTHICTH aBTOMOOUTBHUX
PO3B’S30K MPHU3BEIIO IO MPHUCBOEHHS [IbOMY PaiiOHy 3a JaHUMH HAIIUX TOCITIKCHb HAHBUILOTO
IV 6any 3 moxazuukom 0,051.

TakuMm YUHOM, TIPOBEJCHO OLIIHKY CTaHY SKOCTi CepeloBHUINa (aTMOC(PEPHOrO MOBITPS) 3
BUKOPHCTAHHSAM TOKa3HHWKAa (IyKTyamidHOi acumerpii JTUCTOBOi IutacTHHKH B. pendula.
Po3paxyHok OanbHHX OIIIHOK SKOCTI ypOocepemoBuia 3a mokasHukamMu DA mokaszas, 1o
IepeBa B paifoHaxX MApKOBHX 30H Ta TEPUTOPil 3 pO3TalIyBaHHSIM IIiIIPUEMCTB, SAKi
TypOYIOTBCS TIPO CBiif iMi/K B chepi OXOPOHM HABKOJIUIIHBOTO CEPeOBUINA CPOPMYBAIUCH B
yMOBax, SKi MiHIMaJbHO BIUTMBAIOTh HA IHAWBIMyaTbHWHA PO3BHUTOK, HAa BiIMIHY BiI JAepeB
M. KueBa, paifoHOM 3poCTaHHS SKHX € aBTOTPAHCHOPTHI MaricTpaii, o iCTOTHO IMOPYIIYIOTh
CTaH aTMOC(EPHOTO MOBITPSI, TUM caMUM (HOPMYIOTh KpUTHIHAHN [V KiIac cTaHy cepeIoBHIIIA.
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FORMATION OF SOIL PROPERTIES ON THE SLOPE DEPENDING
ON THE LOCATION IN THE RELIEF ON THE EXAMPLE OF
CERGOWA IN THE BESKID NISKI

Abstract. In low mountains with a small vertical diversity of climatic conditions, the
lithological properties of the substrate rocks and the characteristics of the rock decay (parent rock)
take on a relatively greater significance in shaping the soil process. The mountain climate in the Low
Beskids region is diversified. Above 600 m above sea level, there is a moderately cold floor with an
average annual air temperature below 6.0 °C with an annual rainfall of more than 1150 mm and a
vegetation period of 195-200 days. At lower altitudes, it is warmer and there is less rainfall.

Within the geomorphological cross-section of the examined slope, 4 soil profiles were
unveiled. Among the humus substances of the upper part of the slope, humins and humic acids
dominate, while in the lower part, fulvic acids. The pH of soil in the upper part of the slope is
slightly acidic (pH>6.5), while in the lower part — intensively used for agriculture, there is a
strong top acidity (pH<4.5). Degree of saturation of the soil sorption complex on the slope with
alkaline cations usually exceeds 70%, and only in soils intensively used for agriculture in the
lower part of the slope, it is about 60%.

Key words: humus substances, KSG cation structure, agricultural usefulness of soils

INTRODUCTION

The Low Beskids, within which Cergowa lies, belongs to the medium-high mountains in terms
of altitude, the long and relatively mild slopes of which are usually used for agricultural purposes.
Only in some top parts of the slopes, there are small patches of initial rocky soils and small soilless
surfaces. The soil cover on the slopes shows little typological diversity and a clear link to the
lithology of the ground rocks and the orography of the terrain (13,16). The lithology and tectonics of
rocks in connection with the relief modify the condition of soil material and hydrological conditions
consisting in the lateral movement of water (horizontal transport of soluble components and
suspensions) as well as spatial differentiation of the moisture in the profile. Local diversity of these
factors in different parts of the slope determines the quality of habitat and the way it is used (6). Also,
intensive human economic activity exerted an influence on the soil cover by means of cleaning the
slopes and creating a plough-humic level (12). The agricultural usefulness of modern soils in this
region is diverse and refers to habitat factors, quality of soil material, terrain sculpture and exposition
that shape the local microclimate (3,12).

The aim of the research was to determine the relationship between soil properties and their
location in terrain, as well as their agricultural suitability within the transect on the northern
slope of Cergowa.

METHODS

Characterization of soils within the northern transect of concave Cergowa slope was
carried out on the basis of the field work and laboratory tests carried out at the Department of
Soil Science, Environmental Chemistry and Hydrology, Faculty of Biology and Agriculture at
the University of Rzeszéw. Their physical properties, location in relief and morphological
structure are presented in paper (5). The article mainly focuses on the presentation of sorption
properties of soils and their abundance in nutrients. In soil samples, active acidity (according to
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the method used in the Department of Soil Science, Environmental Chemistry and Hydrology,
UR), exchange acidity applying Dajkuhara method and hydrolytic acidity according to
Kappen (4) as well as pH in water and 1mol(+)KCl-dcm-1 using the potentiometric method,
were determined. Contents of exchangeable forms of calcium, magnesium, potassium and
sodium extracted with ammonium acetate were determined and the sum of exchange bases was
calculated. The content of total nitrogen was determined by the Kjeldahl method, whereas the
level of available phosphorus and potassium forms was determined by the Egner-Riehm method
and magnesium by the Schachtschabel method

RESULTS AND DISCUSSION

Soil processes are inseparably connected with the occurrence of water, that is the
environment of chemical reactions and essential for biological life. Renewing its resources in
the soil (as the difference of precipitation and the surface runoff) also allows the transport of
components in accordance with the flow of ground waters. On the slopes, the flow of the
ground waters is conditioned by the tectonics and lithology of the ground rocks, which
complicates the distribution of humidity in the profiles referring to the position in different parts
of the slope. According to studies by Nana et al. (10), the highest water flow velocity occurs at
about 15% of the skeletal fractions content. In addition, the intensity of subsurface water flow
depends on the slope inclination, and above all, on the soil moisture before rainfall (1).

The Cergowa peak range is overgrown with a complex of fertile humid habitats of
Carpathian beech forest and mountain pine (Dentario glandulosae-Fagetum) with fir elm and
sycamore, and a small undergrowth. This ecosystem is under the clear influence of locally
emerging surface water abundant in nutrients. Soils in the upper part of the slope (profiles 1
and 2) are fed with water from direct rainfall and water flowing down from the rocky ridge part
of the slope. These waters usually have pH above 5.6, which is considered as the natural degree
of acidification of rainwater (17), and the results of performed analyzes show a low active and
exchangeable acidity in the whole profile of these soils (Table 1), which allows to classify them
in terms of pH to slightly acidic.

Table 1. Acidity and soil reaction in the northern slope of Cergowa

Profile No.. Ger.letic Depth ﬁzlzilt}ll Hw | T pH 020
and elevation horizon [cm] - 1IMKCI
cmol(+)-kg-1 soil
A 0-24 0,05 0,01 4.4 5,63 5,97
1 ABbr 24-30 10,07 0,01 3,6 5,53 6,17
Bbr/C 30-57 10,09 0,01 3.4 5,69 6,34
551 m.as.l. Cl(g) 57-79 10,13 0,01 3,2 5,57 6,56
C2g 79-100 10,17 0,01 2,8 5,45 6,74
A 0-13 0,05 10,01 4,0 5,76 6,08
ABbr 13-33  |0,06 |0,01 3,2 5,68 6,43
2 Bbr/C 33-49 10,10 |0,01 2,8 5,69 6,83
505 m.a.s.l. Bh/C(g) 49-82 0,12 |0,01 [3.,6 5,78 6,81
C(g) 82-100 0,13 0,01 2,8 5,80 6,63
Ap 0-13 0,05 0,27 9,2 3,83 4,71
ABr 13-31 0,05 0,27 6,4 3,83 4,97
3 Bbr/C(g) 31-44 10,03 |0,02 4.8 4,32 5,39
436 m.a.s.l. Cl(g) 44-67 10,05 |0,01 4.9 5,48 6,30
C2g 67-100 10,08 |0,01 6,0 5,98 6,89
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Ap 0-18 0,05 10,17 8,3 3,83 4,76
4 ABbr 18-51 0,05 10,06 |44 4,26 5,22
400 m.as.l. Bbr/C 51-58 10,05 ]0,03 4,8 4,27 5,25
Bhbr/C(g) |58-69 (0,05 0,03 7,2 4,13 5,35
Cg 69-100 10,04 10,01 4,0 6,33 6,83

*Hcz — active acidity
**Hw — exchangeable acidity
***¥Hh — hydrolytic acidity

In the levels of solum as well as the parent rock of these soils, there is a large variation in
the grain size (fraction of <0.002 mm is in the range of 18 to 48%) and organic carbon content,
which does not translate into the dynamics of hydrogen ions. About 20% of hydrogen cations
strongly bonded in the sorption complex, with hydrolytic acidity of 3-4 cmol(+)-kg-1 of the soil,
indicates good soil buffering in this part of the slope.

Soils in the highest positions on the slope (with a large inclination of the surface) usually
have the highest bulk density, hence low water retention and relatively large surface runoff (14).
Movement of water involves the transport of organic black and dark gray colloidal humid
substances. In soils of the Western Bieszczady Mountains, in habitats with beechwood, but at
much higher heights, Drewnik (2) found that at a high rate of changes resulting from the
degradation of ectohumus, the products are dominated by the fulvic acid fraction, which should
be associated with extremely low soil pH and vegetation type. In our own research, dark gray
and black colloidal substances are visible in the form of surface runoff and groundwater runoff
in the soil profiles. These hardly soluble humic substances with a high carbon content do not
show higher chemical and physicochemical activity, including sorption abilities. In profile 2,
their accumulation allows separating the morphologically distinct level of enrichment of Bh/C
with the content of carbon in humus substances at the level of 1.42%, lying at a depth of 49-82
cm. The content of total nitrogen determined in this profile determines the increased trophicity
of the habitat, and the relation C/N = 12.9 resulting from the nature of humic substances
transformation confirms the high proportion of humines in humic substances (Table 2).

Table 2. Selected sorption properties of soils and C/N ratio in soil profiles of the
northern Cergowa slope

* sk sksksk
Profile No. | Genetic horizon cslr}lacg( +)|kCg]_31C soil Bf%) ((I;i) N
A 13,4 17,7 75,7 0,17 13,4
ABbr 14,0 17,6 79,5 0,12 12,2
1 Bbr/C 13,3 16,7 79,6 0,07 10,3
Cl(g) 13,1 16,3 80,4 0,02 -
C2g 12,8 15,6 82,0 0,02 -
A 15,6 19,6 79,6 0,17 13,9
ABbr 12,2 15,4 79,2 0,10 12,3
2 Bbr/C 13,6 16,4 82,9 0,08 11,4
Bh/C(g) 13,4 17,0 78,8 0,11 12,9
C(g) 14,8 17,6 84,1 0,08 -
3 Ap 13,0 22,2 58,5 0,12 12,5
ABbr 14,0 20,4 68,6 0,04 12,2
Bbr/C(g) 18,4 23,2 79,3 0,03 10,3
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Cl(g) 172|221 778 |- _
C2g 156 |21,6 722 |- _
Ap 126|209 60,3 |0,13 10,8
A ABbr 112|156 71,8 | 0,04 9,0
Bbr/C 12,6 [17.4 724 0,05 8.4
Bhbr/C(g) 144 |216 66,7 0,19 93
Cg 130 [17.0 76,5 |- _

*SEB — Sum of exchangeable bases
**CEC — Cation exchange capacity
*#*BS = S/T-100%

Significant enrichment of Bh/C level of this soil in carbon of humus substances is
undoubtedly related to the increase in the content of skeleton fractions, that at a depth of
49-82 cm constitute about 30% of the soil material volume, against their absence in level A.

The profile distribution of humus in soils of the slope is shaped, according to Smith et al. (15),
by erosion processes. They shape a mosaic of organic carbon distribution and its transformation
throughout the landscape. The profile distribution of organic carbon in the upper part of the slope is,
according to Novara et al. (11), quite stable and refers to the intensity of erosion.

In the basement of the soil, in the upper part of the slope, at a depth of about 50 cm, there
is periodically excessive waterlogging favoring hydromorphism processes, which are marked
by marble-like gleying. Soils of the upper part of the slope are characterized by very good
sorption properties (Table 3).

Table 3. Structure of the sorption complex of soils on the northern slope of Cergowa

] ) ) Ca Mg K Na
Profile No. | Genetic horizon [ %

A 72,7 16,5 8,6 2,2

ABbr 71,3 16,3 9,6 2,8

1 Bbr/C 65,4 21,8 11,3 1,5

Cl(g) 71,9 17,3 10,1 0,7

C2g 64,8 22,3 12,1 0,8

A 69,6 20,0 7,8 2,6

ABbr 59,8 26,2 10,7 33

2 Bbr/C 67,6 22,4 9,2 0,7

Bh/C(g) 68,3 21,2 9,8 0,7

C(g) 68,9 19,9 9,9 1,3

Ap 69,6 15,8 8,5 6,1

ABbr 71,1 15,1 7,4 6,4

3 Bbr/C(g) 80,9 10,7 6,8 1,6

Cl(g) 79,1 11,8 8,0 1,1

C2g 76,5 11,8 10,4 1,3

Ap 72,7 14,8 7,0 5,5

ABbr 66,3 17,3 83 8,1

4 Bbr/C 74,8 14,4 9,3 1,5

Bhbr/C(g) 79,9 10,5 8,9 0,7

Cg 71,8 16,5 10,9 0,8
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They show quite large sorption capacity, from 15.4 to 19.6 cmol(+)-kg-1 of soil in
individual genetic profiles, not related to the fraction of [1<0.002 and carbon content of humus
substances. Profile differentiation according to Kacprzak (8) is a manifestation of lithologic-
pedogenic discontinuity phenomena commonly occurring on the Carpathian slopes.

In the structure of the sorption complex, proportion of sodium cations was from 0.7 to
3.3%, potassium from 7.8 to 12.1%, magnesium from 16.3 to 26.2% and calcium from 59.8 to
72.7%, in individual soil levels. The abundance of slope soils in nutrients important from the
agricultural point of view was little differentiated. In the upper part of the slope, there was a
deep deficiency of available phosphorus in soils. Its content was usually below
5Smg P,0s5.100g-1 soil. The content of available magnesium was very high — above
14 mg Mg.100g-1 soil, whereas content of available potassium was not very varied within the
profiles and belonged to the middle-abundant class (table 4).

According to research by Li et al. (9), organic matter in the soils of upper part of the slope
limits the risk of surface runoff and loss of nutrients (nitrogen and phosphorus). Due to the
location and long distance to farm buildings, a large part of these soils is currently a post-
agricultural area or is planted with trees nowadays. The utility value of soils in the upper part of
the slope, despite the relatively good quality of soil material, is low. These soils belong to the
IV class of bonitation due to the climatic conditions associated with elevation above sea level,
slope and the northern exposition (13.16).

In the lower part of the slope (less than 450 m above sea level) with a smaller slope of
about 7°, the soil has been intensively used as arable land for many years. The reaction of these
soils (profiles 3 and 4) in surface levels is very acidic (Table 1), which is undoubtedly
associated with the intensive removal of alkaline cations with the yield of cultivated plants and,
on the other hand, with the abandonment of their rational fertilization, including liming.
Concentration of free hydrogen ions strongly bound to the sorption complex in the level of Ap
is 9.2 and 8.3 cmol(+)kg-1 of the soil, with relatively small concentration of hydrogen ions
weakly bound to the sorption complex, 0.27 and 0.17 cmol(+)-kg-1 soil, respectively.
Concentration of hydrogen ions is related to the saturation of the sorption complex of these soils
with basic cations. In the level Ap, it is about 60%, while in lower levels, it increases to
70-80%. The sorption capacity of soils in the lower part of the slope is clearly higher compared
to soils in the upper part of the slope (Table 2) and is usually above 20 cmol(+)-kg-1 of the soil.
Yellow color of the soil in the dry state suggests dominance of humic substances by fulvic acids
in these soils. Determined C/N ratio in the level Ap is above 10, while in levels below, less than
10, which confirms the high proportion of fulvic acids in humic substances. In the level of
Bhbr/C (g) of the soil (in profile 4), at a depth of 58-69 cm, relatively high content of soil
nitrogen was found — 0.19% N with a C/N ratio = 9.3

The high nitrogen content indicates the high trophicity (fertility) of the habitat, and the
northern exposition additionally favors the nitrification process of nitrogen (7), which increases
its dynamics in the profile. Shi et al (14) draws attention to the variability of the soil properties
on the slope. According to these authors, variation coefficient in soil physical properties is
about 37% in the 15-25 cm layer, while in the 15-85 cm layer, only 12%. However, variability
of chemical properties is much greater.

The structure of basic cations in the sorption complex of the soils in the lower part of the
slope did not differ much from those in the upper part (Table 3). The proportion of sodium
cations ranged from 0.7 to 8.1%, with a high share only in surface levels, which indicates their
anthropogenic nature. Proportion of potassium ranged from 6.8 to 10.9% in individual genetic
profiles and was associated with a top impoverishment. The proportion of soluble forms of
magnesium and calcium ranged from 10.5 to 17.3% and from 66.3 to 80.9%, respectively,
without any dependence on genetic levels.
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Table 4. The content of bioavailable forms of nutrients in the soils of the northern
Cergowa transect

Content of available forms
Profile No. | Genetic horizon P,Os | K,O | Mg
mg [100g-1soil
A 4,05 14,9 16,8
ABbr 3,08 13,2 16,6
1 Bbr/C 3,30 13,1 15,9
Cl(g) 3,83 14,9 16,8
C2g 443 154 17,6
A 4,09 13,8 17,9
ABbr 4,35 11,7 18,5
o) Bbr/C 3,90 8,5 14,5
Bh/C(g) 15,98 13,9 16,6
C(g) 12,55 15,3 14,3
Ap 4,35 15,6 15,6
ABbr 3,53 16,4 24,6
3 Bbr/C(g) 4,01 15,0 23,8
Cl(g) 3,08 15,8 19,3
C2g 6,56 16,5 20,0
Ap 3,75 8,9 12,5
ABbr 3,04 8.8 18,8
4 Bbr/C 3,72 12,4 26,7
Bhbr/C(g) 4,24 16,3 28,0
Cg 8,80 11,0 29,0

Soil abundance in digestible forms of nutrients at the bottom of the slope did not differ
much from soils in the upper part of the slope. They were severely depleted from the available
forms of phosphorus and showed strong variation within individual profiles, which is consistent
with results achieved by Shi et al. (14), who found that in the case of available phosphorus, the
profile variability coefficient reaches 95%. Abundance in available potassium in profile 3 was
average, while in profile 4 — low. Content of available magnesium allowed to count soils at the
bottom of the slope to a high-abundant class. The utility value of soils from the lower gentle
part of the slope is medium, and similar to soils in lowland areas, which makes it possible to
include them in the third class of bonitation.

CONCLUSIONS
1. Among humus substances, humins and humic acids dominate in the upper part of the
northern slope, while in the lower part, fulvic acids predominate.
2. The soil reaction in the upper part of the slope is slightly acidic (pH>6.5), while in the
lower part — intensively used for agriculture, there is a strong top acidification (pH<4.5).
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3. Degree of the sorption complex saturation of soils on the slope with basic cations usually
exceeds 70%, only in soils intensively used for agriculture in the lower part of the slope, it is about

60%.

4. Quite large proportion of sodium cations (5.5-8.1%) in the soil sorption complex from
the humus level in the lower part of the slope is of anthropogenic nature.

5. Regardless of the location in the relief, the content of available phosphorus in soils is
critically small, while magnesium and potassium — satisfactory

10.

11.

12.

13.

14.

15.
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STRESZCZENIE

KSZTALTOWANIE SIE WEASCIWOSCI GLEB NA STOKU
W ZALEZNOSCI OD POLOZENIA W RZEZBIE TERENU NA
PRZYKLADZIE CERGOWEJ W BESKIDZIE NISKIM

W Beskidzie Niskim nalezacym do gér niskich, o niewielkim pionowym zréznicowaniu
warunkéw klimatycznych, wilasciwosci gleb zaleza przede wszystkim od skal podloza i
powigzanymi z nimi zbiorowiskami ro§linnoéci. Duza rol¢ odgrywa réwniez uksztaltowanie
terenu i migzszo$¢ zwietrzeliny oraz sposob jego uzytkowanie. Czynniki te decyduja o
,-mozaikowatej strukturze pokrywy glebowe;j” w obrebie stokdw. Ksztattowanie si¢ wiasciwosci
gleb istotnych z rolniczego punktu widzenia na pétnocnym stoku Cergowej przedstawiono na
podstawie prac terenowych i wynikdw analiz laboratoryjnych gleb z czterech profili glebowych
odstonigtych wzdluz transektu na wysokosci od 551 do 400m n. p. m.

Pasmo szczytowe Cergowej porosnigte jest kompleksem zyznych wilgotnych siedlisk
buczyny karpackiej i jaworzyny goérskiej (Dentario glandulosae-Fagetum) z jodla wigzem
gbrskim i jaworem oraz nielicznym podszytem. Ekosystem ten jest pod wyraznym wplywem
wydostajacych si¢ lokalnie na powierzchnie wod $rédpokrywowych zasobnych w sktadniki
pokarmowe. W czgsci podszczytowej (profile 1 1 2) obecnie teren nie stanowi gruntu ornego,
jest trwatym uzytkiem zielonym lokalnie terenem porolnym. W dolnej cze¢sci (profile 3 i 4)
powierzchnia stoku jest intensywnie uzytkowana rolniczo.

Wody opadowe o niewielkim naturalnym stopniu zakwaszenia (pH >5,6), w goérnej czgéci
stoku (o wigkszym nachyleniu) stabo infiltruja, a w wigkszosci splywaja powierzchniowo i
podpowierzchniowo. Skutkiem tego gleby nie ulegaja wigkszemu zakwaszeniu, natomiast
substancje humusowe w szybkim tempie ulegaja dekompozycji, a produkty ich przemian w formie
kwaséw huminowych sa przemieszczane z poziomym przeptywem roztworu glebowego i
deponowane w nizszych potozeniach. W ten sposéb migruja réwniez inne rozpuszczalne sktadniki,
tym bardziej, ze w spagu profili procesy glejowe ulatwiaja rozpuszczanie polaczen.

W dolnej czgéci stoku (ponizej 450m n.p.m.) o mniejszym nachyleniu gleby od wielu lat sg
intensywnie uzytkowane rolniczo jako grunty orne, a ich odczyn (profile 3 i 4) w poziomach
powierzchniowych jest bardzo kwasny. Wiaze si¢ to niewatpliwie z intensywnym wyprowadzaniem
kationéw zasadowych z plonem uprawianych ro$lin, a z drugiej strony z zaniechaniem racjonalnego
nawozenia, w tym wapnowania. Towarzyszy temu redukcja wysycenia kompleksu sorpcyjnego
kationami zasadowymi od okoto 60%. Stosunkowo duza zawarto$¢ azotu w glebie profilu 4
wskazuje na duza troficzno$¢ (zyznos¢) siedliska, a potnocna wystawa dodatkowo sprzyja procesowi
nitryfikacji azotu, co zwigksza jego dynamike w profilu.

Bez wzgledu na potozenie w rzezbie terenu zawarto$¢ przyswajalnych form fosforu w
glebach jest krytycznie matla, natomiast magnezu i potasu zadowalajaca. Do§¢ duzy udziat
kationéw sodu (5,5 — 8,1%) w obsadzie kompleksu sorpcyjnego gleb z poziomu préchnicznego
w dolnej czesci stoku ma charakter antropogeniczny.
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ENVIRONMENTAL DISTRIBUTION OF IODINE AND ITS
PRACTICAL APPLICATIONS

Abstract. Iodine, belonging to the halogen group of chemical elements, is one of the least
abundant nonmetallic elements in Earth’s composition. Iodine is very unevenly distributed
throughout the planet with varying concentrations in different environmental compartments. Most
terrestrial environments are characterized by a low content of iodine, while the major part of global
iodine is in the marine environment. Iodine is an essential micronutrient for humans and animals and
an industrially important element. For industrial purposes, the main sources of iodine are deposits of
Chilean caliche, containing iodine admixtures in the form of calcium iodate, and subterranean brines
associated with oil and gas deposits. Iodine, along with its chemical compounds, has multiple
applications in various industry sectors, medicine and agriculture.

Key words: iodine, micronutrient, iodine biogeochemistry, iodine reserves, caliche,
subterranean brine, iodine applications, biocides, iodine-containing additives, fertilizers.

INTRODUCTION

Iodine, discovered in 1811 by Bernard Courtois, is the least abundant of the halogen
elements in Earth’s composition. Iodine is a naturally occurring constituent of the earth’s crust;
however, its natural distribution is uneven and varies greatly in different environmental
compartments. lodine levels have been shown to be low in most terrestrial environments
(igneous rocks, continental waters, soils, land vegetation), whereas the marine environment,
sedimentary rocks rich in organic material, and subterranean brines are characterized by higher
iodine concentrations [14, 15]. The element can accumulate in many taxonomic groups of biota,
especially in marine organisms (algae, invertebrates) capable of effectively concentrating iodine
from the surrounding milieu. In humans and other vertebrates, iodine accumulates in the thyroid
gland, where it is involved in the synthesis of thyroid hormones [3, 4, 28, 41], potent regulators
of metabolic and physiological processes [2, 4, 6, 7].

Iodine is largely a cyclic element and moves through the biotic and abiotic compartments
of Earth, thereby participating in global environmental processes. lodine cycles involve its
chemical speciation in the atmosphere, hydrosphere and soils, as well as at the air-water-
sediment interfaces [8]. The mobility and reactivity of iodine species is affected by changes in
environmental conditions (physicochemical factors, as well as biological activity). At present,
the natural cycle and geochemical behaviour of iodine are of particular interest in relation to
environmental chemistry, radioecology, nutrition and human health. Iodine deficiency in
humans caused by inadequate iodine intake is a significant public health problem worldwide
[18, 41, 50]. This problem is quite acute in Ukraine, especially in endemic areas such as the
Carpathian region in the west of Ukraine [3, 4].

Being a natural component of the environment, iodine is an industrially important element
and has many practical applications in various industries, medicine, agriculture, etc. [3, 4, 19,
23]. The aim of the article was to analyze the chemical properties of iodine, its environmental
distribution, industrial use and other practical applications of this element.
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1. CHEMICAL PROPERTIES OF IODINE AND ITS COMPOUNDS

The chemical element iodine (I) with an atomic number of 53 and an atomic mass of 126.9
belongs to halogens that are in group 17 of the periodic table. Elemental iodine is a dark-gray to
purple-black, lustrous solid with a rhombic crystalline structure, which easily sublimes bypassing the
liquid form. Chemically, iodine exhibits a relatively high reactivity compared to other non-metals,
although it is almost the least reactive among halogens. lodine exists in the environment in the form
of compounds rather than as a pure element, and shows oxidation states: —1, 0, +1, +3, +5 and +7
(valence I, III, V and VII) [27]. Although only slightly soluble in water, iodine dissolves easily in
chloroform, hexane, and other organic solvents due to its lack of polarity.

Iodine forms environmentally important and industrially useful compounds with
hydrogen, metals, other halogens and oxygen. In particular, iodine can form different oxides,
such as radical iodine oxide (IO), iodine dioxide (IO,), diiodine tetroxide (I,0,), diiodine
pentoxide (I,0s) and tetraiodine nonoxide (I;0¢). Many of them have been detected in the
atmosphere and are considered to be particularly important in the marine boundary layer [24].

Iodine can react with many metals, preferably in the presence of water, and directly reacts
with other halogens with the formation of interhalogen compounds (such as ICI, IBr3, IFs, etc.).
Interhalogens are more reactive than elemental iodine and can be readily hydrolyzed with
formation of halogen acid and oxy-halogen acid [39].

By interacting with reducing agents, iodine forms a gaseous hydrogen iodide (HI), which
is readily soluble in water. Aqueous solution of HI is known as a hydroiodic acid (the second
strongest hydrohalic acid after hydroastatic acid). Hydroiodic acid reacts with metals, oxides
and salts of the other weak, non-oxidizing acids, causing the formation of iodides. Most iodides,
such as KI, Nal, Cal,, Mgl,, Znl,, Bal,, are highly soluble in water, whereas Ag, Hg, Pb, Bi, Sn
salts are insoluble [17]. Cuprous iodide (Cul) is poorly soluble in water (0.00042 g/L at 25°C),
but it dissolves in the presence of Nal or KI to form the linear anion [Cul,] . Dilution of such
solutions with water reprecipitates Cul (this dissolution-precipitation process is employed to
purify Cul) [26]. Iodide anion demonstrates strong reducing properties and can be oxidized in
the presence of oxygen, halogen molecules or other oxidizers to molecular iodine (I,). Iodide
interaction with iodine molecules in aqueous milieu leads to the formation of polyiodides (that
is, polyhalogen anions composed entirely of iodine atoms). The most common and simplest
member is the triiodide ion, I3 [43].

Oxyacids of iodine are hypoiodous acid (HIO), iodous acid (HIO,), iodic acid (HIO;), and
periodic acid, which can exist in two forms: orthoperiodic acid (HsIO¢) and metaperiodic acid
(HIO,4). Hypoiodous acid is a weak acid (K,= 2.3 x 10"”), which exists only in weak aqueous
solutions. It is extremely unstable and rapidly decomposes by disproportionation with the
release of iodic acid and elemental iodine: SHOI — HIO; + 2I, + 2H,0. The salts of
hypoiodous acid (hypoiodites) are also unstable, existing only in solutions.

Iodic acid is one of the most stable oxyacids of the halogens in its pure state. It is a
medium-strong acid (pK,=0.804), which is strongly oxidizing in acidic solution. When iodic
acid acts as an oxidizer, the product of the reaction is either iodine, or iodide anion. The salts of
iodic acid (iodates) exhibit strong oxidizing properties. When interacting with iodides in an
acidic medium, iodates release elemental iodine. Most iodates are insoluble in water (except Na,
K, NH,, Mg salts) [17].

A portion of iodine is present in natural and industrial environments in the form of organic
compounds that contain one or more carbon-iodine bonds. In humans and vertebrate animals,
organic iodine compounds are represented by thyroglobulin, iodinated amino acids
(3-monoiodotyrosine and 3,5-diiodotyrosine), iodine-containing hormones (thyroxine and
tritodothyronine) and intermediates of their metabolism [4]. A variety of natural organic
compounds of iodine have been found in marine invertebrates.
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Organic iodine compounds (including those containing iodine at higher oxidation states)
are widely produced by organic synthesis in the chemical industry and have found extensive
application in various sectors of economic activity. Industrially significant organoiodine
compounds, often used as disinfectants or pesticides, are iodoform (CHI;), methylene iodide
(CH,l,), methyl iodide (CH3l), and others [33].

2. ISOTOPES OF IODINE

Most of the iodine in nature is represented by the only stable isotope '*’I. In addition,
iodine has 42 recognized radioactive isotopes and isomers at atomic number 108-141 that
include one long-lived radioactive isotope '*’I (half-life of 15.7 million years) and a number of
short-lived radioactive isotopes [5]. The radioisotopes "“'I and '*I are of particular
environmental concern [25]. The long-lived isotope '*I is the only naturally occurring
radioactive isotope of iodine and an important by-product of nuclear fission. This radioisotope
is produced in nature by cosmic-ray-induced spallation of xenon in the atmosphere and by
spontaneous fission of uranium in the geosphere [42]. Artificial '*°T originates mainly from the
fission of **U and **Pu induced by thermal neutrons with a fission yield of 0.9% from ***U and
1.6% from *’Pu. Anthropogenic '*I has been released into the environment as a result of
nuclear weapons testing, nuclear accidents (such as the Chernobyl disaster in 1986) and from
spent nuclear fuel reprocessing plants. Nuclear weapon tests, which began around 1945 and
peaked in 1963, added tens of kilograms of 'I to the atmosphere [37]. Unlike most
radionuclides produced during atmospheric bomb testing, which have returned to near pre-
nuclear levels, the amount of '*°I in the environmental compartments has continued to increase
due to subsequent emissions from nuclear fuel reprocessing plants [37]. At present, nuclear fuel
reprocessing facilities are the major source (>90%) of 121 released to the environment [5].

It has been recognized that '*I is an important contributor in risk assessment because of its
tendency to concentrate in biota components and in the human thyroid gland, a long half-life,
and high mobility in the environments. Artificial '*’I enters the environmental cycle of iodine
and changes the natural iodine isotopic ratio. Its concentration is used as an environmental
tracer and as an indicator of the long-term human impact on the environment [40]. At present
time, as a result of anthropogenic activities, the '*’I/'*'I ratios in environmental compartments
have being reached to values of 107'° to 10™* (compared with 10~ in the pre-nuclear era) [20].

The short-lived "*'T isotope (with a half-life of 8.02 days) is one of the most important
radioactive iodine isotopes because of its high specific activity of 4.59 x 10° TBq
(terabecquerel) per gram. Radioisotope '*'I is a hazardous fission product, representing a major
risk of short-term contamination in the event of nuclear accident or other incidents involving the
release of radioactive materials. During thermal fission of *U, the "*'I and "I isotopes are
produced with an isotopic ratio of 'I/'*I =3.82 [11]. According to experts, ' isotope was
responsible for 46% of the radioactivity dispersed after the reactor explosion in the Chernobyl
disaster. The "*'T inventory in the reactor core at Chernobyl was estimated to be 3.2 EBq
(exabecquerel) and the total *'I released during the course of the accident was about 1.76 EBq
[45]. In conditions of accidental release of B into the environment, this radioisotope can
accumulate in large quantities in the human thyroid, especially in people with iodine deficiency,
which leads to radiation damage to thyroid follicular epithelial cells and thyroid dysfunction.
Exposure to high doses of "*'I during and after the Chernobyl accident is considered the leading
cause of thyroid cancer in populations living in the surrounding areas [45]. In the past, a huge
amount of "'T has been released into the environment during nuclear weapons testing. From
1945 until 1998, over 2000 nuclear tests were carried out all over the world. In particular, from
1951 to 1992, more than 900 nuclear tests were conducted at the Nevada Test Site, releasing
about 5.55 EBq of | [38], and more than 700 tests were conducted in the former USSR
between 1949 and 1990 [35].
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Despite the ecological risk of radioactive iodine isotopes in the case of their release in the
above-mentioned situations, several radioisotopes of this element are used in medicine,
scientific research, etc. In particular, due to the short half-life of 131I, this radioisotope along
with "I (with a 13-hour half-life) is used in diagnostic scintigraphic imaging, in the therapy of
hyperactive thyroid gland and for post-surgical ablation of thyroid remnant in patients with
thyroid cancer [1].

3.  BIOGEOCHEMICAL BEHAVIOUR OF IODINE

Iodine is a trace element of the earth’s crust (concentration of around 0.3 to 0.5 mg/kg)
and is generally regarded as a hydrophile, atmophile and biophile element [14, 15]. In contrast
to the lithophile nature of other halogens, iodine is more chalcophile than lithophile in
character, as indicated by the high levels of iodine found in some ore minerals and sulfide-
containing carbonatites [13]. Iodine is a volatile element that is transported through the
atmosphere in gaseous form (such as I, alkyl iodides) and can therefore be classified as an
atmophile; it is highly concentrated in the in marine and oceanic waters and, consequently, is
classified as hydrophile element [13]. Iodine is also considered a biophile because of its marked
association with organic matter [16]. Bioconcentration of iodine in living organisms from the
surroundings is one of the features of iodine behaviour in the natural environment, with the
global cycle of this element being closely associated with its biogenic transformation. Iodine is
present in the environmental compartments in multiple oxidation states and in a variety of its
chemical species, both inorganic and organic. Chemical speciation of iodine in nature is highly
sensitive to changes in the surrounding environment and depends on pH, redox potential,
organic matter content, temperature, sunlight intensity and microbial activity [14, 15].

Major part of the world’s iodine reserve is found in the waters and bottom sediments of
the seas and oceans, and the remainder is in continental rocks and soils. It is considered that
most iodine in the soils and freshwater systems is derived from the World Ocean, the
dominating source of iodine in its global environmental cycle [15]. The enrichment of terrestrial
environments with iodine occurs via the volatilization of this element from the marine
environment to the atmosphere and its subsequent transfer to the land surface by dry and wet
deposition [15]. The oceans contain about 70% of the Earth’s surface inventory of natural
iodine. Oceanic iodine is commonly trapped by sediments and various groups of biota, with a
special role being played by brown algae. Representatives of the genus Laminaria
(Phaeophyceae) are the most potent iodine bio-accumulators among all living systems [29].

Concentration of iodine in terrestrial vegetation is usually low, but it can be significantly
increased in crops and vegetables by using iodine-containing fertilizers. Although iodine is not
considered an essential micronutrient for land plants, this element has been found to stimulate
some metabolic processes and plant growth. In particular, the use of iodine-containing plant
growth stimulants (such as “Vermyiodis”) provides increased productivity and the formation of
biologically active secondary metabolites in medicinal plants (Calendula officinalis L.,
Matricaria recutita L.) [31, 32].

4. WORLD RESERVES AND USES OF IODINE

World iodine reserves are estimated at about 7.5 million tonnes of crude element (Table 1)
[46]. Iodine naturally occurs in several minerals (e.g. iodargyrite, marshite, lautarite, dietzeite,
bellingerit, salesite etc.), but most of these minerals are rare and not concentrated in the form of
deposits [22]. Lautarite [Ca(IO3),] and dietzeite [Ca,(105),(CrO,)*H,0] are the two crystalline
forms in which iodine naturally occurs in caliche ore used for industrial extraction of this
element. Chilean caliche mined in the Atacama Desert of northern Chile and west of the Andes
Mountains provides significant part of the world’s reserves of iodine (Table 1). The chemical
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form of iodine in caliche is calcium iodate: (CalQs),; iodine content of the ore is of around
400 mg/kg. Other potent reserves of iodine are subsurface brines associated with oil and gas
deposits. In deep brines, this element often occurs as sodium iodide with an iodine
concentration ranging to 150 mg/L and above. lodine is extracted industrially from brines
associated with gas wells in Japan, USA, Turkmenistan, Azerbaijan, and Indonesia. By far the
largest producer of iodine from brine is Japan, where iodine-rich water is co-produced with
natural gas. Concentration of iodine in Japanese subterranean brines ranges up to
150-160 mg/L. The main producing area is the Southern Kanto gas field on the east-central
coast of Honshu, which accounts for about 80% of Japan’s iodine output [23].

Table 1. Iodine estimated reserves per region and iodine production in 2017 [34, 46]

Origin Region Reserves Production in 2017
(x 1000 metric tonnes) (metric tonnes)
Underground brines | Japan 5 000 10 600
USA 250 NA
Azerbaijan 170 200
Russia 120 NA
Indonesia 100 15
Turkmenistan 70 500
Caliche ore Chile 1 800 20 000
Seaweed China 4 NA
World total (rounded) 7514 NA

NA: Data not available.

In addition to the above-mentioned sources, the world’s largest reserve of iodine is contained in
seawater; however, direct extraction of iodine from this source is economically unfeasible because of
its low concentration (on average 45-60 pg/L) [19]. Potential large resource of iodine is marine
algae, capable of accumulating this element up to 30 000 times compared to seawater [29]. Some
species of seaweed, especially the brown algae of the genus Laminaria, contain significant amounts
of iodine in the form of sodium and potassium iodides. Before the development of iodine extraction
from caliche ore, the marine algae were an important source of this element, and the production of
iodine from seaweed was a major economic activity in the coastal regions of Europe (in parts of
Brittany, Normandy, Ireland and Scotland) [29]. However, seaweed-based iodine production is not
economic at present. Today, approximately 2% of the total iodine consumption comes from this
source (iodine is being obtained as a by-product in the processing of sodium alginate). The seaweed-
based production of iodine is concentrated mainly in China (in Shandong, on the northern coast of
Jiangsu, and in a part of Zhejiang).

At present, iodine and its chemical compounds have many practical applications in a
variety of economy sectors. The element is being widely used in various industries, medicine,
agriculture and other areas of human activity (Fig. 1) [4, 41, 47].

Human nutrition 0:’;5;)5 X-ray contrast media

3% 22%

Povidone-iodine
3%

Biocides
4%
Fluorochemicals

7%
Animal feed
8%
Figure 1. Global demand for iodine according to its application (adapted from: [19])
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A significant part of the globally produced iodine is used in industrial catalysis. In
particular, hydroiodic acid is used as a co-catalyst for the production of acetic acid by the
Monsanto and Cativa processes [21]. Organic derivatives of polyvalent iodine (known as
hypervalent iodine compounds) have attracted considerable interest as versatile and
environmentally benign reagents for organic synthesis [49]. Iodine is also important constituent
for the synthesis of the X-ray contrast agents because of its high mass X-ray absorption
coefficient [1.94 cm?/ g at 100 keV] and its chemical versatility [9]. Currently, iodinated contrast
agents such as iohexol, a nonionic monomer (Omnipaque ™) and iodixanol, a nonionic dimer
(Visipaque ™) are widely used in X-ray diagnostic procedures such as angiography, urography
and computed tomography.

The important application of iodine is its use in the production of liquid crystal displays
(LCDs), which are indispensable in modern visual devices such as television screens and smart
phone touch screens. Iodine and its compounds are used in the polymer industry, in the
production of dyes, photographic reagents, pharmaceuticals and food additives [23].

Iodine is widely used as a disinfectant and antiseptic, often in a solution of alcohol and
water containing potassium iodide (tincture of iodine, and Lugol’s iodine), and in the form of
iodophors (iodine complexed with a solubilizing agent, such as a surfactant or povidone) [12].
In particular, an effective and widely used antiseptic, povidone-iodine (known under the trade
names: Betadine, Wokadine, Pyodine, etc.) contains from 9 to 12% of iodine. An important
antiarrhythmic medication amiodarone (Fig. 2) contains approximately 37% iodine by weight.

|
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[

Figure 2. Iodine-containing antiarrhythmic medication amiodarone

Iodine has been introduced into metallurgical processes for the production of several
transition metals in a high state of purity, such as titanium, zirconium, thorium, cobalt, and
chromium [36]. Iodine has the potential to be used in hydrometallurgy as one of the alternative
reagents for extracting gold from gold ores, as well as for the recovery of precious metals (gold,
silver, palladium) from secondary sources, such as waste generated by the electrical and
electronic devices [30, 48]. This element can be used for the recovery of mercury from
fluorescent lamp waste [44].

Iodine and its compounds have various applications in the food industry: for the
fortification of table salt, bread, and dairy products and for the production of food additives
(e.g., dough conditioning and maturing agents, as well as a cherry-pink colouring agent,
erythrosine). lodine is the most effective agent for water purification. In agriculture, this
element is used for the production of fertilizers and agricultural chemicals (e.g., herbicides and
fungicides); iodine supplements are widely used in the farm animal feeding [3, 4, 41, 47].

Iodine in the form of silver iodide has long been used to induce weather modification,
namely for the cloud seeding process [10]. This widely practiced rainmaking method involves
injecting clouds with particles of silver iodide, “seeds” around which ice particles can form. The
ice crystals fall toward the ground and melt to become water droplets. Potassium iodide is also
used for this purpose.

It is noteworthy that there are no comparable substitutes for iodine in many of its principal
applications, such as human and animal nutrition, catalytic, pharmaceutical and photographic
uses [46]. Other halogens, namely bromine and chlorine could substitute for iodine in biocides
and dyes; however they are usually considered less suitable than iodine. Antibiotics and boron
may also be used as biocides instead of iodine.
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In view of the wide range of applications of iodine and its compounds, the global demand
for this element is constantly growing and currently exceeds 33 thousand metric tons per year
[23]. Chile and Japan are the world’s largest producers of iodine (Table 1), with iodine
production in Japan accounting for about 30% of total iodine production in the world. In 2017,
the production of iodine in Chile amounted to around 20 000 metric tonnes, and Japan produced
10 600 tonnes of iodine [34]. According to available data, in 2017 a significant amount of
iodine was also produced in Turkmenistan, Azerbaijan and other countries (Table 1).

CONCLUSIONS

The chemical element iodine, discovered by Bernard Courtois in 1811, is a highly reactive
nonmetal belonging to the halogen group. Iodine shows oxidation states from —1 to +7 and
forms a variety of chemical compounds (both inorganic and organic). Most of the iodine in
nature is represented by the only stable isotope '*'I. Todine has 42 recognized radioactive
isotopes, two of which (‘*’I and "*'T) are of particular environmental concern.

Iodine is generally regarded as a hydrophile, atmophile and biophile element. Its
concentrations in the terrestrial environment are generally low and highly variable, while most
of the global stock of iodine is found in oceanic water and sediments. Iodine is a largely cyclic
element and moves through the biotic and abiotic compartments of Earth along a cyclic path
known as the biogeochemical cycle. Enrichment of terrestrial environments with iodine occurs
due to volatilization of this element from the marine environment to the atmosphere and its
subsequent transfer to the land surface by dry and wet deposition.

For industrial purposes, the main sources of iodine are its mineral deposits, both Chilean
caliche ore and underground brines. Iodine is also obtained as a by-product in the processing of
sodium alginate from seaweed.

Iodine and its compounds have found various industrial applications. Iodine is used as a
catalyst in the production of various chemicals, mainly acetic acid; it is an important constituent
of radiocontrast media, surfactants, iodophors, biocides and pharmaceuticals. One of the
important applications of iodine is its use in the production of liquid crystal displays (LCD),
which have become an indispensable part of most electronic devices. lodine and its compounds
are also used in the production of photographic reagents and dyes. lodine has important
applications in the healthcare industry: as a disinfectant, in the manufacture of medicines, and in
water purification. Iodine compounds are used as fertilizers in agriculture; this element is an
important component of food additives used in human diets and animal nutrition.
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AHOTANIA

PO3MOBCIO/IXKEHHS IO1Y B HABKOJIMIIIHbOMY
CEPEJIOBHIIII TA HOI'O IPAKTUYHE 3ACTOCYBAHHSA

Von, ranmoren 17-i rpynu mepiogumunoi Tabiuii, € MiKpOEIEMEHTOM 3eMHOI KOpH Ta
OJTHHM 3 HE3aMiHHHMX KOMIIOHEHTIB XapuyBaHHs JTIOMMHA. Mo — peakiiliHO aKTHBHHUIA €ICMEHT,
KA YTBOPIOE pPI3HOMAaHITHI HEOpraHiYHI Ta OpPraHiYHi CHOJYKH, BHSBJISIOUH CTYIIHb
OoKkHCHEHHS BiJ —1 1o +7. OCHOBHa yacTKa MOy y TPHPOII NPE/ICTaBICHA OJHUM CTAOIIBHUM
isoromom 'L Oxpim Toro, Wom Mmae 42 pamioakTUBHI 130TONH, JBa 3 SKUX (**I ta "'
0COONMBO BaXJIMBI B EKOJOTiYHOMY acmekTi. Pamioizoron I 3 mepiomom HamiBposmamy
15,7 MIH. pPOKiB — €IMHHWN NPHUPOTHUHA PaTiOaKTUBHHUHA i30TON Homy Ta MOOIYHHNA NPOIYKT
sIepHOro Toxiny. AuTponorenrmii I HAIXOUTH y HABKOJMIIHE CEPEIOBUINE B PE3yIIbTaTi
BUIIPOOyBaHb saepHOi 30poi, saepHUX aBapiil (Takux, sk YopHOOMIBCHKA KaTacTpoda 1986
POKY) Ta Bif mepepoOKH BiANPAIOBAHOrO SCPHOTO TAmMBa. JOro KOHIEHTPALIIO
BUKOPHCTOBYIOTh SIK €KOJIOTIYHMH MapKep Ta MOKa3HHK JOBrOTPHUBAJIOTO aHTPONOI€HHOTO
BIUIMBY Ha HABKOJMIIHE cepenoBuine. Pamgioizoromn S (3 mepiogoM HamiBposmany 8,02 nHi) —
HeOe3NeYHNH pafioOHyKIIiA, KUl CTBOPIOE 3HAUYHHHM PU3MK KOPOTKOYACHOTO 3a0pyJHEHHS B
pasi saepHoi aBapii abo IHIIMX BUIA/KIB, ITOB’ I3aHUX 3 BUKUJIOM Pa/li0aKTUBHUX PEYOBHH.

OcCHOBHA YacTHHA TJI00AIBHOIO pe3epBY oAy 3HAXOAWUTHCS y BOAAX Ta JOHHUX OCamax
CgitoBoro oxeany. [lepuiopsiaHy ponb y 30araueHHi Ha3eMHOT'O CEpelIOBHUINA HOIOM Bimirpae
BHITAPOBYBAHHS ITLOTO €JIEMEHTA 3 IMOBEPXHI MOpPIB i OKEaHiB B aTMocdepy 3 MOAATbITIM
MIEPEHECEHHSAM Ha CyIIy MIIIXOM CYXOTO i BOJIOTOro oca/pkeHHsA. KoHIeHTpamis Homy B
Ha3eMHHX pOCIMHAX 3a3BWYaii HH3BKA, TMPOTE MOXKE 3HAYHO 30UIBIIYBATHCH Y
CITbCHKOTOCTIONAPCHKUX KYJIbTypaX BHACIHIJOK BHKOPHCTAaHHS HOJOBMICHHUX JOOpPHWB ITiJl Yac
BHpOIIyBaHHSI. MOpCBKi opraHizMu (BOIOpPOCTi, 0e3xpeOeTHI TBapWHH) 3MaTHI e€(PEeKTUBHO
KOHIIEHTPYBATH IIeH €JIeMEHT 3 BOJHOTO CEpe/IOBHINA i TpaHCHOPMYBaTH HOTO0 HEOpraHidHi
CIIOJNYKH B OpraHiuHi. BaxiwBa ponb B akymylnslii WOIy HAaJICKUTh OypUM BOJIOPOCTSIM,
ocobnuBoO mpencTaBHuKaM poay Laminaria (Phaeophyceae), siki € HaWIOTYXHIIIUMH 3 YCiX
KHMBUX CHCTEM 010aKyMYyJIITOPaMH L[bOTO €JIEMEHTA.

Jly1st npoMuUCIIoBOro BUAOOYTKY HOAy BUKOPHCTOBYIOThH HOKJIAIH YMIIIHCHKOT CEliTpH, sKa
MICTHTh JIOMIIIKKA KaJbIil0 HOAaTy, Ta MiA3EMHI PO3COJH, SIKi CYHNPOBO/UKYIOTH POJOBHINA
HadTH i rasy. Mox Takoxk OTPUMYIOTh K MOGIYHMI IPOIYKT BUPOOHHITBA AIbriHATY HATPIIO 3
Bogopocrell. Hait6inbini npupoani 3anacu oy € B Umni Ta Snowii; i kpaiHu € CBITOBUMU
JIiilepaMy IPOMHUCIIOBOTO BUPOOHUIITBA Ta €KCIIOPTY HOLY.

Mox Ta #0ro CrHoNyku MarTh IIHPOKE 3aCTOCYBAHHS B Pi3HMX NPOMHCIOBHX raiy3sx,
MEMIHHI Ta CiTbCHKOMY TOCHOAApCTBi. M0J BUKOPHCTOBYIOTb SK KaTaldi3aTop y XiMmiuHiii
IIPOMHCIIOBOCTI, 30KpeMa, MiJl yac BUPOOHHUIITBA OLTOBOI KMCIOTH. Lleil exeMeHT Mae BaykJIMBe
3HAYCHHS IUIsS CUHTE3Y  PAJiOKOHTPACTHHX Ta  IOBEPXHCBO-aKTUBHUX  PCYOBHUH,
(apmareBTHUHUX TIperapaTiB, a TaKOX JUIsi BUPOOHUIITBA PiIKOKPHUCTATIYHHX JUCIUICIB,
na3epiB, aKyMyIaTOpiB. 0] BUKOPHUCTOBYIOTh y BHPOOHMITBI OAPBHMKIB Ta PEareHTIB Ui
doTorpadii; meil eTeMeHT € BaXKIMBOI CKIAJOBOIO OIOMMIIB TAa AHTHCENTHKIB. Mox Mae
IIMPOKE 3aCTOCYBAaHHS B Taily3i OXOPOHHU 3JIOpPOB’S: SIK Ae3iH(iKyrouuil 3acid, SK KOMIIOHEHT
JIIKapChKUX TMpeTapaTiB, a TAKOXK y Iporieci ounieHHs Boau. CIIONyKH HOy BUKOPHCTOBYIOTh
SIK TOOpUBa B CITLCBKOMY TOCIONAPCTBI, I HOMyBaHHS KYXOHHOI cOJi Ta 30aradyeHHs ITUM
E/IEMEHTOM XapuoBUX HPOAYKTIB. M0 € BaXK/IMBUM KOMIIOHEHTOM MiKpOEIEMEHTHHX J00aBOK,
SIKI BAKOPHCTOBYIOTh Y Xap4yyBaHHI JIFOJIMHA 1 TBAPHH.
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INTEGRATION OF SUSTAINABLE DEVELOPMENT PRINCIPLES IN
THE DECENTRALIZATION PROCESS IN UKRAINE

Abstract. The principles of sustainable development and ecosystem approach as an
ideological background for the development of local self-government in terms of
decentralization are considered.

It is shown that the reform of the administrative system in Ukraine, aimed at
decentralization, creates favorable conditions for the implementation and integration of the
sustainable development principles at the basic local level of society organization.

The article analyzes the requirements of international documents on the sustainable
development for local communities, which emphasize the local self-government. The normative
and legal bases of the national legislation of Ukraine regulating the integration of sustainable
development and local self-governance are presented.

The essence of the ecosystem approach as the strategy of integrated management for the
environment in local communities is determined.

The method of social mobilization and the process of "activity from below" are described.
Their role for decentralization, formation of centers of civil society, integration of the
sustainable development principles is characterized.

Keywords: sustainable development, Agenda 21, local community, environment, social
mobilization.

INTRODUCTION

The liberation of countries from dictatorships and the transition to a democratic form of
government is always a painful social process, especially in local communities. People who are
not yet formed the community are often not ready to assume full responsibility in their local
areas of residence, and the blame for the lack of reforms is translated into central authorities.
The processes of social mobilization at the local level and the activity of communities "from
below" in the post-dictatorial regimes are weak and underdeveloped; they do not have a critical
mass of reformists. These problems are very pronounced in Ukraine, and, in our opinion, the
key issue is the lack of a reform ideology.

On the path to finding ideology for the reform of the Ukrainian economy and society, the
Concept of Sustainable Development can become an effective tool for this. The UN World
Conference on Environment and Development adopted the Declaration and recognized the
concept of sustainable development as the dominant ideology of community development in the
twenty-first century [7]. As a global strategy for humankind for the harmonization of man and
the environment, the concept of sustainable development was embodied in the international
document "Agenda 21, 1992". It has a local dimension. The creation of united territorial
communities does not take into account the principles of sustainable development and
ecosystem approach. Therefore, the reform of the administrative system and decentralization in
Ukraine are a suitable time for implementing the foundations of sustainable development at the
basic level of local communities.

The purpose of our research was to study the possibilities of integrating the principles of
sustainable development into decentralization processes in Ukraine, to identify the key issues
and obstacles to the implementation of sustainable development in Ukrainian communities.
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LOCAL COMMUNITIES AS A BASE LEVEL FOR
DECENTRALIZATION AND SUSTAINABLE DEVELOPMENT

1. Regulatory and Legal Basis of Sustainable Development for Local Self-
Government

The International Sustainable Development Document "Agenda 21" puts strong emphasis
on the local level, as noted in the following chapters [10]:

- Section 7. "Promoting Sustainable Development of Human Settlements";

- Section 14. "Promoting Sustainable Management of Agriculture and Rural
Development";

- Section 26. "Recognizing and strengthening the role of indigenous peoples and local
communities";

- Section 28. "Initiatives of Local Authorities in Support of the Agenda for the 21st
Century".

The UNDP Municipal Program "Local Agenda" (MPD-21) is devoted directly to
decentralization and implementation of sustainable development in local communities.

The Law of Ukraine "On Local Self-Government in Ukraine" [3] regulates the basic principles
of local self-governance and defines a specific community as a territorial community, which is "the
primary subject of local self-government, the main bearer of its functions and powers".

The European Charter of Local Self-Government [16] defines local self-government
through the law and the ability of local self-government bodies to regulate and manage a
substantial proportion of public affairs, under their own responsibility, in the interests of the
local population. Councils or assemblies whose members are freely elected by secret ballot
based on direct, equal, universal suffrage and which may be accountable to them by the
executive bodies exercising this right.

The National Strategy of Ukraine's Environmental Policy foresees the integration of socio-
economic development programs and local action plans for environmental protection, as well as
strengthening the role of local self-government bodies in the process of the state environmental
policy implementation, its improvement taking into account the Guiding Principles of
Sustainable Spatial Development of the European Continent (Hanover, 2000) [2].

Thus, legal instruments create all opportunities for the development of local self-
government based on sustainable development.

2. Ecosystem approach for decentralization

The understanding and implementation of the ecosystem approach principles is
important for implementing the foundations of sustainable development at the basic levels.
The ecosystem approach is a part of the sustainable development ideology, which was
introduced into the international norm at the Sixth Conference of Parties V/6 (Nairobi, May
15-26, 2000) within the framework of the Convention on Biological Diversity [4]. The
ecosystem approach is defined as a strategy for integrated management of the environment
and living resources that ensures the conservation and sustainable use in an equitable
manner. In general, the idea of an ecosystem approach is based on the fact that each
territory is characterized by its own natural ecosystem with a special structure and
functional parameters [1]. Its architecture and composition are special in a complex of
landscape, climatic, soil conditions, plant and animal populations. An inseparable element
of a local ecosystem is a person, as well as a local community (village, city), living in the
woods of ecosystems, using its resources (geological, climatic, water, soil, vegetation,
animals, etc.), and changing it. In other words, the ecosystem, having a certain potential of
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resources, provides people with their services (Fig. 1) [14]. At the Sixth Conference of the
Parties in Nairobi, the concept of "ecosystem services" was introduced along with the
concept of "ecosystem approach".

It is at this basic level that the relationship between the community and a particular
natural environment (ecosystem) is most closely interwoven and reflected in economic
needs, cultural and spiritual traditions, and other ties. Native land is more than just a place
of residence. The authors of the modern concept of bioregionalism substantiate the organic
unity of the ethnos and the natural environment, and a significant difference in the ties
(cultural, spiritual, and environmental) with the environment of the indigenous and arrived
peoples. The notion of "archetype" is similar to the notion of bi-regionalism, which is
substantiated by the works of the Swiss scientist K. Jung. The concept of an archetype
makes it possible to find out the various essential features of every national culture,
everyday life, traditions, and customs, as well as to trace the inextricable connection of
each people with the land of their ancestors. In other words, the archetype is almost a
mystical unity of man and the environment in which he lives and in which the memory of
his ancestors lives. An archetype is something that cannot be learned, and is a constant of a
particular ethnic group. The concept of sustainable development also enhances the role of
indigenous peoples and local communities. In section 26.1., Agenda 21 states: ‘Given the
interconnection between the state of the environment, the sustainable development and the
cultural, social, economic and physical well-being of indigenous peoples, due attention
must be paid to promoting the role of indigenous peoples and local communities, as well as
recognizing and strengthening this role.’

Such modern processes as globalization, urbanization, migration of the population are
factors weakening the connection of a man with the natural environment.

Therefore, the local level is crucial for the implementation of sustainable development at
the lowest levels of the society organization.

The general scheme of

ecosystem hierarchy General scheme of territorial
division for communities

Harmonization
mechanisms:

- economic

- administrative
- educational

- legal O

- others

Fig. 1. The ecosystem structure and administrative organization
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SOCIAL MOBILIZATION INSTRUMENTS FOR
DECENTRALIZATION AND SUSTAINABLE DEVELOPMENT

The key task and problem in the way of decentralization is the voluntary formation of
the primary (basic) communities, the establishment of their social communications. People
living in authoritarian, centralized societies are difficult to integrate into local communities
to solve any problems in the areas of residence. Moreover, the Law of Ukraine "On Local
Self-Government in Ukraine" (Article 14) stipulates the formation of home, street and other
self-government bodies that can get a part of their own competence in defending local
interests. This is also foreseen in Agenda 21 (7.20g): ‘To empower public groups, non-
governmental organizations and individuals to take responsibility for the rational use and
improvement of the environment through tools, methods and approaches that are based on
participatory and predictable the concept of environmental protection.’

Social mobilization and community structuring involves the active involvement of all
sectors of the population in solving priority social, economic, and environmental problems
of local significance. Social mobilization can bring together all segments of society (men,
women, youth, poor / rich, private sector, local authorities, civil society organizations,
educational institutions) in partnership to achieve a common goal and lead to community
involvement in the process of local development. Social mobilization brings the territorial
community into a state (organizational, institutional, mental), when it is able to solve the
problems that arose before it, using its own resources. It also involves changing the way
people think that they have a specific problem, so that they unite, used their hidden
potential to help themselves. We believe that today all conditions for the development of
social communications are created in Ukraine, and the concept of sustainable development
may be an effective ideological basis.

Thus, it is about the formation of cells in civil society and various forms of associations of
citizens providing the so-called process of "activity from below", and, accordingly, more
effective communication in the system of local authorities — the local community — the local
ecosystem. A positive example is the active creation of civic organizations in Ukraine in recent
years, especially associations of co-owners of multi-apartment residential buildings (ACMRB)
(Table 1). These associations become the primary base for the creation of new collective
management communications and an effective platform for centralization. They are becoming
more interested in the reform of the local municipality (for example, water supply and
wastewater systems, heating and energy saving, efficient use of resources and land
improvement).

Table 1. Dynamics of the formation of associations of co-owners of multi-
apartment buildings (ACMRB) in Boryslav (Ukraine)
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Thus, the very "small", but concrete steps of sustainable management and social
mobilization, which are implemented by individual farms, community-owned multi-apartment
buildings, street committees, and microdistricts, become the primary "seeds" of decentralization
and the implementation of sustainable development.

Strengthening the role of local self-government in the process of administrative-territorial
reform and the implementation of the sustainable development principles will create conditions
for equalizing the qualitative and quantitative indicators of providing public services in local
communities. The administrative and financial autonomy of territorial communities with the
increase of their budget capacity will allow forming the necessary infrastructure and will
increase the ecological standards of living for the inhabitants of the communities. Depending on
the urgency of the needs, it is necessary to form objects of road, educational, medical,
communal infrastructure gradually. At the same time, it is necessary to strive to use as much as
possible the own and attracted funds of communities.

CONCLUSIONS

The concept of sustainable development does not lose its relevance as a strategy for
harmonizing a man and a nature. Sustainable development can become an effective ideological
platform for the development of local communities, reforming the administrative structure and
for the decentralization in Ukraine.

International documents on sustainable development — The Agenda for the 21st Century,
the UNDP Local Agenda, and the European Charter of Local Self-Government emphasize the
importance of local level.

The current legislation of Ukraine in the spheres of local self-government, administrative
reform, national strategy of environmental policy, regulating the basic principles of local self-
government based on sustainable development, creates the best opportunities for the
development of local communities.

An ecosystem approach, as a part of a sustainable development ideology and a strategy for
integrated environmental management that ensures the conservation and sustainable use in a fair
way, should be used as a guideline for the decentralization.

Implementation of the social mobilization tools under decentralization involves the
formation of civil society cells and various forms of citizen associations providing the so-called
"activity from below" process, and, accordingly, a more effective link in the system of local
authorities — the local community — is a local ecosystem.

Strengthening the role of local self-government in the process of administrative-territorial
reform and the implementation of the sustainable development principles will create conditions
for equalizing the qualitative and quantitative indicators of providing public services in local
communities.
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AHOTAIIS

IHTEI'PAIIA 3ACAJL CTAJIOT'O PO3BUTKY Y ITIPOHECH
JELNEHTPAJIIBALII YKPAIHU

VY craTTi po3risfalThes 3acajM CTAJIOTO PO3BUTKY Ta €KOCHUCTEMHOIO IIIXOAY K
1ICOJIOTIYHOT0  MIATPYHTSA JUIsL PO3BUTKY MICIEBOI'O CAaMOBpSAYBaHHS B YMOBax
neunentpanizamii. BececiTHs Kondepenmis OOH 3 nmutaHb HaBKOJIUITHBOTO MPUPOJTHOTO
CepeZIoBHUINA i PO3BUTKY yxBajimma [lekimapallifo Ta BU3HaJa KOHIEMIII0 CTAlIOTO PO3BUTKY
JIOMIHAHTHOIO 1/1€0JIOTi€0 PO3BUTKY rpoman y X XI cTomitri.

PedopmyBanHs  anMmiHiCTpaTMBHOrO  YCTpolo B YKpaiHi, cHnpsMoBaHe Ha
JIeleHTpai3alilo, CTBOPIOE CHPHUATIMBI YMOBH JUIsS BIPOB/DKEHHS Ta 1HTErpaumii 3acan
CTaJIOro PO3BUTKY Ha 0a30BOMY MICIIEBOMY PiBHI OpraHizamii CycHiiabCcTBa.

V craTTi mpoaHanizoBaHi BUMOTH MiXXHapOJHUX JTOKYMEHTIB IIOJI0 CTAJOTO PO3BUTKY
MICIIEBUX TpOMai, SKi aKIEHTYIOTh OCOONMBY yBary Ha MiCII€BOMY CaMOBpSAyBaHHI —
«Ilopsinky memHomy Ha 21 crtopivus», Myninunansuoi Ilporpamum ITPOOH «Micuesuit
nopsgok  jgeHHui» (MIIJ-21), €Bpomelicbkoi XapTii MICIEBOIO CaMOBPSIyBaHHS.
HaBeneHo HOpMaTHBHO-IIPABOBI 3acajy HalliOHAJIBHOTO 3aKOHOJABCTBA YKpaiHu, sKi
PeryIaMeHTYIOTh IHTErpalilo CTaJIOr0 PO3BUTKY i MiCLIEBOTO CaMOBPSIIyBaHHSI.

BusnaueHo CyTHICTH KOHIEMII] €KOCHCTEMHOTO MAXOAY SK CTpaTerii iHTerpoBaHOTO
YIpaBIiHHA IOBKUIISAM y MICHEBHX Tpomazax, mo 3abe3medye 30epexeHHsS Ta CTaie
BUKOPHCTAHHS B CIpaBeIJIMBHI cnioci0. [nes ekocucTeMHOTO MiaXoay 0a3yeTbCs Ha TOMY,
IO [ KOXHOI TepuTOopii XapakTepHa CBOS NPUPOJHA EKOCHUCTeMa 3 OCOOJIHMBOIO
CTPYKTYpOIO Ta (yHKIiOHATLHHUMM MapaMeTpaMu. i apXiTekTypa Ta CKIaji IS KOXKHOI
TEPUTOPil € 0COOIMBUMH 3a KOMIUIEKCOM JIaHAMA(PTHUX, KIIMAaTHYHUX, TPYHTOBUX YMOB,
POCIMHHOTO Ta TBapWHHOTO HaceleHHs. HeBiAMiTbHUM €JIeMEHTOM JIOKAIbHOI €KOCHCTEMH
€ JoAWHa, SK 1 MicmeBa rpomana (cello, MICTO), fKi IMPOXKHUBAIOTH B EKOCHUCTEMI.
Exocucrema sk JOHO TPOXKUBAHHS T'POMAJH, BOJOMIIOUM MOTEHIIAIOM pecypciB, Hamae ii
€KOCUCTEMHI IOCIYrd — TEOJOri4Hi, KJIIMaTWU4Hi, BOAHI, I'PYHTOBI, POCIWHHI, TBapuWHHI
TOIIO. 3alpONOHOBAHO MOHATTS «EKOCHCTEMHHUH MiIXif», «EKOCHCTEMHI IOCIYTH»
3aCTOCOBYBATH SIK KEPiBHI NMPUHLMIIN NPH JAELEHTpali3auii Ta yrnpaBiIiHHI B yKpaiHCHKUX
rpoManax.

Onmcano MeTox coIlianbHOi MOOimi3amii Ta oxapakTepu3oBaHO il poOJb IS
JIereHTpaizamii, yTBOpEeHHsS OCepeIKiB TPOMaasTHCHKOTO CYCHiJIbCTBA, iHTErpaiii 3acaj
CTaJoOro pO3BUTKY. BIpoBaJKeHHS IHCTPYMEHTIB colialbHOI MoOimi3amii B yMoBax
neneHTpaiizauii nmepeanbavyaroTb YTBOPEHHS OCEPENKIB I'POMaASHCHKOIO CYCHUIBCTBA Ta
pizHEX (opM 00 ’eaHAHb IPOMaJsiH, SIKi 3a0€3MEYyIOTh TaK 3BAaHUIl MPOIEC «aKTHBHICTb
3HU3Y», a BINMOBiTHO OUIBII e(DEeKTHBHUN 3B'I30K y CHUCTEMi MiclleBa Blaga — MicIleBa
rpoMaja — JIOKaJbHa eKOCHCTEMA.

ITocwneHHss podi MICHEBOTO CaMOBPSAAYBaHHS Yy TpoIeci aaMiHICTPaTHBHO-
TEPUTOpPiaNbHOT pe)OPMH Ta BIPOBAKEHHS 3acajl CTAJOr0 PO3BUTKY CTBOPUTH YMOBH JUIS
BHUPIBHIOBaHHA SIKICHUX Ta KUIbKICHUX IMOKA3HMKIB HaJaHHs MyOIiUYHUX MOCIYT y MICHEBUX
rpomanax. YmpaBiiHChbka W (iHaHCOBa CaMOCTIHHICTE TEPUTOPIAIBHUX TpOMaJ MpH
3pocTaHHi  iX  OMOKETHOT  CIIPOMOXKHOCTI  JTO3BOJMTH  (HOpPMyBaTH  HEOOXigHY
iIHQpacCTPyKTypy ¥ MiABUIIYBaTHME €KOJOTIYHI CTaHAApPTH MPOXKUBAHHSI MEIIKAHIIIB
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rpoMan. Y 3aleXHOCTI Bil TOCTPOTH MOTped® ciig moetamHo QopMyBaTH 00’ €KTH
JIOPOXKHBOI, OCBITHBOI, MEOUYHOI, KOMYHAJIBHOI iHOPACTPYKTYPH, BHKOPHUCTOBYIOUH IIPH
BOMY SIKOMOTa O1JIbIIIC BIACHUX Ta 3aJyYCHUX KOIITIB rPOMa.
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STUDY OF MEDICINAL PLANTS IN THE FLORA
OF SKOLE DISTRICT

Abstract. The article presents the results of the study of medicinal plants in the flora of
the Skole district. A systematic analysis showed that 92 species of medicinal plants were
identified as 46 families and 5 divisions.

The absolute majority of flora is represented by angiosperms (91.3%). They belong to 2
classes Liliopsida and Magnoliopsida. The leading place in the number of species is
Magnoliopsida. The leading families include Asteraceae 14.1% and Rosaceae 13.0%.

In addition, biomorphological, environmental analyzes and species abundance analysis
were conducted. The largest proportion is plants with abundance Sol (27,1%), Sp (27,1%),
Copl (22,8%).

The biological features of endangered, rare medicinal plants are described. The measures
of conservation, reproduction and increase of the number for the certain types of medicinal
plants are proposed.

Keywords: family, species, flora, medicinal plants, abundance, biomorphs.

INTRODUCTION

The interest of the population in the use of medicinal plants, as well as drugs obtained on
their basis, is because medicinal herbs with the correct dosage are practically non-toxic,
relatively affordable, effective and, in some cases, have no analogues among synthetic ones.

Medicinal plants are a natural source of vitamins and therapeutic biologically active
substances and compounds that are most consistent with the structure of the human body do not
cause negative side effects [12; 17].

In recent years, worldwide, there has been a particular increase in interest in the healing
properties of plants, a significant increase in demand for them. For therapeutic purposes, all
kinds of new species are involved, dozens of new therapeutic preparations of plant origin
appeared.

Most of the medicine is made from wild plants, therefore resource science of wild
medicinal plants becomes of great practical importance. To date, the protection and rational use
of medicinal plants is topical. The main causes of stock reduction are anthropogenic impact,
which is accompanied by a permanent negative impact on vegetation under conditions of
technological progress, intensive use of medicinal plants and violation of harvesting rules.

Rational use and increase of raw material reserves of medicinal plants is possible only
with a deep analysis of the productivity of industrial habitats of species. In this connection,
there is a need for detailed research on ecological biological characteristics of medicinal plants,
the study of their distribution in natural groups, mapping, determination and evaluation of
stocks in the studied region, development of measures aimed at renewal and protection.

In modern conditions, when there is a great anthropogenic and technogenic impact on
natural vegetation groups, it is especially important to study the phytogeosis of forest and
meadow phytocoenoses, because the meadow and forest vegetation today are subjected to
intense influence because of human activity.

Therefore, having studied the flora of this area in detail, we can evaluate the economic
value, the degree of human influence, the possibilities of practical use, the protection of plant
communities, etc.
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MATERIALS AND METHODS

We conducted Flora research during 2016-2017.

The object of research was wild medicinal plants, which grow on the territory of Skole
district.

Field studies were conducted according to the generally accepted technique of floristic
research. As the main method, route diagnostic was used.

The vegetation of all the common types of groups - forest, linden, bush - was investigated,
interconnections of plant objects with biotopes and features of relief were traced. The search for
rare and endangered plant species, especially those that are under protection, was conducted.

Information about the species found was entered in the field diary, which indicated the
places of growth, abundance.

The identification of herbarium specimens was carried out by the "Determiner of higher
plants of Ukraine" [4] and described the families.

The clearness was determined by an approximate method on the Drude scale [3].

In this system, the assessment of the abundance of the species adopted the following
grading:

Soc (socialis) 100-81 % — the plants are merged with its aboveground parts, forming a
background;

Cop3 (copiosae) 60-81 % — plants are very abundant;

Cop2 (copiosae) 40-60% — plants are abundant;

Copl (copiosae) 30-40% — plants are quite abundant;

Sp (sparsae) 10 -30% — plants are rare;

Sol (solitariues) — single plants are found;

Un (unicum) — one plant is found on the square.

RESULTS AND DISCUSSION

As a result of the research carried out on the territory of the Skole district, 92 species of
medicinal plants belonging to 46 families were found.

An absolute majority of medicinal plants flora is represented by corn-plants, which
account for 91.3%. They belong to 2 classes of Liliopsida and Magnoliopsida, which
respectively have 39 families of 84 species, Polypodiophyta and Lycopodiophyta (2.2%),
(1.0%) Equisetophyta and Pinophyta (3.3%) (Table 1) .

Table 1. Systematic analysis of the flora of medicinal plants

Type, class Poanna Bug

abs. g-ty % abs. g-ty %
Equisetophyta 1 2,2 1 1,0
Lycopodiophyta 2 4,3 2 2,2
Polypodiophyta 2 4,3 2 2,2
Pinophyta 2 4,3 3 3,3
Magnoliophyta 39 84,8 84 91,3
Kiac Magnoliopsida 32 69,6 75 81,5
Kiac Liliopsida 7 15,2 9 9,7

On the scale of O. Droude, in the territory of the Skole district, 9 species of wild
medicinal plants are abundantly growing, 10 species are abundant, 21 species are rarely found,
25 species are rare, 25 species are single, and 2 species are enclosed with aboveground parts.
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In Diagram 1, the ratio of the abundance of species on the of O. Droude scale is
presented.
Diagram 1
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The clarity of the wild medicinal plants species of the Skole district

According to the researches results, 40 species of medicinal plants growing on the territory
of the Skole region can be harvested as medicinal raw materials. They include: sambucus nigra
L, betula pendula Roth, polygonum bistorta L., capsella bursa-pastoris L., sorbus aucuparia
L., achillea millefolium L., taraxacum officinale L., hypericum perforatum L., lamium album
L., leucanthemum vulgare Lamb, equisetum arvense L., tanacetum vulgare L., artemisia
absinthium L., prunella vulgaris L., sanguisorba officinalis L., robinia pseudoacacia L., thlaspi
arvense TOIIO.

56 % grow rarely and separately, therefore it is necessary to protect their nature habitats.

For thehplants of the Skole district, medicinal plants belong to 46 families. 15 families,
each of which has two or more species (Diagram 2), form the leading part of the family
spectrum in the number of species.
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The leading part in the family spectrum of wild medicinal plants in the Skole district

46 families, each with one or more species (Table 2), form the total family spectrum in
the number of species.



Table 2. Full family spectrum by number of species
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Place of the family in the spectrum Family Number of species %
1 Rosaceae 12 13,0
2 Betulaceae 1 1,0
3 Amaryllidaceae 2 2,1
4 Asteraceae 13 14,1
5 Scrophulariaceae 3 3,2
6 Apocymnaceae 1 1,0
7 Sambucaceae 1 1,0
8 Polygonaceae 3 3,2
9 Melanthiaceae 1 1,0
10 Fabaceae 5 5,4
11 Ranunculaceae 3 3,2
12 Caryophyllaceae 2 2,1
13 Lamiaceae 3 3,2
14 Primulaceae 1 1,0
15 Liliaceae 1 1,0
16 Boraginaceae 2 2,1
17 Ramnaceae 1 1,0
18 Hypericaceae 1 1,0
19 Apiaceae 2 2,1
20 Brassicaceae 4 4,3
21 Viburnaceae 1 1,0
22 Oxalidaceae 1 1,0
23 Aristolochiaceae 1 1,0
24 Convallariaceae 1 1,0
25 Urticaceae 1 1,0
26 Tiliaceae 1 1,0
27 Trilliaceae 1 1,0
28 Poaceae 1 1,0
29 Pinaceae 2 2,1
30 Plantaginaceae 1 1,0
31 Cupressaceae 1 1,0
32 Equisetaceae 1 1,0
33 Violaceae 1 1,0
34 Papaveraceae 1 1,0
35 Solanaceae 2 2.1
36 Huperziaceae 1 1,0
37 Ophioglossaceae 1 1,0
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38 Fagaceae 1 1,0
39 Orchidaceae 2 2,1
40 Chenohjdiaceae 1 1,0
41 Lythraceae 1 1,0
42 Gentianaceae 1 1,0
43 Lycopodiaceae 1 1,0
44 Rubiaceae 1 1,0
45 Dryopteridaceae 1 1,0
46 Onagraceae 1 1,0

The most numerous are the families Asteraceae 14.1% and Rosaceae; species share of the
medicinal plants flora is 13.0%. Along with them, families of Fabaceae are dominated by 5.4%
(5 species), Brassicaceae 4 species (4.3%), Ranunculaceae, Scrophulariaceae, Polygonaceae and
Lamiaceae include 3 species each (3.2%).

Seven families have 2 species (Apiaceae, Solanaceae, Amaryllidaceae, Orchidaceae,
Pinaceae, Caryophyllaceae, Boraginaceae).

31 families have one species. Among them are Trilliaceae, Sambucaceae, Arosupaceae,
Gentianaceae, Chenohjdiaceae, Ophioglossaceae, Cupressaceae, Urticaceae, Violaceae,
Aristolochiaceae, Viburnaceae, Primulaceae and others.

In the flora of the Skole district, 8 species (8.6%) of ephemera (Leucojum vernum L.,
Stellaria nemorum L., Pulmonaria obscura L., Tussilago farfara L., Corydalis cava L., Allium
ursinum L., Galanthus nivalis L., Primula veris L.) are found.

Over the period of vegetation, 80 species (86.9%) are perennials, 10 species (10.8%) are
annual and 2 species (2.2%) are biennial.

The analysis of the species composition for plants in relation to moisture requirements showed
that by the number of growing species, the representatives of the ecological group of mesophytes
have 63 species, representing 68.4% of the population (dominant species of the species Astrantia
major L., Vinca minor L., Carduus nutans L., Veronica officinalis L., Sorbus aucuparia L.,
Hypericum perforato L., Taraxacum officinale L., etc.). 25 species represent hygrophytes
(Lycopodium annotinum L., Leucojum vernum L., Alnus glutinosa L., Polygonum aviculare L.,
Ranunculus repens L., Coronaria floscuculi L., Mentha aquatica L.) with a share of 27.1%. The
last place in the spectrum of groups in relation to the water are xerophytes and hydrophytes, which
share respectively make up 3.2% (3 species) and 1.0% (1 species) (Diagram 3).

Diagram 3
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Distribution of medicinal plants by environmental groups
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For life forms (Serebryakov's classification), the identified species are distributed as
follows: tree plants — 7 species, which is 7.6%; Shrubs - 10 (10.8%) species and terrestrial herbs
75 (81.5%) species (Diagram 4).

Diagram 4

g tree plants

a shrubs

c terrestrial herbs

Distribution of medicinal plants by life forms

Rare and endangered species of plants in the Skole district include Astrantia major L.,
Leucojum vernum L., Atropa bella-donna L. , Primula veris L., Galanthus nivalis L.,

Huperzia selago L., Botrychium lunaria Sw., Platanthera bifolia L., Dactylorhiza maculata L.,
Scopolia carniolica Jacq., Corydalis cava L., Ta iami.

CONCLUSIONS

As a result of the research carried out on the territory of Skolesky district, we found a growth of
92 species of medicinal plants belonging to 46 families and 5 divisions.
91.3% of their species composition are representatives of Magnoliophyta (84 species). Among
the classes, Magnoliopsida occupies 81.3% (75 species) of the species by species.
The leading families include Asteraceae 14.1%, Rosaceae 13.0%. Families of the Fabaceae are
5.4% and Brassicaceae 4.3%, respectively.
The largest number of species is rare and isolated.
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AHOTANIA

BUBYEHHS JIKAPCHKHUX POCJIUH Y ®JIOPI
CKOJIIBCBKOI'O PAMMOHY

JlikapchKi pOCIIMHY € CKJIaIOBOIO YAaCTHHOIO MPUPOIH 1 BiMIraloTh HaI3BUYAHHO BaXKIUBY
pOJIb SIK Yy TPHPOJI, TaK i B KWUTTI JIOAWHA. [IpoTe, (hiopa JKApChKUX POCIWH HA JaHii
TEPUTOPIi MOPOKY CYTTEBO 3MEHINYETHCS. Lle MosSICHIOEThCST OE3KOHTPOJIBHUM BUKOPHCTAHHSIM
MIPUPOJHUX PECypciB 0araTbOX INIHHMX JIKApChbKUX pociuH. Ili YWHHUKK TIpU3BENH [0
KaracTpo(iyHOTrO 3MEHINCHHS TNPUPOTHUX pecypciB 0Oaratbox BHUAIB (IOPH, PO3BUTKY
TEHJCHLI] 70 CKOPOYEHHS CHPOBMHHOIO apeajy OiIbLIOCTI IIHHMX BUAIB i, SIK HACIIIOK,
nepexij iX 10 po3psiy piAKiCHUX.

BukopucranHs JiKapChbKUX POCIMH Y HapoAaHiH Ta odiuilHiii MeaniuHI Mae 0araToBiKOBY
Tpaguuito. BoHM 31aBHa KOPUCTYIOTBCSI BEJIMKOIO HOIYJSIPHICTIO cepex HacedeHHs. OpHak,
X04Ya LUTIONIl BJIACTMBOCTI JIKApChbKMX POCIMH 3arajlbHOBHU3HAHI, BHBYEHHS MEPCIICKTHUB
paLioHAILHOrO BUKOPHUCTAHHS Ta 3aCTOCYBaHHS iX Y MEIMIMHI HEPiIKO BENETHCS OJHOOOKO.
Tak, y HaykoBO JOCHIAHHMX 3akKiaJax JOCTIDKESHHS (apMaKOTEeparieBTHUHOI IIHHOCTI
JIKAPCHKUX POCIHH CIPSIMOBAHE T'OJIOBHUM YMHOM HA BHUBYCHHS OKPEMHX JIOYHMX PEYOBHH,
CHPOBHHH, TPHU3HAYEHOI JUIA XiMiKO-(papMaleBTHIHOI MPOMHUCIOBOCTI. be3nocepenHpomy x
KOMIUIEKCHOMY JOCII/KEHHIO POCIIHMH MPHUILISETHCS 1l HEJOCTaTHRO yBard. BHACIIIOK 1IbOTO
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HE BHKOPHCTOBYIOTHCS TMPHUPOIHI JIKapChKi 3aco0W, HAI3BHYaHO KOPHCHI NpH 0araTbox
XBOpoOax.

He nmocratHbo BHpimeHOI0 € mpoOiieMa BHUBYCHHS B [BbOMY IUIaHI IHIIMX PETiOHIB,
30KpeMa MEPCICKTHBHUMHU € JOCHI/DKCHHS MPHPOJHUX YMOB Ta POCIUHHHX PECYpCiB
CKOJIBCBKOTO PaliOHy Ta 3’sCyBaTH MOXIIMBOCTI BUKOPUCTAHHS JaHOI TepUTOPIl K 0a3u [yis
30MpaHHs, BUPOLYBaHHs Ta 3aroTiBIIi L[IHHOI JIIKapChKOI CHPOBHHH.

JlikapchbKi POCIIMHHM 3aCTOCOBYIOTh B HAayKOBIM 1 HapoaHiNl MenuuuHi K epeKTUBHMI
NpUPOIHUK, OloioriyHO AiHOBMH 3acid Ui JIiKyBaHHS pI3HUX 3aXBOPIOBaHb, a TaKOX
MiBUINCHHS CTIHKOCTI OpraHiaMy 10 HuX. Jlo JIiKapChKUX POCIMH BiTHOCATH TakKi, IO MICTATh
010JIOTIYHO aKTHBHI PEYOBHHHU Ta BHKOPHCTOBYIOTHCS JUIS 3arOTIiBNI JTIKapChKOi CHPOBHHH.
BractuBoCTi JKapChKUX POCIMH 3YMOBJICHI HASBHICTIO KOMIUIEKCY O10JIOTiYHO-aKTHBHUX
(aykanoiniB, CaroHiHIB, TITIKO3UAIB, PITOHIMIIB, BiTAMIHIB Ta iH.).

Ha Tteputopii CKOMBCBKOTO pailoHy HaMU BHABJICHO 3pOCTaHHA 92 BUAIB JTIKAPCHKUX
POCTHH, sKi HalleXaTh 10 46 poauH Ta 5 BiIIIIB.

AbcomoTHa OiMBIIICTE (IIOPH TPeACTaBIeHa MOKpUTOHACIHHMMHU pocimHaMu (91,3 %).
Hanexate Bonu 10 2 xiaciB Liliopsida i Magnoliopsida. IIpoBigHe Miciie 3a KUTbKICTIO BHIIIB
3aiimae kimac Magnoliopsida.

Jlo npoBimaux poxuH Hanexars Afictposi 14,1%, Pozosi 13,0%. Iopsin nomiHye popwHa
Bobosi 5,4 % Ta Xpecrougiti 4,3 %. HalimeHin uucenbHUMEU € pojuHH: 3BipoOiiiHi, KanuHOBI,
[epBougiri, LinOynesi, bapsinkosi, By3uHOBI.

Y pe3ynbTaTi POBEICHOTO €KOJIOTIYHOTO aHai3y Ha JOCTIPKYBaHil TEPUTOPIi 32 BUMOTAMH JI0
BOJIOTOCTI TIepeBakatoTh Me3odith 63 BumM, Mo cTaHOBUTH 68,4%. 3a xurreBEMH (hopMaMu
riepeBakaroTh Tpasu 75 BB (81,5%).

Ha teputopii CKoiBCBKOTO palioHy IIy’kKe psICHO 3pOCTaioTh 9 BHIIB, psicHO — 10 BUIB, JOCHTH
psacHo — 21 BuA, pifko — 25 BHAIB, 3yCTPIYAIOTHCS MOOAMHOKO 25 BUIIB Ta 2 BUJH, SIKi 3MUKAIOTHCS
HAJ36MHUMH YaCTHHAMH.

UnmMaino BHIIB JIKapChbKUX POCIMH IMOTPEOYIOTH OXOpOHM 1 3aHeceHi 0 UepBOHOI KHUTH
VYkpainu (OUTOLBIT BEeCHSIHUMA, OapaHelb 3BUYAlHU, OelaJoOHHA 3BUYAliHA, TPOHSHKA IMIBMICSIICBA,
MCPBOLBIT BECHSHWIA, JIFOOKA JIBOJMCTA, LMOYNsA BEIMEXkKA, NATBYATOKOPIHHUK IUIIMHCTHI).
[TpoBeneHi poCiiKeHHsT BKa3yIOTh Ha JOLUIBHICTE pOOOTH B HAIPSIMKY 30€peKeHHS, BIATBOPEHHS Ta
30UTBIICHHS KUTHKOCTI TIOMYJISALiHN ACSKHUX BUJIIB JIIKAPCHKUX POCIIUH.

Bynp-sike BTpy4aHHs y NPHUPOAHI €KOCHUCTEMH IPU3BOAUTH JIO BTpAaTH OIOPI3HOMAHITTS, JIO
3MEHIICHHS KUTHKOCTI aOOpHreHHMX BHAIB. SIK HACTIZOK, IOPYIIYETHCS NMPHPOIHA piBHOBara it
CTpyKTypa yrpynoBanb.  IIpomoHyeMo Taki 3axOIW IOAO OXOPOHM BHIB JIKAPCHKUX POCIHH, &
came: OpTraHi30BYBAaTH MIJCIB JIKAPCHKUX POCIMH Ha JIyKaX, BUTOHAX, Oajikax; Uil 30epeKeHHS
3ar1aciB JIKApCHKHUX POCIIFH y IPAPOIHIX OI0TOMAX, CITii pEKOMEHIYBATH iX 10 BBEICHHS y KYJIBTYDY,
HAIPUKIIAJ, Ha TIPHIIKUTEHUX JUTTHKAX; BUSBIITH IIHHI POCIIMHY Ta BKITFOUATH iX JI0 3aMOBITHHX.
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THE FOUNDING OF THE FRANCISCAN GARDENS IN THE DESIGN
OF THE CONVENT GARDENS

Abstract. During designing the gardens of the monastery creator should delve into the
historical assumptions. Depending on the rules of the order number of the referenced green is
varied. Franciscan garden were limited to patio and a small garden. Because this was the rule of
the order- give up to material goods. For this reason, the monasteries were located in the cities,
for small surfaces. Kalwaria Pactawska is located in a place with very good natural conditions:
clean air, soil, water. The local forests are a sanctuary for many species of plants and animals.
This area is covered by multiple forms of protection, in order to save valuable communities.

St. Francis-maintainer of the order — he was the patron of ecologists. According to this
design are increasingly "meadows flower of St. Francis". These are the communities to protect
biodiversity, in every sense of the word. In Kalwaria Pactawska pedestal at the St. Francis was
established flower bed inspired by his adoring pointing in the direction of nature.

Keyword: St. Francis, wirydarz, biodiversity, meadow flower, Kalwaria Paclawska,
lawenda waskolistna, Lavandula angustifolia, Echinacea purpurea, rudbekia, Rudbeckia.

INTRODUCTION

An integral part of the founding of the monastery were distinct forms. Depending on the
rules of the order differed among themselves. Common elements that you can specify are patio
and gardens. [15] Contemporary surroundings monasteries takes new forms, classic elements
are often replaced by new. Kalwaria Pactawska is since many years the Franciscans. According
to its Patron-Saint. Francis-special attention on taking care of nature. The natural conditions of
the region are conducive to this activity. The purity of the water, air and soil are biodiversity of
flora and fauna.

METHODS

The article used available literature, articles, the regulation of the Minister of environment
of 9 October 2014 year on the protection of species of plants. Used also with materials available
on the websites. The test results are based on several months of observations and tests. Uses
own photography.

RESULTS

In November 1979 the year of St. Francis announced by Pope John Paul II, the patron of
ecologists. This was due to his unusual praise works of God, the beauty of nature. In the
iconography of the very often depicted in the company of animals: wolves, birds-of his friends.
Was the book "The flowers of St. Francis". This is a gun created probably in the 13th century.
Since there are many translations for different languages, some of the texts have been enriched
with new content. It contains a number of short stories depicting scenes from the life of a Saint.
Find in them we can texts providing its relation to nature. [10] we can perceive the emotional
approach to animals: “birds, brethren mine, be very grateful to God, the creator, his "[17] Pope
took the attitude of protection of defenseless creatures. Francis worthy follow despite the
passage of many years, often Called "the first environmentalist" [3]
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Patron of the Franciscan-St. Francis of Assisi-lived at the turn of the 12th and 13th
centuries. He came from a wealthy merchant family. As a young man he took part in the war,
which events gave beginning to its getting closer to God. Had a vision in which he was
commissioned to rebuild the Church. In order to raise financial resources seemed like a family-
run property. As a result of these events fell into conflict with her father and eventually decided
to start life the emperor. His activity led, inter alia, in the leper colony, which in places of
isolation people with leprosy from the rest of society. Adopted a very modest dress-Brown
tunic, resigned from the wearable footwear. Created a rule of religious life, which was approved
by the Pope, and along with fellow focused around him began to build order. [13]

Originally Franciscans lived in or near cities. By selecting the locations searched for
places to life in peace, poverty and silence. Renounced material possessions, they had life
beggars Franciscan gardens were small, their size was limited by the fabric of the city. On these
small areas of cultivated plants for the purposes of their own. [12] the main point in the
assumptions of the monastery was surrounded by a Franciscan cloister. Depending on the
amount of space in front of the monastery was a small garden, which he served as decorative —
usable [11].

Kalwaria Pactawska is a small town located in the municipality of Fredropol on top of a
hill (465 m), 24 km from Przemysl. In this small village, situated on the sidelines, in the hills
and forests, is one of the most famous Marian shrines in Poland. [5] the rise of Kalwaria
Pactawska dates back to the year 1665. Its founder and founder was Andrzej Maksymilian
Fredro, Boncza coat of arms. Local legend holds that the impetus for its creation was an event
in the life of Fredro. In the course of hunting got lost in the forest. Seeking the way huntsmen at
some point released a deer with a burning cross between the horns. This event triggered the
thought about the construction of the Church of the monastery in place. [1] During the
construction of the Calvary equally works consisting in the creation of the fortifications. It had
to strengthen the gate Przemysl and be one of a series of fortresses on the river Wiar. The
Church and monastery are surrounded by fortress, and from its outer side dug a moat. The order
of Friars Minor Conventual was a sanctuary for the Poles-Christians in a society in which
dominated the population of Greek Catholics. The aim of the Convention outside the religious
worship was to protect local people against the Cossacks and the Tatars. In 1688 the year
Andrzej Maksymilian Fredro brought to Calvary of the Franciscans, who to this day have the
care of the monastery. [7]

Nature in Kalwaria Pactawska and the area is characterized by the presence of many
valuable species of plants and animals, natural landscape, the ossidiana hotel offers its guests
the soil and air. For these reasons, cited in the June 2001 year reserve Kalwaria Pactawska area
of 173.1800 ha. It is a nature reserve. Was created to keep the forest and elements of the
cultural landscape for educational purposes and research. [18] The monastery Buildings are part
of the surrounding landscape, giving a sense of calm and relaxation. The location of the
Kalwaria Pactawska attracts not only pilgrims, but also to spend time in nature. Beautiful
apartments invites you to hiking, meditations, and enjoy the nature changing over the next
seasons.

The founding of the garden in Kalwaria Pactawska deviates from the original assumptions
of Franciscan Monasteries located in towns and small size. Because of the locations away from
the city, in a place with low density construction features a large, open space.

An integral part of each assumption monastery was a close-up. It was surrounded by a
cloister. In the center of it was well, a fountain, a sculpture or a tree. Was a place for
contemplation. Hotel was on the set of a rectangle or a square. Criss was perpendicular paths,
divide it into four quarters. Quarters were filled with flowers, small shrubs and herbs. Plant not
used random-was dominated by species, which assigned was the symbolism of the Christian [7]

Contemporary picture of wirydarz in Kalwaria Pactawska is not like the implementation
shown in the textbooks on the history of gardens. The classic layout, the layout remained on
the square, surrounded on four sides of the high walls. Garden Centre creates a diameter of 4 m
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is a place where stone paths converge. This area is not landscaped, during the summer there are
issued decorative flower pots with flowers. In the middle of the square there is a concrete plate,
which covers well, which was aligned with the surface of the ground. The path was laid out
from the local raw material which is the broken gap between sandstone rocks full of grass,
natural look, is not very practical because of the difficulty to care for. The path has no curbs.
The lawn is heavily, mowed down low. The species composition creates primarily Festuca
rubra rubra, Festuca rubra commutate, Festuca rubra, Lolium perenne, Poa pratensis. The
whole thing is much neglected, negligence is visible.

e

Fi 1. View on

3 - 2 X e
a wirydarz, photo by T.Markowicz

The surroundings of the monastery buildings and is surrounded by vegetation. Area in
front of the sanctuary of the park, which is home to many of the old trees. At the moment, many
of them due to its age is starting to decline. This forces to work to supplement the stand in order
to preserve the values of the Park. Out of many species growing Acer, Aesculus hippocastanum,
Fraxinus excelsior and Quercus.

Fig 2. the park in front of the Church, photo by T.Markowicz

According to the idea of the patron saint of the order on the conservation of biodiversity
assume the flower bed with perennials referring to the meadows flower fairy's. Francis.
Biodiversity can be defined as "a wealth of life forms on Earth, the variety of species, the
genetic variability of intraspecific, as well as the variety composition of natural systems. of
ecosystems and landscapes. Diversity is a feature of nature, resulting from the diversity of life
forms and layouts, in which occur, ecological functions, which serve and genetic variation,
which in themselves contain. The shortest definition defines biodiversity as the variability of
life forms at all levels of biological organisation or generally genes, species and ecosystems
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found in the region. [16] In nearby forests, many species of animals that do not exist
anywhere else. A significant impact on this is the fact that the land Of 1,000 is characterized by
the fact that has one of the larger numbers of sunny days in a year. The surrounding agricultural
fields, fruit bushes and trees are a source of food for many species, and scrub and forests are a
sanctuary for them. Kalwaria Pactawska is an ideal place for bird watchers. It has been
observed here about 70 bird species. The most interesting is the Strix uralensis, not in any other
area of Polish. Is a bird Carnivore, which comes from the Scandinavian Peninsula and the cold
regions of Asia. In addition, you can meet here the Ciconia record, Dryocopus martinus,
Pernis apivirus, Bubo Bubo, Aquila pomarina and dozens of other interesting bird species.
Outside the birds can be found here a whole range of different species of animals ranging from
insects, amphibians, reptiles and mammals. Sometimes appear from the Bieszczady Mountains:
Lynx Lynx and Canis lapus. Constantly forests are inhabited by Meles meles, Mustela erminea,
Cervus elephus, Caproelus caproelus, Vulpes Vulpes, Sus, Erinaceus europaeus, Sciurus
vulgaris and a variety of other species. [19]

Created flower bed, which was called the " Flower bed of biodiversity ". Its theme was
the creation of the artwork, which will attract the eye from early spring until late autumn. In
addition, its task is to lure butterflies and insects-friends. Francis. In the summer of 2015 year
erected a small chapel. Francis is the patron saint of ecologists. She stands on stand King 24
sandstone. The same material were used to complete the surface. Around him were two wooden
benches and lighting were installed.

Fig 3. The statue of St. Francis in Kalwaria Pactawska, photo by A. Bladzinska

Rabat established in Kalwaria Pactawska, differs from a typical flower meadow, which is
sown with a mixture of grass seeds and flowering perennials. [20] Due to the representative
character of the place, a rebate has been created with proper care and will look attractive
throughout the growing season and some species also in the winter. In the project used a wide
range of plants: bulbs, ornamental grasses, perennials and shrubs. Wavy lines and loose groups
of plants dominate. Planting is devoid of geometric shapes, but it does not deprive the rebates of
aesthetic values.

To create this rabat following onion plants were used: crocuses (Crocus), tulips (Tulipa),
narcissi (Narcissus), snowdrop sprig (Galanthus nivalis), hyacinths (Hyacinthus), which will be
the first flowering plants in spring. A wide range of perennials were used, blossoming at
different dates. Among others: Rudbeckia, different varieties of coneflower (Echinacea),
daylilies (Hemerocallis), lilies (Lilium), ornamental garlic (Allium aflatunense), periwinkle
(Vinca), thyme (Thymus), narrow-leaved lavender (Lavandula angustifolia), rose (Rosa) and
many more. The whole was padded with bark from conifers.
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Fig.4 ""Flower bed of biodiversity' in the process of starting, photo by A. Bladzinska,
A. Tekiela

I

Fig. 5 “Flower bed of biodiversity'' after the assumption, photo by A. Tekiela

Many of the applied plant has a symbolic meaning. Assigning vegetation meanings is known
for centuries. Very strongly this phenomenon is noticeable in the Christian culture. Plenty of species
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associated with the cult of the mother of God is closely or Jesus Christ. In the project discounts not
forgotten such plants. Here there are lilies — the symbol of innocence, purity, rose-the martyrdom of
Christ, hyacinth-longing for heaven, Christian prudence, peace of conscience [14].

In creating the discount in accordance with the principle of biodiversity should be paid
attention to the presence of insects. Is the use of melliferous plants and lure. In the area of
Kalwaria Pactawska commonly occurs a large number of species of insects, which have an
impact on many biological processes taking place in the soil and the proper functioning of the
entire environment. These include natural Bombus terrestris, Formica rufa, Melolontha
Melolontha, Apis mellifera. An interesting species that can be seen is the Papilio machaon, is
the largest butterfly. [4]. Currently it is observed the process of extinction of many species of
butterflies. This is due to the intensely carried out cultivation of agricultural, forestry
monocultures, especially conifers. Traditionally found in the agricultural landscape balks and
buffer strip is used for crops. In this way, destroyed habitats are life, maintenance of many
species of insects, birds, mammals. Increase in mineral fertilizing fields, and use of plant
protection products, the growth of cities and industrial zones has a negative effect on the
abundance of butterflies. [2] the areas of Kalwaria Pactawska constitute an enclave in which
can be saved from extinction. In order to "call" butterflies for rabate uses plants lure. These
include Lavandula angustifolia, Echinacea purpurea, Rudbeckia.

Lavandula angustifolia is small shrubs known since the middle ages. She performed in
patio which is the classic assumptions herbaceous perennial plant. Is a plant originating from
the Mediterranean countries. Withstand climatic conditions Polish if it is in a place sheltered
from the wind, the colder the winter requires. It owes its popularity to the intense scent, even
after cutting and drying flowers. Sometimes referred to as well as lavender "medical advice", as
it can be used in herbalism. It has a positive impact on the work of the digestive system, has an
antispasmodic and sedative. Reaches a height of approximately. 50-60 cm. Blooms in June and
July, after felling dried inflorescences repeat flowering. It is recommended that regular cut, in
order to ensure a rich, flowering. [6]

Fig 6. Lavandula angustifolia, photo by A. Bladzinska

Echinacea is native to North America. In this kind comes a lot of varieties varying in
height, colour of flowers. It is a plant with very decorative, large petals. It has stiff stems,
therefore, despite achieving up to 1.5 meter does not fall over. They are characterized by high
resistance to disease and pests. Apply discounts on the nature of the naturalistic, rural gardens.
In addition to ornamental planting may her prickly head can be used in floristics in the
compositions. It has medicinal properties, can be used to enhance immunity, support the
treatment of wounds, burns and infections of the upper respiratory tract [8].
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Rudbeckia as Echinacea come from North America. They are not demanding plants, grow
well on a sunny, prefer damp soil. It composes very well with Echinacea due to the same type
of inflorescence-basket (both are derived from plant-Asteraceae). They have yellow flowers,
which are characterized by long service life [9].

Fig 7. Rudbeckia on the flower bed of biodiversity, photo by T.Markowicz

CONCLUSIONS

When designing a modern gardens the monastic grammar you should delve into the stories
of the order and in the traditional evolution of green. Over the years, such assumptions are
subject to change in and out of the rigid adherence to the rules of prior centuries. Originally a
Franciscan convents were located in cities, have a limited amount of space. The order of the
Franciscans in Calvary is located in an open space, on the ground with a low index of buildings
away from the hustle and bustle of the city. There are conditions conducive to the protection of
many species. According to the patron saint of ecology-St. Francis. In its project uses plants
lure insects, especially butterflies and symbolic.

10.
11.
12.
13.
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STRESZCZENIE

ZALOZENIA OGRODOW FRANCISZKANSKICH
W PROJEKTOWANIU OGRODOW PRZYKLASZTORNYCH

Projektujagc ogrody przyklasztorne nalezy zaglebi¢ si¢ w historyczne zaloZenia.
W zalezno$ci od reguty zakonu ilo$¢ wystepujacej zieleni jest zréznicowana. Bardzo czgsto
franciszkanskie ogrody ograniczone byly do wirydarza iniewielkiego ogrodu uzytkowego.
Spowodowane byto to reguta zakonu — wyrzekaniem si¢ dobr materialnych. Z tego powodu
klasztory lokalizowane byly w poblizu miast, zazwyczaj na niewielkich powierzchniach.
Kalwaria Pactawska polozona jest w miejscu posiadajacym bardzo dobre warunki naturalne:
czyste powietrze, gleba, wody. Tutejsze lasy stanowig ostoj¢ dla wielu gatunkéw rolin i
zwierzat. Teren ten objety jest wieloma formami ochrony, w celu ocalenia cennych zbiorowisk.
Przepigkne potoniny zachecaja do pieszych wedréwek, rozmys$lan ipodziwiania przyrody
zmieniajacej si¢ wraz z uptywem kolejnych pér roku.

Nieodlgcznym elementem klasztoru Franciszkandéw byt wirydarz. Mial on by¢ miejscem
do kontemplacji i lacznoéci z Bogiem dla zakonnikéw. Polozony byl zawsze na planie
kwadratu lub prostopadioscianu, za$ cztery kwatery wypetnione byty ozdobnymi ro§linami oraz
ziotami. Istniejacy wirydarz w Kalwarii Pactawskiej nie pelni juz pierwotnych funkcji.
Roslinno$¢ ograniczona zostata do trawnika, niekiedy ozdobionego kwiatami jednorocznymi w
donicach, umiejscowionych w centralnym miejscu wnetrza.

Swiety Franciszek — opiekun zakonu — powotany zostat patronem ekologéw. W mysl tg
projektowane sg coraz czgsciej ,Jlaki kwietne §wietego Franciszka”. Sg to zbiorowiska majace
chroni¢ bioréznorodno$¢, w kazdym tego slowa znaczeniu. W Kalwarii Pactawskiej przy
postumencie $wigtego Franciszka powstata rabata, inspirowana Jego uwielbieniem, skierowanym w
kierunku natury. Ze wzgledu na reprezentacyjny charakter miejsca, zastosowano ozdobne rosliny,
m.in.: krokusy (Crocus), tulipany (Tulipa), narcyzy (Narcissus), $niezyczke przebisnieg (Galanthus
nivalis), hiacynty (Hyacinthus), rudbekie (Rudbeckia), rtézne odmiany jezo6wki (Echinacea), liliowce
(Hemerocallis), lilie (Lilium), czosnek ozdobny (Allium aflatunense), barwinek (Vinca), macierzanke
(Thymus), lawende waskolistng (Lavandula angustifolia), 16z¢ (Rosa). Uzyto szerokiej gamy traw
oraz roSlin kwitngcych w réznych terminach, we wszystkich porach roku. Zastosowano roSliny
cebulowe, ktére beda zdobié rabate od samej wiosny, kolejno zakwita¢ beda poszczegélne byliny, az
do pdznej jesieni. Rabata dekoracyjna bedzie takze zima, gdyz zdobi¢ beda ja przekwitte
kwiatostany niektorych gatunkéw oraz trawy, ktére atrakcyjnie wyglada¢ beda oszronione mrozem
Iub obsypane $niegiem. Na uwage zastuguja oczary wirginijskie (Hamamelis virginiana), cieszace
z6ttymi, pomaranczowymi i czerwonymi kwiatami na przetomie zimy i wiosny. W projekcie rabaty
uwzgledniono ro$liny przywabiajace motyle (lawenda, rudbekia, jezowka) oraz gatunki
symboliczne, $cisle zwiazane z charakterem miejsca. Uzyto ro$lin niewysokich, aby nie przestaniaty
one pomnika $wigtego Franciszka.
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QUALITY ANALYSIS OF WATER SUPPLY SOURCES BY HYGIENIC
INDICES USING AN EXAMPLE OF THE SPECIALIZED REGIONS IN
THE LVIV REGION

Abstract. The article highlights the research results for the hygienic indices of water quality
from various water supply sources in Drohobych, Sambir and Stryy districts of the Lviv region. The
samples of water from the sources of centralized water supply in the cities Drohobych, Stryy,
Sambir, Boryslav, Rudky were analyzed, and water was found to meet hygienic requirements. The
analysis of the results shows that the anthropogenic environment in the cities has a negative impact
on the quality of groundwater in the cities Drohobych and Stryy, and samples of water bodies do not
meet the requirements by the microbial count and the coli index. In the cities Boryslav and Sambir,
well water meets the standards for both hygienic indices. The research results confirmed that
individual wells are the most problematic type of water supply in the countryside. In the villages
Stupnytsia, Urizh, Brezhnytsia, Nezhukhiv, samples of the well water exceed the established the
norms for drinking water in two indices (1.1 — 9.28 times, coli-index — 110 times). In the villages of
Baranivtsi and Dolishnie, well water meets the standards for two hygienic indices.

Keywords: water quality, hygienic indexes, centralized water supply, well, Lviv region.

INTRODUCTION

According to the World Health Organization (WHO), 80% of all diseases in the world are
associated with poor drinking water quality and violations of hygienic and environmental standards
for water supply [11-19]. Providing the population with quality drinking water is one of the main
problems of humanity. This problem becomes more and more complicated every year, being more
dangerous. More than a billion people use low-quality water. Because of this, three and a half million
children die every year. Most Ukrainians consume water from surface sources - lakes, ponds, and
rivers. About 30 million people consume water from the Dnipro River [1, 2, 8].

The decreasing of drinking water quality causes an increase in the disease incidence rate
of the population from the use of low-quality water, which leads to a decrease in the capacity
for work, a reduction in the life expectancy, and leads to material and financial losses in the
state. Drinking water that does not meet hygienic and hygienic requirements, is the threat of
massive diseases of the population, exacerbates the social situation. The incidence of cancer and
atherosclerosis in the population are constantly increasing and there is a significant amount of
contaminated water [7].

About 60% of the tested drinking water samples from the water supply line in all regions of
Ukraine do not meet the safety requirements for human health [3, 4, 10]. Today, there is no state
system for monitoring the groundwater quality due to the termination of the hygienic-
epidemiological stations. According to the data obtained by hygienic-epidemic station in previous
years in the Lviv region, about one thousand water samples from public wells and about 30% of
investigated samples showed an increased level of bacterial contamination and up to 10% did not
meet the requirements for physical and chemical indices. Last year, the share of drinking water
samples that did not meet the hygienic norms for hygienic-chemical indices, which significantly
exceeds the country's average indices — 12,9%, and in the Lviv region — 0,9%. Therefore, the
analysis of the water quality by hygienic indices for different sources of water supply in selected
regions of Lviv region is very relevant.
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The purpose of the work is to analyze the quality of water supply sources according to
hygienic indices, for example, in certain regions of Lviv oblast.

RESEARCH METHODS FOR ANALYSING WATER QUALITY

According to the new standard DSanPiN 2.2.4-171-10, the quality of drinking water is
estimated by the hygienic indices: the TBC and the coli index.

Determination of the microbial count in tap water. 1 ml of the test sample of water is
added with a sterile pipette in each of 3 sterile Petri dishes. In each dish, pour 15 ml of molten
and cooled to 45 °C MPA. Its contents is mixed cautiously, with slight circular movements in a
closed cup. Dishes are left horizontally until the agar is sealed, and then put in the thermostat
for 24 hours at 37 °C [9].

Determination of the coli index in water by the fermentation method. 100 ml of water
are added with sterile Mori pipette in 3 flasks with 10 ml Aikman's concentrated medium. Then
10 ml of water are added to 3 test tubes with 1 ml of Aikman's concentrated medium, and 1 ml
of water is added with 10 ml of pipette in 3 other test tubes with 10 ml of diluted media.
Seeding are grown in a thermostat at 37 ° C for one day [9].

Studies were conducted in accordance with generally accepted bacteriological methods
(requirements of the DSP, GOST) [5,6].

The object of the study was water from certain settlements in Drohobych, Sambir and
Stryy districts (scheme 1).

Scheme 1

Investigated sources of water supply | Depth, m

Drohobych district

Drohobych (central water supply) -

Boryslav (central water supply)

Drohobych (well water) 8
Boryslav (well water) 12
Stupnytsia (well water) 5
Urizhx (well water) 15
Novyy Kropyvnyk (well water) 5

Sambir district

Sambir (central water supply) -

Rudky (central water supply) -

Sambir (well water) 10

Rudky (well water) 20

Baranivtsi (well water) 12

Side (well water) 10

Berezhnytsia (well water) 5
Stryy district

Stryy (central water supply) -

Stryy (well water) -

Nezhukhiv (well water) 11
Dolisnie (well water) 15
Stankiv (well water) 14

The study of hygienic indices was carried out in October-November 2017. All investigated
wells have cladding made of concrete rings, and the depth of the wells ranges from 5 to 20 m.
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RESEARCH RESULTS

Analysis of the quality for the water from the sources of urban centralized water
supply. Scientists and practitioners investigate the problem of providing people with quality
drinking. Centralized water supply of cities, villages and industrial enterprises is a multipart
complex of technical and economic and hygienic measures, and rational problem solving
determines the level of hygienic arrangements in settlements, provides normal living conditions,
guarantees the constant work of industry. The water quality of local water supply sources is
regulated by the hygienic norms of Ukraine DSanPiN 2.2.4-171-10 for drinking water.

The main source of water in the cities of Lviv region is centralized water supply.
Therefore, the first stage of our work was the analysis of samples of centralized water in the
cities Drohobych, Stryy, Sambir, Boryslav, Rudky for hygienic indices. The monitoring data
was entered in the table.

Table Hygienic indices of investigated waters

Study area TBC Coli index
Drohobych 6 0
Boryslav 8 0
Stryy 11 0
Sambir 13 0
Rudky 7 0

The water coming from the reservoirs to the central water supply system is pre-treated at
the water supply stations, because of which its quality is brought in line with the requirements
of DSanPiN 2.2.4-171-10 [6].

The investigated samples meet the regulatory requirements for drinking water (DGSU).
This result was foreseen because water from urban water supply system is constantly
undergoing centralized chlorination treatment.

Analysis of the quality for the well water in urban areas. In the cities of Western
Ukraine in general, and in the Lviv region in particular, the use of private wells is widespread
along with centralized water supply. During October-November 2017, we examined the
hygienic indices well water in the cities Drohobych, Stryy, Sambir, Borislav, Rudky for
hygienic indices. Monitoring data are shown in Diagrams 1-2.

Diagram 1 TBC for well waters from the studied cities
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The results of the analysis indicate that the total bacterial count (TBC) of the analysed
waters varies within the range of 4-720 CFUs. Normative documents limit the number of CFU
in drinking water as not exceeding 100 CFUs.

As it can be seen from Diagram 1, samples of well water from the cities Sambir, Rudky
and Boryslav meet these requirements. According to the environmental passport of the Lviv
region, a significant excess of hygienic indices due to the spring flood was recorded in 2016 in
the Sambir district. A complex of methods for cleaning drinking water was implemented.
According to the results in Sambir and Rudky, they have had a positive effect.

Diagram 2 Coli-index for well waters from the studied cities
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Well waters from the cities Stryy and Drohobych do not comply the norms by TBC,
obviously this is due to significant anthropogenic pressure in the cities.

As it can be seen from Diagram 2, the coli-index exceeds the norm (no more than 10
CFUs) in the cities Drohobych, Stryy and Rudky in 2.8-11.0 times. Excess of this indicator in
drinking water can cause a number of diseases in the population and is probably due to irregular
cleaning of wells and pumping systems.

Analysis of the groundwater quality in rural settlements. The rural population acutely
faces the problem of providing high-quality drinking water, as the main source of water supply
remains wells and surface water, which consumption is associated with technogenic and
agricultural loads on water resources.

During October-November 2017, the hygienic indices of the well waters in the villages of
the Drohobych, Stryy and Sambir districts were analyzed by the hygienic indexes. Monitoring
data are shown in Diagrams 3-4.

Diagram 3 TBC for well waters from the studied villages
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As it can be seen from Diagram 3, in the studied settlements of Drohobych district, the
TBC norm is exceeded in the well waters in the villages Stupnytsia and Urizh by 8.05 — 9.28
times. In the Sambir district, the TBC exceeds the norm in the villages Side and Berezhnytsia
by 1.1 — 2.08 times. In the Stryy district, the TBC exceeds the norm by 2.64 times in the village
Nezhukhiv. This is probably due to the location of the village on the Drohobych-Stryy highway
and considerable anthropogenic pressure. In the villages Dolishnie and Stankiv, waters meet the
requirements; this is due to the considerable distance of these villages from large cities and
highways.

Diagram 4 Coli-index for well waters from the studied villages
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As can be seen from the Diagram 4, the coli-index of the studied waters varies within 3 -
1100 CFUs. It should be noted that the coli-index exceeds the norm in all villages of Drohobych
district, as well as in the village Berezhnytsia (Sambir district) and in the village Nezhukhiv
(Stryy district).

One of the main causes for contamination of the well water by E. coli is unsatisfactory
hygienic and technical condition of the wells (the absence or damage of boards, roofs, covers,
buckets), a close location at a distance less than 20 meters to the sources of pollution, as well as
not conducting repair for more than one year, cleaning and decontamination of wells, as
provided by the hygienic rules. In addition, some wells are shallow, rarely cleaned and located
near commercial buildings.

Stryy district

CONCLUSIONS

1. During October-November 2017, research was conducted on the quality of water from
different sources of water supply in the Drohobych, Sambir and Stryy districts of the
Lviv region based on hygienic indices.

2. Water from the sources of centralized water supply in the cities Drohobych, Stryy,
Sambir, Boryslav, Rudky meets the requirements by the microbial count in 1 cm® and
by the coli index.

3. The analysis of the results shows that the anthropogenic environment of the cities has a
negative impact on the quality of the well waters in the cities Drohobych and Stryy,
and samples of the waters do not meet the requirements by the microbial count in 1
cm’ and by the coli index. In the cities Boryslav and Sambir, well water meets the
standards for both hygienic indices.
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The research results confirmed that the most problematic type of water supply in the
countryside is the individual wells. In the villages Stupnytsia, Urizh, Berezhnytsia,
Nezhukhiv, samples of the water from the wells exceed the established norms for
drinking water by two indices (1.1 — 9.28 times, in the coli-index — 110 times). In the
villages Baranivtsi and Dolishnie, well water meets the standards for both hygienic
indices.
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AHOTAIIS

AHAJII3 AKOCTI JZKEPEJI BOAOIIOCTAYAHHSA HA ITPUKJIAAI
OKPEMHX PAMOHIB JIbBIBCbKOI OBJIACTI 3A I'TIEHIYHUMHU
ITOKAZHUKAMU

IToripmieHHsT SKOCTI THWTHOT BOMW BHUKJIMKAE IMIIBUIICHHS PIiBHA 3aXBOPIOBAHOCTI
HaCEJICHHS BiJl BXMBAHHS HESKICHOI BOJIHU, IO BEJIE /10 3HIDKEHHS MMPANe3JaTHOCTi, CKOPOUCHHS
TPUBAJIOCTI JKUTTS, & TAKOXK TPU3BOJUTH O MaTepiadbHUX Ta (DIHAHCOBUX BTpAT y JEpPIKaBi.
ITuTHa BoMa, siKa HE BiAMOBiIa€ CaHITAPHO-TITIEHIYHUM BUMOTaM, Hece B c00i 3arpo3y MacoBUX
3aXBOPIOBaHb HACEJICHHS, 3arOCTPIOE COIiaJIbHY CUTYaIlif0. 3aXBOPIOBAHOCTI HACEJICHHS HA pak
1 aTepoCKIIepo3 HEBIMMHHO 3POCTAIOTh 1 B TOMY € 3Ha4Ha BHWHA 3a0pyaHeHoi Boau. bimsbpko 60
% mociJUKEHUX MPOO MHUTHOT BOJM 3 BOAOTOHY IIO BCIX perioHax YKpaiHM HE BiJNIOBiNAOTh
BUMoOTaM Oe3meKu Uit 310poB’s jroneii. ChOro/IHI BICYTHSI IepKaBHA CUCTEMa KOHTPOJIO 32
SIKICTEO KpUHHYHHX BOJ, Y 3B’ S3KY 3 MPUITUHECHHSAM pOOOTH CaHEIIIeMCTAHIIII.

3a jmaHuMU caHemnigeMcTaHLii y nonepenHi poku B JIbBiBCbKil 00acTi OIM3BKO THCAYI
mpo0d BOAM 3 TPOMAICHKUX KpUHHIE 1 Onu3bko 30% mocimipkeHHX mpod MoKa3yBaju
Ii/IBUILEHUH piBeHb OakTepiajgbHOro 3a0pynHeHHs Ta 10 10% — He BiAMoOBinalM BHUMOTaM 3a
(hi3UKO-XIMIYHIMH TIOKa3HUKaMH. MUHYJIOTO POKY TMHTOMa Bara Mpo0 NMHUTHOI BOJAH, IO HE
BINMOBIAIM CaHITAPHUMHM HOpMaM 3a CaHITapPHO-XIMIYHUMHU IMOKa3HUKAMH, IO 3HAYHO
MIEPEBUIIYE CEpelHi MOKa3HUKHU 1Mo kpaini — 12,9%, a y JIsBiBchKilt obmacti — 0,9%. Tomy
aHaJIi3 SAKOCTI TIri€HIYHUX TTOKa3HUKIB BOJ[ 3 PI3HUX JDKEPE BOJONIOCTAYaHH OKpEMUX paloHiB
JIbBIBCHKOT O0JIACTI € Ty’Ke aKTyaJIbHUM.

Mertoro poOOTH € aHaJi3 SKOCTI JHKEPEN BOAOMOCTaYaHHS 3a TIFiEHIYHUMU ITOKa3HUKAMHU
Ha IIPUKIJIaJl OKpeMHX paiioHiB JIbBIBCbKOT 00macTi.

3rigao HoBoro cranaapty JCanlliH 2.2.4-171-10, sKicTh MHTHUX BOJ OIIHIOKOTH 3a
ririeHivHUME  mokazHukamu: 3MY 1 komi-ingekcoMm. JIOCHiIKEHHS MPOBOIWINCH 3TiTHO
3arajbHO NPUHHATHX Oakrepionoriyaux Meronuk (Bumor JICII, TOCT).

O06’exToM JociipkeHHs1 Oyina Boja 3 OKPEeMHX HACEJIEHUX IyHKTIB Jlporoouipkoro,
Cambipcrkoro i Ctpuiicbkoro paioHiB. JoCHimKyIO9H Tiri€eHIYHUX IMOKA3HWKIB TPOBOJIMIHN Y
koBTHI-mUcTonani 2017 p. Yci mocmipkyBaHi KpUHHIN MarloTh OOJIMIIOBaHHS 3 OETOHHUX
KiJlelb, a rMOrHa KPUHUITh KOJUBAETHCS Bia 5 1o 20 M.

BcranoBneno, mio Boxa 3 JpKepeN IICHTPATI30BAHOTO BOJOBIABEACHHA Yy MicTax
Jporobuu, Crpmii, Cambip, bopucnas, Pyaku BinmoBizae BuUMOraM 3a KUIBKICTIO
MikpoopraHismie B 1 e’ i Koui-iHIEKCOM.

AHai3 pe3yNnbTaTiB CBIIYUTH, IIO AHTPOIIOTEHHE CEPEOBHIIEC MIiCT MA€ HETaTHBHUUI
BIUIMB Ha SIKICTh KPUHUYHUX BOJ y Micrax [poro6wu i Ctpwuii, i 3pa3ku KPUHUYHHUX BOJ HE
BiJINIOBIJAIOTh BMMOTaM 3a KUIBKICTIO MIKpOOprasi3miB B 1 oM’ i Koni-ingekcom. Y micrax
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Bopucnas i Camb0ip KpuHWYHA BOJia BIAMOBiZa€ HOpPMATHBaM 3a OOOMa TiTi€EHIYHUMH
MOKa3HUKaMHU.

Pesyneratn IOCITIKEHD T ITBEP IAIIH, 1110 HaHTIPOOIIEMHIITIM BUIOM
B0J103a0€3MEUEHHs] Y CIUIbCBKIH MICIEBOCTI € 1HAMBiqyasibHI KpuHULi. Y cenax CrynHHMIM,
Vpix, bepexuunst, HexyxiB 3pa3sku KpUHUYHUX BOJI NEPEBHUIIYIOTh BCTAHOBJICHI HOPMH JUIS
MUTHHUX BOJ 3a JBOMA mokasHukamu (3MY —y 1,1 — 9,28 pasis, komi-inaekc —y 110 pasiB). V
cenax bapaniBui i JloniniHe KpHUYHA BOJA BiANOBiJa€ HOPMATHBaM 3a JABOMA Tiri€HIYHUMHU
MOKa3HUKaMH.
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ASSESSMENT OF THE METHODS FOR OBTAINING
ALCOHOLIC EXTRACTS FROM JUNIPER GALBERRIES
(JUNIPERUS COMMUNIS L.)

Abstract. Among the known medical plants we can select J. communis (Juniperus
communis L., Cupressaceae), which are famous for their medical properties. In composition of
galberries J. communis there is a large number of different biologically-active substances, which
have anti-inflammatory, sensible, antiseptic action. Among them are: essential oils, vinegar, apple
and ant acid, invert sugar (to 40%), beeswax (to 0.7%) in inozitol, vitamin C, uniperin, pectin,
bitter, resinous (to 9.5%) and other substances. Our research shows that to receive ethanol extracts
from the galberries of J. communis with a high content of polyphenols (0.17+0.02 mg/g biomass)
and ascorbic acid (2.8+0.74 mg/g biomass) the most expedient is the method which includes
mechanical crushing (to 1-2mm particles) of raw material with a seven days infusion at the 70%
ethanol. An alternative method is to insert a whole galberries of J. communis in 70% ethanol over
a period of 21 days. Alcohol extracts obtained in this way have a high content of polyphenols
(0.15% 0.013 mg/g biomass) and ascorbic acid (2.99 + 0.36 mg/g biomass).

Key words: galberries of Juniperus communis, ethanol extracts, polyphenols, ascorbic acid.

INTRODUCTION

Juniperus communis is a medicinal, edible, essential oil, phytoncide, wood, resinous,
decorative and phytomeliorative plant [8, 12, 19]. The fruit (galberries) of J. communis are used
as medicinal raw materials. The seed galberries are berry-like, green ripening in 18 months to
purple-black with a blue waxy coating. They are spherical, 4-12 millimeters in diameter, and
usually have three (occasionally six) fused scales, each scale with a single seed. Galberries
contain sugar (up to 40%), dyes, organic acids (ant, acetic, apple), resins (9.5%), essential oil
(up to 2%) which contains terpenes camphene, cadine, terpineol, pinene, borneol, and also
minerals (manganese, iron, copper, aluminum) are; In needles to 0.27% of ascorbic acid [10].
Essential oils, pitches, saponins, tannic and dyes are found in the root [5, 10, 11].

The results of scientific studies have shown that essential oil of juniper galberries
(J. communis L.) has strong antioxidant properties [10]. Antioxidant and antimicrobial activity
is associated with the extracts of J. communis L. varieties, in particular with Staphylococcus
aureus [16]. Antibacterial action (in relation to Mycobacterium tuberculosis) has been found in
juniper infusions, from which the relevant substances were extracted [3].

In folk medicine of Ukraine, water infusions, alcoholic tinctures, sugar syrups of
J. communis galberries are used for treating colds, infections of the genitourinary system of the
body [11]. The traditional medicine uses the incense berries internally in the hypostases,
malaria, diseases of the kidneys, cystitis, gout, reumatism, as a part of the mixes at metabolic
polyarthritis; externally — as distracting and soothing rinse aid at the inflammation of the gums,
at mist herpes, itching. The essential oil of juniper berries (J.communis L.) is traditionally used
for medicinal and flavoring purposes [4]. Galberries of J. communis are used as a spice,
especially in European cuisine, due to its distinctive flavor [20].

This literature analysis shows that preparations made from J. communis raw materials
have a high pharmacological effect, and substances have a high biological activity. All this
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prompted us to carry out an analysis of the content of some biologically-active substances in
Juniper berry alcoholic extracts, a different method of its obtaining.

The purpose of this research is to evaluate the methods of obtaining biologically-active
extracts from J. communis galberries using 70% ethanol.

Objects of the research. Extraction of biologically-active substances by means of 70%
ethanol from J. communis galberries.

MATERIALS AND METHODS OF THE RESEARCH

The material for research were the galberriess of J.communis gathered in October, 2016
in the territory of the village of Dovhe-Hirske (Carpathian region, Ukraine).

Preparation of 70% alcoholic extracts from galberries of J. communis (10% m / v). 10 g of air-
dry galberries were crushed in a laboratory mill at 1000 rpm. The following methods of galberries
crushing were used: 1) without crushing, 2) 30 sec (to linear sizes of particles 0.5-2 mm), 3) 50 sec
(up to 0.5-1 mm), 4) 100 sec (up to 0.25-0.5mm). Then, 70% ethanol was added to the crushed
galberries, infused throughout 31 days at 202 °C in a dark place, and stirred daily (for one minute).

The Kkinetics of the extraction of polyphenols 70% with ethanol from the galberries of
J. communis of different degree of crushing was carried out by the spectral method for 32 days
obtained on the device SF-2000 (“Spectrum”, RF) at wavelengths corresponding to the
absorption maxima of the main polyphenolic compounds: 265 nm-gallic acid, Protonatechin
Acid; 280 nm — catechin, epicatechin, epicatetechinate, lactic acid; 312 nm - coffee acid,
chlorogenic acid; 354 nm — routine, quercetin; 525 nm — anthocyanins and their derivatives.

Polyphenols assay in alcoholic extracts galberries of J. communis by modified Folin-
Ciocalteu method [6]. Each tested sample was applied with 0.2 ml of alcoholic extract (10%,
m/v) of the juniper galberries diluted 10 to 200 times (with the exception of control). 0.4 ml of
the Folin-Ciocalteu reagent and 0.6 ml of alkaline 20% sodium carbonate were added to each
sample, stirred and adjusted to 5 ml with distilled water. After two hours, the optical density of
the experimental samples was determined on a spectrophotometer at a wavelength of 765 nm
regarding the control containing 70% ethanol instead of the investigated extract.

The mass concentration of polyphenols (X, mg/g) in the alcoholic extracts of J. communis
galberries in terms of gallic acid was found out using the formula:

X =C:n-V, where
m
C — mass concentration of gallic acid, found on the calibration graph, mg/ml;
n — dilution of the initial extract in the photometric sample;
V — volume of extract, ml;
m — hinge of biomass, g.

Ascorbic acid (AA) assay in alcoholic extracts galberries of J. communis by Murri
method [14]. To the studied samples, containing 3 ml of diluted (100-200 times) alcoholic
extract of J. communis galberries, we added 0.3 ml of 0.025% Tilmans solution
(2.6 — dichlorophenolindophenol). After 35 seconds it was photometrised at 530 nm in a ditch
with a working length of 1cm against the control sample. The control sample consisted of 3 ml
of distilled water and 0.3 ml of dye.

The content of AA (X, mg /%) in the alcoholic extracts of J. communis galberries, was
calculated by the formula:

X=C:-n-V_, where
m- 10
X - amount of AA, pg/ g of raw mass;
C - content of AA, found on the calibration graph, pg / ml;
n - dilution of the initial extract in the photometric sample;



65

V - volume of extract, ml;

m - hinge of biomass, g;

10 - conversion factor.

Statistical analysis. All experiments were performed at least in triplicates. Arithmetic
mean (M), standard error of mean value (m), Student’s t-test (t) and probability (p) were
determined for each selection of indices using the programme Microsoft Office Excel 2007.

RESULTS OF THE RESEARCH AND ITS DISCUSSION

According to the literature [10, 12/, J. communis galberries is a depot for important
biologically-active substances (BAS), which determine the healing properties of the plant [17].
These include polyphenols and ascorbic acid (AA) [12]. Polyphenols provide health benefits
such as antioxidant, antiviral, anti-microbial, anti-carcinogenic, anti-inflammatory, antitumor,
analgesic, antipyretic activities [2, 7, 15]. AA is an important metabolite of plants necessary for
their growth [18], an indicator of the orientation of oxidation-reducing processes, has
antioxidant activity, determining the resistance of plants to stress conditions. In the human
body, AA actively participates in almost all processes of life. First of all, AA performs two
main functions in the body: provides immune protection and stabilizes mental activity. Its
deficit leads to a general deterioration of health, as a result of weakening the immune system,
the human body is often subjected to viral diseases and colds [9].

Water-alcohol mixtures are common extragent of BAS from plant raw materials [1]. Often,
especially in folk medicine, 70% of it is ethanol. In addition, the latter is a good extragent of
polyphenols from plant material [15]. Therefore, we used 70% ethanol to obtain the extracts of
J. communis galberries.

It is known that the main surface of the mass transfer is the grinding area, which increases with
the decrease in the particle size [1]. Therefore, for the intensification of the extraction processes of
the target substances from the galberries of J. communis, we used shredding of raw materials and
daily (one-minute mixing).

In the presented work we tested four methods of obtaining alcoholic extracts from dry
galberries of J. communis: infusion in 70% of ethanol of uncrushed galberries; four infusions of
galberries of different degree of crushing: linear sizes of particles: 1) 0,5-2mm, 3) 0.5-1mm, 4)
0.25-0.5mm.

Estimation of the optimal method for extraction of BAS with galberries of J. communis with
70% ethanol was carried out on the content of polyphenols and ascorbic acid in the corresponding
extracts, depending on the degree of crushing of the raw material and the time of extraction.

The study of the kinetics of the extraction of polyphenols with 70% ethanol from the
galberries was carried out as described above. According to the results of the spectral method, it
was established that the extraction of polyphenols with 70% ethanol from uncrushed galberries
(method I) is actively carried out in the first 7 days. At 7 days, the yield of polyphenols is about
67% of the maximum value, which is fixed for 21 days. With further infusion of raw materials,
the growth of extinction for most polyphenols is not observed, and after 28 days it decreases.
Thus, the completeness of the extraction of polyphenols with 70% ethanol from the uncrushed
galberries of J. communis is completed by 21 days.

The study of the extraction process with 70% ethanol from galberries of J. communis crushed
by means of second method showed that on the 7th day the extinctions of the studied polyphenols
are maximal and higher by 5% as compared with the first method. With further infusion of the raw
materials, the extraction curves of the polyphenols have oscillatory appearance, and after 28 days
they are reduced. Thus, the completeness of the extraction of polyphenols with 70% ethanol from
crushed (up to 0.5-2mm) galberries of J. communis is completed by 7 days.

Extraction of polyphenols with 70% ethanol from the raw material crushed by the third
method ends at 11 days — the extinction of the investigated polyphenols is maximal and higher
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by 6 to 7% in comparison with the first method. With the further tension of raw materials, the
growth of extinction of polyphenols is not observed, and the curves have oscillatory
appearance. In addition, after 28 days of extraction, as in previous experiments, the extinction
of polyphenols is reduced. Thus, the completeness of the extraction of polyphenols with 70%
ethanol from crushed (up to 0.5-1mm) galberries of J. communis ends at 11 days, and alcoholic
extracts are characterized by the high content of polyphenolic compounds.

Extraction of polyphenols with 70% ethanol from the raw material crushed by the fourth
method ends at 11 days — the extinctions of the studied polyphenols are maximal. Compared
with the third method, the extinction values of most polyphenols are close to each other. When
further infusion of raw materials there was no reliable growth of extinctions observed — the
curves have oscillatory appearance, and after 28 days of infusion, as in the previous versions of
the experiment, fall. Thus, the extraction of polyphenols with 70% ethanol from the crushed (up
to 0.25-0.5mm) galberries of J. communis ends at 11 days, and the corresponding alcoholic
extracts are characterized by a high content of polyphenolic compounds.

Comparing the kinetics of the extraction of polyphenols with 70% ethanol from the
crushed galberries of J. communis, we noticed that in II - IV methods of crushing the values of
their extinctions are close. In particular, as we see in Figure 1, on the 7th day of extraction, the
extinction curves of the polyphenols of the studied extracts (50-fold dilution), obtained by the
II-IV methods are close. Taking into account the saving factor (extraction time and energy costs
for raw material cruching), it is possible to assume that the second method, which includes the
least time (30 seconds) of crushing galberries of J.communis (to 0.5-2 mm particles) and their
infusion for 7 days is the most optimal way to obtain biologically-active extracts.

D
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Fig. 1. Curves of extinction of polyphenols 70% of alcohol extracts (x50) galberries of
J.communis, different ways of obtaining:

1 — from the uncrushed galberries (method I);

2 — f om crushed (up to 0,5 - 2 mm) galberries (method II);

3 — from crushed (up to 0,5-1 mm) galberries (method III);

4 — from s crushed (up to 0,25 - 0,5 mm) galberries (method IV).
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The obtained data on the determination of the velocity and completeness of extraction of
polyphenols 70% by ethanol from the galberries of J.communis by spectral method is consistent
with the results of their quantitative determination in the corresponding extracts by the modified
Folin-Ciocalteu method (see above). As we see from the data (see Table 1 and Fig. 2), the total
content of polyphenols in extracts and the first method of obtaining increases from 7 to 21 days,
methods II and III — up to 7 days, method IV — up to 11 days. Note that with further infusion of
raw materials, there is no significant increase in the content of polyphenols in extracts of II-IV
methods of obtaining (see Table 1). In addition, by comparing the content of polyphenols for
21 days in the extracts of methods I-IV of obtaining, we see (Table 1) that there is no significant
difference between them. Thus, alcohol extracts, obtained by infusing uncrushed galberries
during 21 days in quantitative content of polyphenols, are not inferior to the extracts obtained
from the crushed galberries.

Table 1.
Kinetics extraction of polyphenols by 70% ethanol from galberries J. communis of different
methods of obtaining

Polyphenol content, mg/g biomass
Method of mechanical crushing
7_extraction day 11 extraction day 21 extraction day

1 Uncrushed galberries 0,10%0,01 0,10+0,01 0,15+0,013
I | Crushed particles up to 0.5 | 0,1720,02 0,150,014 0,16+0,013

— 2mm *t=3,13; p*<0,05 t=2,91; p<0,05 t=0,54; p=0
IIT | Crushed particles up to 0.5 | 0,160,02 0,19+0,017 0,170,014

— Ilmm t=2,68; p<0,05 t=4,56; p<0,01 t=1,04; p=0
IV | Crushed particles up to | 0,15%0,02 0,210,018 0,17+0,014

0.25 - 0.5mm t=2,23; p<0,05 t=5,34; p<0,01 t=1,04; p=0

* t — Student’s t-test;

* p — reliability of the difference, calculated relative to the first method of extraction.
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Fig. 2. Kinetics of the extraction of polyphenols from the galberries of J.communis by 70%
ethanol depending on the method of mechanical crushing of raw materials:
1 — without crushing (method I);
2 — crushing to 0.5-2 mm of particles (method II);
3 — crushing to 0.5-1mm (method III);
4 — crushing to 0.25- 0.5 mm (method IV).
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Therefore, for the production of biologically-active extracts from the galberries of
J. communis enriched with polyphenols, it is possible to recommend the method II, which
includes the crushing of dry raw materials (to linear sizes of particles from 0,5 to 2 mm),
followed by 70% ethanol inhibition for 7 days and daily stirring (within 1 min). The extracts
obtained by this method contain the highest content of polyphenols — 0.17+0.02 mg/g biomass.
In the absence of crushing mills, for example, in household conditions, we can also recommend
the method of obtaining extracts — the use of uncrushed galberries of J.communis in 70% of
ethanol for 21 days with the daily one-minute stirring. The content of polyphenols in such
extracts is 0.15 £+ 0.013 mg/g biomass.

The study of the kinetics of extraction of ascorbic acid (AA) with 70% ethanol from the
J. communis galberries was carried out by the Murri method for 32 days as described above.
According to the data obtained (see Table 2 and Fig. 3), it is established that the content of AA
in the 70% alcoholic extracts of J. communis galberries is rather high and consistent with the
literature data [13]. In particular, according to the first method of extraction, the content of AA
in the extracts is the highest (2.99+0.36 mg/g biomass) at 21 days of infusion, for the second
method — 25 days (3.27 * 0.67), in the third way — for 21 days (2.77%+0.34), for the fourth
method — for 25 days (3.27 + 0.47). With the further infusion of raw materials (up to 32 days),
the content of AA in alcoholic extracts of various methods of obtaining is slightly reduced.

Table 2
The content of ascorbic acid (mg/g biomass) in the 70% alcoholic extract of J. communis
galberries under different methods of obtaining

Method Day of extraction
of 7 11 14 18 21 25 28 32
obtaining

I 2,43+0,52|1,53+0,20|1,34+0,052,12+0,18 | 2,99+0,36 |2,45+0,46|2,38+0,13|2,25+0,15

11 2,80+0,7412,08+0,09]2,34+0,112,11+0,21 | 2,79+0,30 |3,27+0,67|3,12+0,37|2,51+0,36

I |1,17+0,20{1,98+0,08|1,40+0,15]1,77£0,17 | 2,77+0,34 |2,63+0,12|2,71+0,41|2,43+0,26

IV |1,01+0,19]1,21+0,04|1,03+0,04[1,61+0,05 | 3,02+0,22 |3,27+0,47|2,81+0,23|2,98+0,37
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Fig. 3. Kinetic curves ascorbic acid extraction from J.communis galberries by 70%
ethanol depending on the method of mechanical crushing of raw materials:

1 - without crushing (I method);

2 - crushing of particles to 0.5-2 mm (II method);

3 - crushing of particles to 0,5-1 mm (III method);

4 - crushing of particles to 0.25-0.5 mm (IV method).
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Comparing the kinetics of AA extraction from the galberries of J. communis, we see
(Table 2 and Fig. 3) that its content is the highest on the 25" day in alcoholic extracts of the first
and fourth methods of obtaining (3.27+0.67 and 3.27+0.67 respectively). However, there is no
significant difference between the content of AA for 7 and 25 days in the extracts of the second
method of obtaining (t = 0.47, p = 0). There is also no significant difference (p=0) between the
content of AA in extracts and the method of obtaining between 7 and 21 days of infusion.
Consequently, the two methods can be recommended for obtaining alcoholic extracts from
J. communis galberries enriched with AA: I — infusion of uncrushed galberries in 70% of
ethanol for 21 days; II — infusion of crushed (up to 0.5-2 mm) galberries in 70% ethanol for
7 days with a daily (one-minute) stirring.

CONCLUSIONS

It has been established that for the intensification of the extraction of biologically-active
substances from the galberries of J. communis; it is advisable to apply crushing of raw materials
to linear sizes of particles of 0.5-2 mm.

It has been shown that infusion of the crushed (up to 0.5-2mm) galberries of J. communis
in 70% of ethanol for 7 days with daily (one-minute stirring) is the most optimal and fastest
way to obtain biologically-active extracts. These extracts contain a high content of polyphenols
(0.17£0.02 mg/g biomass) and ascorbic acid (2.8+0.74 mg/g biomass).

An alternative is to infuse uncrushed galberries of J. communis in 70% ethanol over a
period of 21 days with a daily (one-minute) stirring. Extracts obtained in this way have a high
content of polyphenols (0.15 * 0.013 mg/g biomass) and ascorbic acid (2.99 * 0.36 mg/g
biomass).
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AHOTANIA

OIIHKA CITOCOBIB OTPUMAHHA CITMPTOBUX EKCTPAKTIB I3
MNIKOAI'LL JUNIPERUS COMMUNIS L.

Cepen nikapChKUX POCIMH 3HAYHUN iHTEepec Mae J. communis. umkosronu J. communis
€ Jeno BaXIMBUX OionoriuHo akTtuBHHX pedoBuH (BAP), ski BHU3HA4YaIOTh JiKyBajbHI
BIIACTUBOCTI pociwuaM. Jlo iX dYwcia Hanexuth moyideHonn i ackopOGinoBa kuciora (AK).
[MonideHONMM POCIAMH € CHPUATIMBAMH IS 3I0POB’S JIOAWHH, BUSBIIOYN aHTHOKCHIAHTY,
MPOTHBIPYCHY, AaHTUMIKPOOHY, aHTHKAHIEPOTCHHY, NPOTHU3aNaNbHy, MNPOTHIYXJINHHY,
aHANBIeTUYHY, Xapo3Hmkyrouy naii. AK Oepe akTUBHY yuacTh Maibke y BCiX Impoliecax
KUTTENISUIBHOCTI. Hacammnepen, Bitamin C BHKOHYE B OpraHi3mi J1Ba OCHOBHI 3aBJaHHS:
3a0e3neueHHs IMyHHOTO 3aXKCTY 1 CTa0uIi3amii NCUXIYHOT isUTBHOCTI.

VY HapoaHiil MeAWIMHI 3aCTOCOBYIOTHCS BOJIHI HAcTOi, CIUPTOBI HACTOSHKH, I[YKpOBI
CUPONH IIUIIKOSATiT J. communis, SKi PEKOMCHAYIOTbCS IMPH MPOCTYJHHUX 3aXBOPIOBAHHSX,
JiKyBaHHI iHQEKIIi cedocTaTeBoi cucTeMu opraHizMy. [IpormoHoBaHi CITOCOOM 3acTOCYBaHHS
npemnapatiB 3 J. communis MalOTh aMaTOPCHKHH XapakTep, BIICYTHI Pi3HOCTOPOHHI
JOCHIDKEHHS 10710  (hapMaKOTOKCHKOJIOTIYHUX BJIACTHBOCTEH EKCTPaKTiB 31 CHPOBUHHU
POCIMHM, CTaHJApTH3aIii X Ta rmepemxdadyBaHOCTI il HAa KUBHHA OpTaHi3M 3aJIeKHO BiJ 103 i
crmoco0iB BBeICHHS, (Pi3UKO-XIMIYHUX BIACTUBOCTEH O10JOTIYHO aKTHBHUX PEYOBHH, MOOIYHUX
BILJIMBIB TOILO.

Mertoro poOOTH € OLiHKAa METOJIB OTPUMaHHS OI0OJIOTIYHO AKTHBHUX EKCTPAaKTiB 3
mUMmKosria J. communis 3a Bukopuctanus 70% eraHouy.

MarepianoM aisl TOCHIPKEHb CIYTyBaJIM IIHIIKOATOAW J. communis, 310paHi y >KOBTHI
2016 p. Ha Tepuropii c. Josre-I'ipceke Jporodunpskoro paiiony (Ykpaina).

VY npexcrasieniii poboTi arrpoO0BaHO YOTUPH CIIOCOOH OTPUMAaHHS CITUPTOBUX EKCTPAKTIB
13 cyxux mumkosrin J. communis: 1 — HactoroBanHus y 70 % eraHoumi HUTbHUX mmmkosrig, 11 —
IV HacTorOBaHHS HIUIIKOATIA Pi3HOTO cTyneHs nmoApioHeHHs: I — miHiiHI po3MipH YaCTHHOK —
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0,5-2wmm, I - 0,5 - 1 mm, IV - 0,25 — 0,5 mm. [Ins inTeHCH}iKaIlii MPOIeciB eKCTparyBaHHs;
TBOBUX PEUOBHH BHKOPHCTAHO IMIOACHHE (OJHOXBWJIMHHE) MEPEMIITyBaHHS Ta MOAPiOHEHHS
CHUPOBHHH.

OuiHKy onTuManbHOro croco0y ekcrparyBanHsi BAP 13 mmmkosrin J. communis 70 %
€TaHOJIOM, 3IMCHIOBATHM 32 BMICTOM MOJI()EHOMIB W acKOpOIHOBOI KHCIIOTH Y BiNIMOBIIHUX
EKCTpAKTaX 3aJIEKHO BiJI CTYICH MOIPiOHCHHS CUPOBHHH 1 Y4acy eKCTparyBaHHSs.

Hammmu pocnmimpkeHHs, MOKa3aHO, IO JUI iHTCHCHUQIKALii MPOIeCy CeKCTparyBaHHS
010JIOTIYHO aKTUBHHX PEYOBUH 13 wMIIKOATLA J. communis JOUITBHO 3aCTOCOBYBATU
NOJPIOHEHHST CHPOBMHM 10 JiHIMHUMX po3MipiB wactuHOK 0,5 — 2 mM. Bcranosieno, 1o
HacToroBaHHS moapidHeHux (10 0,5 — 2 MM) mmmkosrin J. communis 'y 70% eTaHoIi yIpomoBxK
7 ni6 3 uoJeHHUM (OJHOXBWIIMHHHAM) IIE€PEMIllyBaHHSIM € ONTUMAJIbHUM Ta [IBHIKUM
Crmoco0OM OTpUMaHHS OiOJIOTIYHO aKTUBHUX EKCTPaKTiB. 3a3HaueHi EKCTPaKTH MIiCTATh
Bucokuid BMicT momipenoniB (0,17+0,02 mr/r 6iomacu) Ta ackopOiHOBOiI kuciotu (2,8+0,74
Mr/T 6ioMacu). AIbTEPHATUBHUM € CTIOCI0O HACTOIOBAHHS IMIIBHUX IIUIIKOATIN J. communis y
70% eranoni ympomoBxk 21 mobm i3 mogeHHWM (OJHOXBWJIMHHHM) TI€PEMilTyBaHHSM.
OTpHrMaHi TakKMM CIIOCOOOM EKCTPAaKTU MICTATh BUCOKUH BMicT noiidenomnis (0,15+0,013 mr/r
Oiomacu) Ta ackopOiHOBOT KuciotH (2,99+0,36 Mr/r 6iomacu).






73

Mykola Shpek, Hryhorii Kossak, Vasyl Stakhiv, Oksana Lupak

Drohobych Ivan Franko State Pedagogical University
e-mail: bioddpu@ukr.net

THE INFLUENCE OF SOWING TERMS OF DIFFERENT SORTS OF
WHITE MUSTARD ON THE MORPHOLOGICAL INDICES AND
SEED PRODUCTIVITY IN THE WESTERN REGION OF UKRAINE

Abstract. One of the important factors of agricultural industry development is the usage of
those crops, which play a huge role in food, fodder and raw material production. Oil-bearing crops
have the corresponding complex of economic-valuable signs. In recent years, the interest in growing
white mustard (Sinapis alba L.) increased significantly. At the present stage of development of the
agro-industrial complex of Ukraine white mustard is a valuable oilseed crop, which has a wide range
of usage in fodder production, food, technical and pharmaceutical industries.

The research was carried out at the experimental plot of Drohobych Ivan Franko State
Pedagogical University during 2017, which relates to soil and climatic zones of the Western
Ukraine (Precarpathian region). Morphological indices and productivity of different sorts of
white mustard were investigated at the period of sowing in different terms.

INTRODUCTION

At the present stage of development of the agro-industrial complex of Ukraine white
mustard, valuable oilseed crop, has a wide range of usage in fodder production, food, technical
and pharmaceutical industries [1].

White mustard (Sinapis alba L.) is an annual herbaceous oilplant, that belongs to genus
Mustard (Sinapis) of the family Cabbage (Brassicaceae). Aboveground part of the plant grows
up to 80 cm. The plant has a well-developed root system, its stem is stiff, straight, branched at
the top and reaches a height of 50-80 cm. White mustard’s raceme is multi flowered tassel,
which consists of 25-100 separate flowers with 9 cm long pedicel. 0,7-1,2 cm long flower
leaves are white and yellow. The flowers have a strong smell of honey [8, 11].

Mustard fruit is a pod with long sword-shaped beak, covered with short stiff hairs, 2-4 cm
long. There usually are formed 4-6 globular yellow seeds inside the pod. Seeds are small, round
with a smooth surface, about 1 mm in diameter, slug in water, spicy and bitter. 1000 seed
weight is 4-6 grams [4, 7].

Mustard is an important oilseed crop; oil is produced from its seeds, which quality is not
inferior to sunflower one. Mustard seed contains from 35 to 47 % fat. In addition to it, the
mustard seed contains 25-32% of protein and 1.7% of essential oil [11-13]. Mustard oil is
widely used for food, as well as in many branches of industry, in particular bakery,
confectionery, and pharmaceutical one. Due to the essential oil content of mustard, it is used in
cosmetology and perfumery [6, 14-17].

Mustard is also used as a forage crop. The head of the plant (60-70% of seeds) contains
25-32% of protein, 12% of fat, 9% of fiber and alkaloids (sinigrin, tannalbinum) [8, 18-20].

Due to the rational system of tillage, integrated use of high-yielding chops, fertilizers,
herbicides and other elements of the technology, mustard is economically beneficial crop,
which is characterized by great biological and economic properties: a rash, resistant to cracking,
has a short vegetation period, good forbear for grain crops. The plant has a short vegetation
period, the field is released in July-August, which allows quickly prepare this field for sowing
winter crops [3, 10].
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The research was carried out at the experimental plot of Drohobych Ivan Franko State
Pedagogical University during 2017, which relates to soil and climatic zones of the Western
Ukraine (Precarpathian region).

MATERIALS, CONDITIONS AND METHODS OF FIELD STUDIES

The program of our research was the influence of sowing terms of different sorts of white
mustard on the morphological indices and seed productivity in the western region of Ukraine.
The study was carried out with sorts Podolyanka, Carolina and Talisman. 2 factors were used
for the research, where the factor A is sorts of white mustard (Podolyanka, Carolina and
Talisman) and the factor B is a sowing date (on April, 14, on April, 24 and on May, 4).

Table 1. Research scheme

Research versions
Number White mustard sorts Sowing terms
1 Podolyanka April 14(th)
2 Carolina April 14(th)
3 Talisman April 14(th)
4 Podolyanka April 24(th)
5 Carolina April 24(th)
6 Talisman April 24(th)
7 Podolyanka May 4(th)
8 Carolina May 4(th)
9 Talisman May 4(th)

The study was performed in accordance with the methodology of field experiments to
study the main methods of agricultural crops cultivation (B. A. Dospekhov, 1985) [5].

As a result of the performed research it was supposed to investigate:

1. Phenological observation of sowing white mustard, which was carried out (by visual
method), marking the date of approaching growth and development phases:
germination, stooling, gemmation, flowering, fetation (formation of pods) and seed
maturation.

2. Biometric analysis of plant samples: the linear sizes of plants and their morphological
characteristics (using metric measurements).

3. The analysis of technological properties of seed: weight of 1,000 seeds (by paired
batches).

4. Records of harvest: method of continuous collection of white mustard plants from each
plot, their threshing and weighing.

5. Mathematical processing of data was performed by Dospekhov’s variation statistics
in1985 by using the computer Pentium IV (program was developed by the Department
of crop production and grassland farming of Lviv national agrarian University).

RESEARCH RESULTS AND DISCUSSION

White mustard was sown after spring grain crops (oats). After harvesting the previous one
and stripping the areas from the nutritious remnants, the peeling of the stub was carried out at a
depth of 8-12 cm with the disk implements. Three weeks before the ploughing, herbicide
roundup was introduced at a rate of 3 1/ ha in order to destroy perennial weeds.
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Ploughing was carried out in early November at a depth of 20-22 cm. In spring, a leveling
of soil, pre-sowing cultivation (at a depth of 6-8 cm) and pre-sowing ground ditching before the
sowing of white mustard were done.

Sowing was carried out according to the experimental scheme, starting from April 14 and
ending May 4, the interval between the terms of sowing was 10 days.

The seeds were sown with a manual seed drill with a disk coulter of vegetable seeders type
SU—-4.2. The mustard is planted in a white rough way with an intermediate row of 45 cm, the
depth of wrapping of the seed is 2-3 cm, the seeding rate according to the experimental scheme
(2 million pieces per hectare).

A care of sowing the white mustard consisted in hoeing spaces between rows and
destruction of weeds. During the vegetation period we carried out three intercropping
cultivation and weeding plants. In order to protect from annual grain and dicotyledonous weeds
in all areas of the experiment, the herbicide Butyzan 400, 40% normally 2,0 1 / ha was
introduced to the stains of mustard white plants [10].

Insecticide Fastak 10% — 0,15 1/ha was sprayed against pests (cruciferous flea beetles and
pollen beetle). Against diseases spraying was not performed.

White mustard was harvested with technical ripeness when the seeds were brown and firm
to the touch. Optimum humidity of seeds is 8%.

The results of our research showed that in the Western region, the sowing time affect the
morphological parameters and yield structure of white mustard (see table. 2). Stem length
ranged from 69 to 98 cm, and inflorescences from 30 to 42 cm. The highest rates were in sorts
of first term of sowing in April, 14. At this sowing time the best linear dimensions of the stem
and inflorescences had the class Talisman. In this variant, the length of the stem of white
mustard was 98 cm and the length of the inflorescence was 42 cm.

The second term of sowing was somewhat different from the linear size of the plant. The
highest rates were again in the Talisman sort and the lowest was in the Carolina sort.

The third term of sowing (May, 4) provided the smallest rates of the linear size of white
mustard sorts. The smallest length of stems and inflorescences was found in the Caroline sort —
69 cm and 32 cm.

Analyzing all the terms of the sowing, it should be noted that the best morphological
characteristics of the plant were characteristic of the Talisman variety, and the lowest were the
plants of the Caroline variety.

The timing of the mustard seeding is one of the most important elements of technology,
which affects its productivity indices [4].

The number of seeds per pod and their weight also depends on variety and sowing time.
Analyzing the obtained results, we can say that the sowing terms influence on the number of seeds
per pod, and these elements of structure is a key indicator in determining the yield of white mustard.

Table 2. The effect of different varieties and dates of sowing on the linear dimensions of
the plants of white mustard

Number Research variant Linear dimensions, cm
Sorts of white mustard | Sowing terms| Stems Inflorescence
1 Podolyanka 14 April 93 37
2 Carolina 14 April 78 39
3 Talisman 14 April 98 42
4 Podolyanka 24 April 89 32
5 Carolina 24 April 75 36
6 Talisman 24 April 91 38
7 Podolyanka 4 May 82 30
8 Carolina 4 May 69 32
9 Talisman 4 May 84 35
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As can be seen from Table 3, the number of seeds per pod at different times of sowing
varied within the range of 8.8-11.1 pieces. The results of our research showed that the highest
rates were in sorts in early sowing (April, 14). The largest number of seeds is 11.1 pcs. The
plants of the Talisman sort were sown on April 14th.

During three sowing periods, the largest number of seeds in the pod was marked in the

Talisman sort, and the smallest in the Podolyanka sort.

Table 3. Influence of rates and terms of sowing on quantitative parameters
of seeds of white mustard

Number Research variants Quantitative indices
Sorts Sowing terms The number of |The mass of 1000
seeds per pod [seeds, g
1 Podolyanka April 14(th) 9,8 5.2
2 Carolina April 14(th) 10,5 4,6
3 Talisman April 14(th) 11,1 5,8
4 Podolyanka April 24(th) 9,5 4,8
5 Carolina April 24(th) 10,1 4,2
6 Talisman April 24(th) 10,5 5,4
7 Podolyanka May 4(th) 8.8 4,6
8 Carolina May 4(th) 9.4 4,0
9 Talisman May 4(th) 9,5 5,1

Weight of 1000 seeds is one of the important elements of the yield structure. As can be
seen from the table 3, the highest mass of 1000 seeds of all plants of white mustard was
established for the first sowing time (April, 14). The highest 1000 seed weight was observed in
plants of the class Talisman and was at 5.8 g.

The third sowing date (May, 4) provided the smallest weights of 1000 seeds of all the sorts
of white mustard, compared with other sowing dates.

After analyzing the indicators of the linear size of the stem, inflorescence, the number of
seeds per pod and the mass of 1000 seeds, we note that the highest values were established in
plants of the Talisman type with the sowing date (April 14), therefore this variety is best
suitable for growing in the conditions of the western region of Ukraine.

Yield is an integrative indicator, which depends on a large extent on the weather
conditions that occur during the vegetation period, seed sowing, sowing terms, and other factors
of the environment [6].

On the basis of the conducted researches it is established that the sorts Carolina and the
Talisman provided significantly higher seed yield compared to the Podolyanka one (see
table.4).

Table 4. The seed yield of white mustard depending on the sorts and sowing time

Number Research variants Yield
Sorts Term cwt/ha
1 Podolyanka April 14(th) 18,3
2 Carolina April 14(th) 19,7
3 Talisman April 14(th) 20,7
4 Podolyanka April 24(th) 16,5
5 Carolina April 24(th) 17,9
6 Talisman April 24(th) 18,7
7 Podolyanka May 4(th) 15,1
8 Carolina May 4(th) 16,4
9 Talisman May 4(th) 17,0
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The yield was determined by the terms of sowing and agrometeorological conditions.
From Table 4 one can see that the highest yield - 20.7 cwt / ha white mustard was obtained on
the Talisman sort with the sowing date April, 14. The lowest yield of white mustard seeds
(15.1 cwt / ha) was established in Podolyanka plant with sowing date May, 4. The highest crop
was characterized by plants of white mustard, grown for early sowing (April, 14).

CONCLUSIONS

1.Soil and climatic conditions of the Western region of Ukraine are favourable for the
cultivation of high and stable yields of white mustard.

2.The sowing of seeds of different varieties of white mustard, significantly affect the
growth and development of plants, morphological parameters and seed yield.

3.The best sowing date in all studied sorts of white mustard were established early (April,
14). Early sowing time better contributed to the growth and development of plants, and
increased germination and survival of white mustard.

4.Early sowing significantly affects morphological parameters. It increases the linear
dimensions of the plants and improves the formation of pods, increasing in them the number of seeds
and weight of 1000 seeds. The highest of these rates were set at sort Talisman at the sowing date of
April, 14. In this variant, the stem length was 98 cm, length of the inflorescence — 42 cm, number of
seeds per pod — 11 pieces and a 1000 seed weight of 5.8 grams. The lowest rates were in Podolyanka
in case of late sowing (May, 4).

5.The sowing dates significantly influence the seed yield. The highest of these rates were
set in early sowing. The highest yield of seeds — 20,7 kg/ha were installed in sort Talisman at
sowing time (April, 14). A few less seed yield were found in plants of the sort Carolina and the
lowest (15.1 C/ha) in the sort Podolyanka in case of late sowing (May, 4).

6.The results showed that in soil-climatic zone of the Western region of Ukraine for the
best morphological characteristics and seed yield were the sorts of white mustard Talisman and
Carolina. It is established that the most favourable sowing date for plants of white mustard is
April, 14.
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AHOTAIIS

BILJINB CTPOKIB CIBBHM PI3HUX COPTIB I'TPUMIII BLJIOI HA
MOP®OJIOTTYHI TIOKA3HUKHU TA YPOXKAHHICTHL HACIHHS B
YMOBAX 3AXITHOI'O PET'TOHY YKPATHA

OmauM 13 BaxmBHX (DaKTOPIB PO3BUTKY CiTbCHKOTOCIIONAPCHKOTO BHPOOHHUIITBA €
HaWOUIBII TOBHOIIIHHE BUKOPUCTAHHS MOKIIMBOCTEH THX KYJIBTYp, K1 BiIIrparoTh 3HAYHY POJIH
Y BUPOOHMIITBI MPOAYKTIB XapdyBaHHS, KOPMIB Ta CHPOBHHH IS TPOMMCIOBOCTI.
BiamoBigHuii KOMIUIEKC TOCIOAAPCHKO-IIIHHMX O3HAK MAlOTh OJIKHI KyJNbTypH. 3a OCTaHHI
POKHM 3HAYHO IiJIBUIIMBCS iHTEpeC 0 BHUPOIIyBaHHs Tipuuii Oinoi (Sinapis alba L.). Ha
CydacHOMY €Talli PO3BHTKY arpolpoOMHUCIOBOTO KOMIUIEKCY YKpaiHu Tipuwisl Oia — I[iHHA
OJNliiHA KyJbTYpa, K4 Ma€ MIUPOKHH CIIEKTP BUKOPUCTAHHS Y KOPMOBHPOOHHMIITBI, XapUOBiii,
TEXHIUHIH 1 papMaleBTUUHIN TPOMHCIIOBOCTSIX.

Jocnijpkennss npoBogwimmck 13 copramu Ilomonsiaka, Kapomina 1 Tamicman. s
MPOBEICHHS JOCIIKEHb OYII0 3aKIaJICHO ABO(PAKTOPHUMA TOCTi, Ae (PakTop A — COPTH TipyHIli
6inoi (ITomonsinka, Kaposina 1 Tamicman) 1 ¢akrop B — cTpox ciBOM, sikuii BapiroBaB Ha
TpbOX piBHAX 3 KpokoM 10 nHiB (14 kBiTHS, 24 KBiTHA 1 4 TpaBH:). JloCiiHKEHHS] BUKOHYBJIUCh
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Yy BIAMOBIMHOCTI IO METOIWKH MPOBEIEHHS IOJBOBUX JOCHTiMIB 3 BHBYCHHS OCHOBHHUX
MIPUHOMIB BHPOITYBAHHS CLTbCHKOTOCTIONAPCHKUX KYIIBTYP.

HacinHg BUCiBamM py4YHOIO CiBaJKOIO 3 AMCKOBHM COIIHHKOM OBOYEBOI CiBaJKH THILY
CO —4,2. Cisnu ripuuio Oy psAIKOBHUM crocobom 3 MDKpamasaM 45 cw, riaubuHa
3aropTaHHs HaciHHA — 2-3 CM, CTPOKM BHCIBY HAcCiHHS INPOBOJMIIHUCS BIAIOBIJHO 0
CXEMHU JIOCHiTy, HOpMa BHCIBY HACIHHS 2 MJIH. IITYK Ha 1 ra.

Jormsn 3a mociBamu ripuuii OuI0T HoJsraB y poO3NyIIEHHI MIDKpS/Ab 1 3HHIIEHHI
Oyp’sHiB. 3a epio]] BereTarii M1 IPOBOAWIN TPU MIXKPSAHI 0OPOOITKH 1 TPONOJIKY POCIHH. Y
00pOTEOI MPOTU OJHOPIYHUX 3JIAKOBUX Ta IABOJOJBHUX OYyp’sHIB Ha BCIX AIISHKAX JOCIHITY
BHOCHIH repOinua byrizan 400, 40% x.e y HopMi 2,0 1/ra, 10 CXOAiB POCIHH Tipunili 6iroi.

Pesymbratn mpoBemEeHMX JAOCHIIKEHb IIOKa3add, IO B yMOBaX 3axXiTHOTO pErioHy
VYkpaiHn CTpOKHM CiBOM BIUIMBAlOTH Ha MOPQOJIOTiYHI MOKAa3HUKK Ta YPOKAWHICTh HACIHHA
ripanni Oinoi. HaiiBumumu 11i moka3HUKH Oyl BCTAHOBIICHI MPH pPaHHIX CTPOKaX IOCIBY.
HaiiBuma ypoxaiinicts Hacinus — 20,7 m/ra Oyiia BCTaHOBJIEHA Y pOCHHH copTy Tamicman mpu
cTpokax mociBy 14 xBiTHA. Jlemo HIDKYa yposkalfHICTh HaCiHHA Oyila BHSABIICHA Y POCIHH COPTY
Kapomnina, a wnaiinwkdoro (15,1 m/ra) ypoxailHICTIO XapaKTEpU3yBaJINCS POCIMHU COPTY
IMomonsiHka i3 cTpokoMm ciBOM 4 TpaBHs. JloBxuHa cTeOna craHoBmia Big 69 mo 98 cM, a
cyusitTrs — Big 30 mo 42 cm. HaiiBumuMu niHiHUMH po3mipamu crebia Ta CYyLBITTA
XapaKTepU3yBaJIMCS POCIMHU Tipumui Ounoi copry Taiicman 3a mepiioro cTpoky cisou — 14
KBITHS, 30KpeMa JIOBKMHA cTeOna craHoBmiaa 98 cM, a JoBkuHA CynBiTTs — 42 cM. HaiibinbIna
maca 1000 HacinuH - 5,8 r Oyna 3adikcoBaHa TaKoXK y pOCiIuH copty TamicmaH.

Pesymbratn mocnmimpkeHb IMOKa3ald, W0 y IPYHTOBO-KINIMATHYHUX yMOBaX 3aXiTHOTO
periony YkpaiHH HaWKpamuMH 3a ypOXKaWHICTIO Ta MOPQOIOTIYHIMH MOKa3HUKAMH POCIIHH
ripunii 6ioi BusiBHHCS coptu Tammicman i Kaposina, a ctpokom ciBOu — 14 KBiTHSL.
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A METHOD FOR RAPID ASSESSMENT OF WATER QUALITY
CONSIDERING THE INFLUENCE OF MILITARY ACTIVITIES

Abstract. The article represents a quality parameters research of the surface waters of
Yavoriv firing ground and proposes an improved method for hydro chemical monitoring that
foresees establishing the specific pollutants that pose a significant risk to the aquatic
environment. There has been carried out a water quality assessment according to the sanitary
norms applicable standard MPC. There has been identified and analyzed hydro physical and
hydro chemical parameters of the water samples. The list of core indicators showed that its
values came nearer to the limit or was more elevated and by its origin could be invoked in the
course of military activities.

Measured inflated rate of oxidation confirms the pollution by sewage. The exaggeration of
this index’s values indicates the presence of organic impurities, which are caused by oil
pollution, fuel lubricant materials (FLM), surface-active substances (SAS), oils, antifreezes and
other organic substances that are used during the exploitation of combat vehicles or other
military activities.

Key words: environmental monitoring, integrated characteristics, technogenic load,
pollutants, military activities, firing ground, water pollution index.

INTRODUCTION

Human activity is causing great harm to the natural environment that leads to the
deterioration of the environmental situation. The condition for the ecological balance
establishment is the organization of ecological monitoring of natural resources, which consists
in the regulation of environmental laws in various industries and the optimization of theirs
usage and creation new research methods. In the present environment, under the organization of
their complex usage, the serious errors are allowed but environmental effects of which
practically are not taken into consideration. This approach leads to a critical environmental
situation that prevails today.

Quite an unfortunate situation now is with water cover, therefore, the priority direction of
research are water resources of Ukraine, which misallocation results in scarcity of drinking
water and for household needs. This fact remains a problem not only for Ukraine but also for
other countries, especially third world countries.

Lviv region, compared to other regions of Ukraine, occupies the 9th place in terms of
discharges of untreated and poorly treated wastewater in surface waters [1]. This figure reflects
a big problem, if we take into account the fact that there is the Main European watershed in
Lviv region, which affects the pollution of the headwaters and, in turn, leads to regional
pollution in the basins of Dniester, Dnieper, Western Bug and San. As a result, the significant
part of the Ukrainian population receives poor quality water (including drinking) [1]. Of course,
these pollutions attract the attention of the European community, and therefore the Water
Framework Directive (WFD) was included in the European agreement on Association [2, 3],
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the purpose of which is to harmonize environmental legislation with the EU laws. Interrelations
between Ukraine and the EU contribute to the implementation of certain strategies concerning
the harmonization and adaptation of the system of environmental-legal requirements that would
mitigate the human influence on environmental pollution and would help to maintain the
ecological balance of the environment.

These requirements are based on systematic observations using the operating methods of
obtaining objective and reliable results. Directives have no direct legal force, but are mandatory
for all EU members. Member countries undertake to carry out continuous monitoring of water
bodies on the content of nutrients such as nitrates and phosphates, the total contents of
phosphorus and nitrogen, which increased index accelerates the eutrophication process and it is
‘in the first place’ within the EU rules. The ultimate goal of the directives is to achieve
concentrations close to background components of the natural background conditions [13-20].

In accordance with the water code of Laws of Ukraine, based on regulations of
environmental safety of water use and the ecological quality standards of water bodies there is
continuous environmental monitoring which is one of the most difficult types of monitoring that
implements at the local, regional, national and global levels and provides the organization of the
unified state system of control and automation systems for the collection, processing
information about the state of natural resources, assessment of the capacity and the level of their
use and inventory of sources of pollution, modeling of changes the ecological situation and
development of universal management decisions [4-6].

The specific focus of environmental monitoring is the research of the techno genic load of
the objects of the Armed forces of Ukraine (AFU), owned by the Ministry of Defense of
Ukraine, and in their operational management and economic management. The authors [7]
investigated the environmental situation which caused by the activities of military facilities,
among which the most contaminated are considered to be firing grounds in the settlements of
Yavoriv, Sarny, Yarmolyntsi, Vapniarka, Starychi, Vysoka Pich. Military trainings are
accompanied by large anthropogenic loads, which cause soil erosion, alteration of aquifers,
pollution by metal and household waste, detergents, pollutants of organic type, and others [6, 9-
12]. The accumulation of such pollutants is accompanied by the pollution of the world ocean
and causes pollution on a planetary scale. That is why European countries are working to ensure
the balanced usage of such training with mandatory compliance with environmental legislation.

To overcome the above drawbacks, it is necessary to analyze and reorganize certain
legislative, organizational and methodological activities, which would be systematized,
regulated and adapted to site-specific water management.

Current state of the problem. In Ukraine, the definition of natural waters quality tend to
carry only in terms of chemical structure of water, whereas the regulation and the practical
implementation of European directives is determined by abiotic (physical and physical-
chemical) and biotic indicators that determines ecological status for biological, hydro
morphological, physical-chemical and chemical characteristics. According to the WFD the
definition of an abiotic parameters is carried out by an analytical method, which refers to the
operational methods for the determination of pollution, however, it has detrimental effects on
living organisms of the aquatic environment due to the concentration limits of toxic substances
needed for analysis, and requires a significant economic costs and different complexity of the
experiment due to the lack of special equipment. Therefore it is necessary to introduce new
research methods that would differ in a number of advantages. The main advantage of such
methods is the efficiency and fairness of assessment with a specific list of parameters.

There are many techniques for the study of water quality, which include different amounts
of the investigated physical, chemical, microbiological and bacteriological parameters [1]. The
authors [3] have thoroughly analyzed the main methods for ecological assessment of water
quality according to drinking, utility and fishery and found that there are a number of
shortcomings of the systematic, biological and chemical nature. It was proved according to the
WEFD and installed by it the main indicators of activity in the water sector, the definition of



83

dangerous substances through a system of maximum permissible concentration (MPC) is not
able to give an objective evaluation of the complex condition for the water object and describe
the conditions of the aquatic ecosystem and its stability to pollution. In particular, this system
does not indicate the list of pollutants, which may be caused by military or other spheres of
activity. Taken into consideration the above, any research cannot give a comprehensive
assessment of quality of water objects taking into account peculiarities of techno genic load of
military activities and may be considered unreasonable and unreliable. Therefore, to ensure this
condition, we propose an integrated method of water quality assessment on the basis of the
definition of "water pollution index" (WPI), taking into account the specific pollutants that are
formed as a result of the activities of troops and forces of the Ministry of Defense of Ukrain.
Water quality is a characteristic of composition and properties of water that determines its
suitability for a particular water user. For an objective assessment of water quality, it is
necessary to determine a sufficient number of characteristics, the list of which varies (for
drinking water, surface water and wastewater); according to the regulations of characteristics,
they are divided into sanitary and hygienic characteristics, which do not affect the life and
health of humans and fisheries.

For hygienic assessment examine: the quantity of suspended solids; the amount of floating
substances; temperature; water index of pH; mineral structure; dissolved oxygen; biologically
complete consumption of oxygen (BCO), chemical oxygen demand (COD); the presence of
pathogens; the number lacto positive E. coli (LEC), the number coliphages in plaque forming
units; the presence of viable helminth eggs and intestinal; the number of chemical substances
[1].

For sanitary assessment of water the main parameters are the maximum permissible
concentration (MPC); approximately permitted levels of substances (APL); limiting the signs of
harm (sanitary-toxicological, general sanitary, organoleptic with details of its properties: smell,
affecting the color, foam and film, giving a taste); the hazard class of substances [1].

Another form of classification of water quality indexes is to divide them into general and
specific. General include indexes that are typical for all water bodies. The presence of specific
indexes is caused due to local natural conditions and peculiarities of anthropogenic impact on
the water body. Under this system, it is necessary to establish a list of pollutants arising because
of actions of troops (forces) of the Ministry of Defense of Ukraine.

The purpose of the work. To propose an improved method for hydro chemical
monitoring that means the establishment of specific pollutants, which are formed as a result of
the impact of technogenic load of military activities on the methodology of the WFD are
prioritized and included in the list of hazardous substances that pose a significant risk to the
aquatic environment as well as to obtain objective and reliable results of the ecological status of
water bodies.

THE RESEARCH METHODOLOGY

For improving the method of hydro chemical monitoring, we propose an integral method
to calculate the "Water pollution Index" WPL

IWP is an integral characteristic of water pollution, which may be used to determine the
category of water quality on the main pollutants of anthropogenic impacts based on MPC, given
pollutants, which arose in the course of military activities.

RESULTS OF EXPERIMENTAL STUDIES

Identify indicators differ for 7 categories that vary in size (table 1).
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Table 1. Categories of quality and characteristics of natural water in terms of
the water pollution index (WPI)

Quality category Size of IWP

I- very clean <0,2

II- clean >0,2-1

I1I- slightly polluted 1-2

IV- polluted 2-4

IV- dirty 4-6

VI- very dirty 6-10

VII — extremely dirty >10

On the territory of Yavoriv firing ground, there were selected a few water bodies with
regard to localization of a certain type of military techno genic load and were selected 5
samples, namely sample # 1 - the lake near the settlement of "Nemyriv", sample # 2 — the river
near the settlement of "Verbliany", sample # 3 - river "Ryki", sample # 4 - lake "Inzenerne", the
sample # 5 - the source of the "7 springs".

The ponds, from which samples No. 1-3 were taken, directly border with the places of shooting
training from all kinds of weapons, namely, tank brigades, artillery, and small arms. For assessing
the impact of the factor of life of the military camp were sampled from the lake "Inzenerne". Sample
5 — from the "7 springs", that is used as a source of drinking water, characterizes that the sample has
no direct influence of the military-technological load selected for comparison.

There were analyzed various samples of surface water of Yavoriv firing ground in
accordance with state requirements. There has been investigated the physical-chemical
parameters of water quality and a sanitary-hygienic assessment of the composition and
properties of natural waters, by identifying the main hydro physical and hydro chemical
parameters by the method [9] (table 2).

Table 2. Results of the research hydro physical and hydro chemical indicators of
surface water quality

The list of The The norm of | Sample | Sample | Sample | Sample | Sample
indicators measure the current Nol No2 Ne3 Neq No5
unit standard 2017 2017 2017 2017 2017
Smell marks not > 2 3,0 3,0 2,0 3,0 2,0
Taste marks not > 2 2,0 2,0 2,0 2,0 2,0
Color degrees not > 35 15-20 20 10 30 5
Transparency mg/dm3 not >1,5 1 1 0,5 2 0,5
pH mg/dm3 6,0-8,0 7,70 7,64 7,8 7,12 7,34
Hardness | ™MoV | 4,60 34 40 4,6 46
/dm3
Total iron mg/dm3 not >0,3 0,3 0,35 0,3 0,4 0,3
Sulfates mg/dm3 | not >500 16 15 24 53 20
Chlorides mg/dm3 | not >100 46 35 64 19 53
Ammonia mg/dm3 not >2.,6 2.4 2,7 1,5 3,0 1,2
Nitrites mg/dm3 | not > 0,002 0,07 0,01 0,01 0,02 traces
Nitrates mg/dm3 not >10 traces traces |unknown| traces 5,8
Phosphates mg/dm3 not >1 0,06 0,09 0,03 1,2 0,02
Free nitrogen | mg N/dm3| not>10 0,01 0,01 ur‘lf:o 0,01 1,3
Oxidation mg/dm3 not >5 9,6 8,8 6,9 25 6,2
Dry residue g/dm3 not >1 0,271 0,215 0,311 0,231 0,322
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RESULTS AND DISCUSSION

There was carried out the assessment of water quality according to the sanitary
characteristics, the which calculation was based on analysis of total applicable standard MPC
that included in the list of dangerous substances according to EU Directive and are the greatest
threat to the aquatic environment. The results of the research indicate that according to the
current MPC standard certain substances are exceeded. Such waters are considered as "dirty".

The concentrations of total iron was approached up to a critical boundary MPC which is
capable of forming complex organic compounds that stain the water yellow-brown shades, and
also indicates the concentration of mineral salts and gases, which give the water an unpleasant
smell and increasing sediment. This greatly affects the chemical-organoleptic characteristics
(odor and color).

Measured inflated rate of oxidation affirms about pollution by sewage. The exaggeration
of this index’s values indicates the presence of organic impurities, which are caused by oil
pollution, fuel lubricant materials (FLM), surface-active substances (SAS), oils, antifreezes and
other organic substances that are used during the exploitation of combat vehicles or other
military activities. Sample 4 is the most polluted in all the above mentioned characteristics.

There has been identified and analyzed hydro physical and hydro chemical parameters of
the water samples, whose values came near to the limit or more elevated, and its origin could be
invoked in the course of military activities. Such indicators are identified 6: total iron,
ammonia, nitrites, phosphates, biochemical oxygen demand and pH index.

The resulting list of substances, which may occur in the course of the activities of the
troops, was attributed to a number of specific, according to the varieties of forms of
classifications. Such pollutants are among the necessarily specific pollutants.

According to the standard formula (1) calculated and obtained value of IWP is 1.23.

6
IB3 =().C,/IJIK )/6,
(1)

where C; — the average for the year value of indicator (during the year measured at
least five times), MAC (I'’IK) — maximum allowable concentration of the pollutant, 6 —
the number of indicators which are assigned to specific.

CONCLUSIONS

There has been carried the assessment of water quality by integral method and assessed
the status of surface waters of Yavoriv firing ground and determined the quality of water in
2017. According to calculated MAC — water belongs to the III category of quality as moderately
polluted.

The research determined the list of pollutants taking into account to techno genic loads in
the course of military activities, namely: iron (Fe 2), ammonia (NH4), nitrite (NO2-) and
phosphate (PO43-) and physical- chemical characteristics of pH and oxidation.

The proposed integral method with the list of specific monitoring parameters will help to
improve the standards of environmental trends and to evaluate objectively the influence of
techno genic load of military activities for rapid response and minimize such influence.
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AHOTAIIS

METO/ OHEPATUBHOI'O OHIHIOBAHHSA AKOCTI BO/IHU 3
BPAXYBAHHSAM BILTUBY BIHCHKOBOI JISAJIBHOCTI

3rigHO 3 BOAHMM KOJEKCOM 3akoHy YKpaiHH, Ha OCHOBI HOPMATHBIB €KOJOTIYHOI
Oe3leKH BOJOKOPUCTYBAHHS Ta CKOJIOTIYHMX HOPMATHUBIB SKOCTI BOJHHX OO0’ €KTIB,
3MIACHIOETHCS MOCTIMHUIM EKOJIOTIYHHY MOHITOPHHI SKHA € OJHUM 13 HaHCKJIJIHINIUX BUJIIB
MOHITOPUHTY, MO 3JdIACHIOETBCS HA JIOKaJbHOMY, PETIOHAIBHOMY, HAIIOHAIBHOMY Ta
r00aJbHOMY DIBHSIX 1 3a0e3redye OpraHizaliio €IMHOI JepiKaBHOI CHCTEMH KOHTPOJIO Ta
aBTOMaru3auii cucteMu 300py, 00poOku iHdopmanii Hpo cTaH MNPHUPOAHUX PECYpPCIB,
OIIHIOBAaHHS TOTEHITIUTY PiBHS iX BUKOPUCTAHHS Ta iHBEHTApHW3aIii JpKEpeln iX 3a0pymHeHHS,
MOJICITIOBAHHS 3MiH €KOJIOTiTHOI CUTYyallii Ta po3po0Ka yHiBepCaTbHUX yIPABIIHCHKUX PIillICHb.

Cren(iyHAM ~ HANpPSAMKOM  €KOMOHITOPHHTY €  JOCHIDKEHHS  TEXHOT'CHHOTO
HaBaHTaxeHHs 00’ekTiB 30poiHuX cun Ykpainm (3CY), mo mepedyBaloTh y BIIACHOCTI
MinicTepcTBa 000poHH YKpaiHH, a TAKOXK B iX ONMEPATHBHOMY KepyBaHHI Ta TOCIIOAAPCHKOMY
BeJleHi. ABTOpaMH JOCIIDKEHO SKOJOTIYHY CUTYAIIII0 SKa CIIPUYWHEHa JisUTbHICTIO BIHCHKOBUX
00’€eKTIB, cepes SKMX HaWOUIbII 3a0pyTHEHUMH BBA)KAIOTHCS TIOJIITOHHM y HACEIEHHMX ITYHKTaX
SBopis, Capuu, Spmonunui, Bamuspka, Crapuyi, Bucoxka Iliu.

3 METOI YAOCKOHAJIECHHS METOJOAY TiAPOXIMIYHOIO MOHITOPUHTY HPONOHYETHCS
IHTErpaJIbHUH METO/1 PO3paxyHKy «IHaekcy BogHoro 3a0pyaHeHHs» IB3.

Ha repuropii SIBopiBchkOro moNiroHy oOpaHO JeKiibka BOJHI 00’€KTiB 3rigHO 3
BpaxyBaHHSAM JIOKaji3alii TNEBHOTO BHIY BiMChKOBOTO TEXHOTGHHOTO HABAaHTAXKCHHS Ta
BimiOpaHo 5 mpoo, a came: poda Nel — 03epo oGO3y HaceneHoro MyHKTy «Hemupis»; mpobda
No 2 — piuka moOau3y HacelleHOTO MyHKTY «BepOmsan»; mpobda Ne 3 — piuka «Puki»; mpoba
No 4 — o3epo «ImxeHepHEe»; mpoda Ne5 — mkepeno «7 IKepem».

Bomoiimu 3 sikux B3sTO Mpodu Nel-3 Ge3nocepeiHbO MEXKYIOTh 3 MIiCIISIMH BiIITPAIFOBAHHS
CTpiEO ycix BHUAIB O30pOEHHSA, a caMe TaHKOBUMH OpWIraJaMH, apTHICPIHCHKUMH
YCTaHOBKaMH, Ta CTpijienbkoi 30poi. 3 MeTOr0 OIiHIOBaHHS (HaKTOPY BIUIMBY KHTTEMISUTBHOCTI
BIHCHKOBOrO MicTeuka BiiOpaHo mpoOy 3 o3epa «Imxenepne». Ilpoba 5 — 3 «7 mkepen»,
BUKOPUCTOBYEThCS SIK  JDKEPENI0O MHUTHOT BOJAM, XapakTepusye TMpody sKa HeMae
0e3M0oCepeIHFOTO  BIUIMBY — BiICBKOBOTO-TCXHOTCHHOTO  HABAaHTAXKCHHsI  BimiOpaHa st
TIOPIBHSHHSL.

IIpoBeneHO OIiHIOBaHHS SIKOCTI BOAM 3TiHO CAaHITAPHUX XAPAKTCPUCTHUK PO3PAXYHOK
SIKUX TTPOBOJIMBCS HA OCHOBI aHAJII3y 3aralibHUX HOPM Jitouoro cranmapty ['JIK.

IIpo6a 4 € HaitbOinbIT 32a0pyIHEHOO 32 BCiMa BiAMIYEHUMH BHUIIEC XapaKTEPUCTUKAMHU.

BusnaueHno Ta mpoanHasizoBaHO Tigpodi3uyHi Ta TiIPOXIMIYHI MOKA3HUKHU JJIs BCIX TPOO
Ta OTPUMAHO MEPENTiK OCHOBHUX ITOKAa3HWKIB, 3HAUCHHS SKUX HalOiiblIe HaOMU3WINCH N0
TPaHWIHUX a00 JEIIO MiABUIICHUMH Ta 32 CBOIM IOXO/KEHHSM MOTJH O OyTH CIpUYMHEHI B
X0/l BINCHKOBOT AisUTBHOCTI. TakuX MOKa3HUKIB BUSBIICHO — 6: 3arajbHe 3alli30, aMiak, HITPUTH,
¢docdaru, okuCTIOBaHICTh Ta MOKa3HUK pH.
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IIpoBeneHo OmiHIOBAaHHS SKOCTI BOJM 1HTETPAJIbHUM METOJIOM Ta MPOBEIEHO OIIHIOBAHHS
CTaHy NMOBEPXHEBUX BOJ SIBOPIBCHKOTO IOJIITOHY Ta BH3HAYEHO KATETOPiI0 SKOCTI BOAM Ha
2017 pik. 3rimHo obuucnenoro IB3 — Boga Hanexuts 1o III kateropii SKOCTI — sSK MOMIpHO
3a0pynHEeHA.

B pe3ynbTati TOCHiIKCHb BU3HAYCHO MIEPEITIK MOIOTAHTIB 3 BpaXyBaHHSAM TEXHOTCHHOTO
HABAHTAXCHHS B XOJi BIfiCbKOBOI misutbHOCTI, a came: 3amizo (Fe™), amiak (NH,"), HITPUTH
(NOy) Ta dpocharu (PO43') a TakoX (Di3MKO- XIMiUHI TOKa3HUKU pH Ta OKUCITIOBAHICTS.

3anpornoHOBaHM IHTErPAILHUN METO]] 3 IEPEIIiKOM CIeHU(IYHUX MapaMeTpiB KOHTPOIIIO
JIO3BOJIMTH BJIOCKOHAIUTH CTaHIAPTH CKOJIOTIYHOTO CHPSIMYBAHHS Ta 00 €KTUBHO OIlIHIOBATH
BIUIMB TEXHOTCHHOI'0 HABAHTAKEHHS BIMCHKOBOI MiSJIBHOCTI JUIsi IIBHIKOTO pearyBaHHS Ta
MiHiMi3aIlil TaKOTO BILIUBY.
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STUDY OF WHEAT LEAF COMPOUNDS - AN EXAMPLE OF QTL
ANALYSIS

Abstract. This work describes the principle of quantitative trait loci analysis (QTL) -
statistical-genetic method, which combines genotypic and phenotypic data of plant organisms.
This method allows to determine the genetic basis of quantitative traits mainly in crops. On the
chosen example - analysis of leaf chlorophyll content in common wheat - we describe steps
necessary to perform such analysis. The plant material we used for this study was doubled
haploids (DH) population of common wheat (Triticum aestivum L.) The QTL analysis was
performed using the public available program: WinQTL Cartographer 2.5

Keywords: QTL, loci, common wheat, CIM, IM, SMA, Win QTL Cartographer

INTRODUCTION

Wheat (Triticum L.), beside barley, is classified as the oldest and most important crop in
the economy of cereal plants from the poaceae (Poaceae Barnh.) family, formerly called
grasses (Gramineae Juss.). It is a pioneer among crops in terms of production, quantity and total
sown area. In the EU, ordinary wheat occupies about 46% of the cereal area, which accounts for
47% of total cereal production. In addition, wheat is an important element in the total amount of
cereals, which totaled in the years 2014-2016 an oscillating result of 51% [10]. The wheat
obtained during the appropriate cultivation, according to available statistical data in 2009 in the
EU, reached a tonnage of 9790 thousand. tone, half of which was intended for consumption. As
a bread-making cereal, it has been with a man for unforgettable times. The temperate climate is
conducive to wheat crops, and the features, i.e. the relatively low labor intensity or ease of
transport, affect such a large area occupied by this type of grain [20]. The oldest evidence of the
cultivation of this cereal comes from archaeological excavations in the Middle East and is dated
to around 7000 BC. To Europe, wheat has reached in Neolithic, close to. 5000 years BC
Originally, wheat was grown by the ancient Romans, and successively gained popularity among
the cultures of ancient Greeks. On the territory of Poland wheat appeared between
1000-2000 BC, as evidenced by the traces of emmer wheat found in the Ojcowski caves [16].
Historically, wheat is allohexaploid (AABBDD), created thanks to two hybridizations. The first
took place between 0.5 and 3.0 million years ago between two diploid species, which were
provided with the genome "A" (Trittcum uratu) and the genome "B" (unknown species), as a
result of doubling the chromosome wild tetraploid wheat (Trittcum turgidum ssp. Dicoccoides,
AABB) was formed. The second hybridization occurred approx. 9,000 years ago. It should be
emphasized that domesticated forms of wheat belong to a significant and still growing number
of varieties [4].

Common wheat (Triticum aestivum L.) is currently considered as the basic source of food
and plays the most important economic role. The area occupied by common wheat exceeds 90%
of the total amount of wheat in the entire European Union, and the number of farmers
cultivating it is approx. 170,000. farms around the world, so more than 12% of all farms that
specializein the cultivation of various cereal varieties [2]. The purpose of modern common
wheat breeding is obtaining cereals enriched with various qualitative features and resistance to
disease. That is why every year to the The Polish National List new varieties with better
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quantities especially yield are added. In the case of winter cereals, also good winter hardiness is
important - a feature particularly desirable in our climate (more and more often in winter there
is no snow cover). Growers constantly improve new varieties in terms of: yield quality, as well
as many economic features, biotic - diseases, pests - and tolerance to abiotic stress - low and
high temperatures, lack and excess of rainfall, soil acidification, etc. [8] Currently grown
varieties are characterized by the highest level of yields among cereals, also by rich chemical
composition and specific grain properties, which affect a wide spectrum of use of common
wheat in the food industry mainly in the production of fresh bread and flour, and, although to a
lesser extent in industry feed, pharmaceutical and cosmetics [11].

The genome of wheat is one of the largest plant genomes, oscillates at 17 Gb and single
subgenomes are approx. 5.5 Gb. In 80% it consists of repetitive sequences, which made
accurate sequencing of the genome a serious challenge. After many years, the genome of wheat
has been fully sequenced [17]. This breakthrough is the reason for continuous production of
new varieties. Knowledge of the wheat genome helps in the biotechnological control of many
traits, among which the most commonly taken into account are resistance to pests or fungi, as
well as tolerance to biotic and abiotic stress. The above modifications significantly contribute to
more efficient agriculture [9].The possibility of using techniques, i.e. mapping or sequencing,
leads to an increase in production and quality of the sequence of wheat genes. Acquired
genomes allow for detailed analysis of wheat evolution, which can accelerate the characteristics
of genes that are designed to control the most important agronomic processes; above all
resistance to abiotic and biotic stresses [5].

QTL ANALYSIS

The derivation of new varieties with better features is possible, among others thanks to the
use of genetic mapping. The main basis for mapping is the fact that genes or molecular markers
segregate as a result of crossing-over (meyotic recombination) and it can be analyzed in the
descendant generation. As Mendel's second law says, alleles in loci located in different
chromosomes inherit independently of each other randomly creating all possible combinations
in the gametes. Genes or molecular markers that are located in the same chromosome are linked
and inherited jointly. The smaller the distance between them in the chromosome, the less likely
it is to cross-over and increase the possibility of common inheritance [18].

In the case of studies carried out with common wheat, genetic mapping is, among others, a
reference point on the basis of which individual contigs are ranked and attributed to specific
chromosomes. The distance dividing the linked genes or molecular markers on the genetic map
is expressed in centimorgans (cM), where 1 cM is defined as a place within the chromosome,
where crossing-over occurs only once in a hundred meiosis [3].

Mapping is also used for direct identification of candidate genes determining quantitative
traits mapped in QTL regions. Genes showing statistically significant linkage to the quantitative
trait phenotype are represented on the genetic map by the QTL region and are likely to control
analyzed traits. When positional candidates are identified in the QTL region, tools are used to
identify genes directly involved in the analyzed process, e.g. gene ontology analysis. The genes
thus identified may be sequentially introduced into another genetic background through marker-
assisted selection (MAS), which may have an impact on the significant shortening of the
process of deriving new forms with better agronomic values. Thus, QTL analysis in modern
science plays the role of a link between a functional trait and a marker. The vast majority of
phenotypic traits are determined by genes from different loci, i.e. a precisely defined area of the
chromosome on which the given gene is located, as a result, it may hinder the trait analysis [13].
Identification of genes that are responsible for quantitative traits - QTL is thus defined as a
statistical-genetic method that reveals the correlation between a genotype, which is visualized
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with the use of morphological, isoenzymatic and genetic markers [12], and the phenotype of
analyzed plants [19].

Assuming that a given gene may be responsible for more than one trait, due to the
visualization of quantitative features, the influence of loci on a given feature can be determined
with great precision. The first step to constructing high-density genetic maps is to derive the
mapping population preceded by the choice of parental forms. The material used was 90 lines of
doubled haploids - CSDH together with parental forms: CS and SQ1 of common wheat [6,7].
The mapping population is treated as a set of parental and recombinant genotypes in terms of
segregating loci. Recombination frequency, calculated on the basis of the recombinants number
present in the population, is used to calculate genetic distances between pairs of linked loci.
According to the literature, in practice, the number of individuals in the majority of analyzed
mapping populations varies from 50 to 250. The more numerous population, the greater the
chance of obtaining a high density map [1].

In phase 11-13 according to the BBCH scale (leaf development, 1-3 leaves visible) when
the plants reached about 15-20 cm, the material was cut, lyophilized (Free Zone 2.5 Labconco),
ground in a ball mill (Retsch MM400) and analyzed (Cary 300 UV-VIS , Agilent) for
chlorophyll content according to the methodology described by Lichtenthaler HK, Buschmann
C (2001) [14]. The obtained results were averaged. The subsequent results of chlorophyll a, b,
total chlorophyll content were used to work with the Win QTL Cartographer 2.5 program.
Individuals of the mapping population were sown and cultivated under controlled conditions:
8/12 L/ D, RH 60 * 5% and temperature 21° C.

WINQTLCARTOGRAPHER 2.5

The QTL analysis was carried out using freely available program the
WinQTLCartographer 2.5 (https://brcwebportal.cos.ncsu.edu/qtlcart/WQTLCart.htm). This
program allows for analysis using a number of statistical methods: SMA (Single Marker
Analysis), IM (Interval Mapping), CIM (Composite Interval Mapping), BIM (Bayesian Interval
Mapping), MIM (Multiple Interval Mapping), MTA (MultipleTrait Analysis) [15].

SMA analysis allows finding a link between a single marker and a phenotype. Average
values of traits for two groups of genotypes are compared. If there is a significant difference
between these values, it is considered that in the close location with the analyzed marker there
is a QTL affecting the examined feature. The IM analysis shows the linkage between
quantitative trait locus - QTL and markers limiting a given QTL interval on the genetic map.
Composite interval mapping - CIM allows to check the effect of QTLs at different intervals or
chromosomes, which increases the precision of their detection. Another method is the MIM
analysis that allows the reduction of QTLs interactions in one group of linkage. Thanks to this
method, the obtained results are free from errors flowing from the presence of QTL in other
regions of the chromosome. Testing the presence of QTL in a given map interval is done by
calculating the LOD value. The QTL is identified in the region determined by the peak of the
LOD curve, as long as it exceeds the critical value determined as a result of 1000 permutations.

The subsequent results of chlorophyll a, b, total chlorophyll content were used to work
with the Win QTL Cartographer 2.5 program. The next step was statistical analysis - analysis of
one-way variance, histogram (Fig. 1) and descriptive statistics. Thanks to statistical analysis, we
obtain information whether the differences between the lines are greater than within the line.

The program can work using text files, excel files or files in the format required by the
extension program: qrt, mcd.
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number of observations

0.11 0.13 0.15 0.16 0.18 0.20 0.21

chlorophyll "a" content [pg/ml]

Fig. 1. Chlorophyll "a"” content in the development phase of plant leaves in the CSDH
population of wheat

Fig. 1 Zawarto$¢ chlorofilu “a” w fazie rozwoju liSci roslin populacji CSDH pszenicy

In the case of Communications with the program using text files, before starting to work
with the program, 4 different text files containing data should be prepared, which will enable
the analysis (Fig. 2A — 2D).

Edycja Format Widok Pomoc
46
43
39
49

Fig. 2A. STEP 1

Plik Edycja Format Widok Pomoc

Xdupw@edb-1A [a)
Xcfa2lb3-1A
wPt-733361(6)
Xmb62pbd.5-1A
wPt-4676-1A
wPt-6280-1A(17)
wPt-731476(2)
tPt-5413-1A(4)
Xm51p65.5-1A
Xpsp3151-1A
wPt-5776-1A
wPt-3984-1A
Xm71p78.5-1A
wPt-731617(2)
m77ped.13-1A
Xbarcl4ag-1A
wPt-666822
wPt-7874-1A(17)
Hwmc278-1A
wPt-9429-1A
Xpsp38@3-1A
Xpsrl327-1A
wPt-665259
wPt-7838-1A(5) "

Fig. 2B. STEP 2
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Plik Edycja Format Widok Pomoc

8
5.646
5.646
5.646
6.0991
6.757
15.742
16.853
20.202
24.670
29.148
33.605
33.605
42,589
43.700
48.156
52.613
53.724
54.835
54.835
55.947
59.285
60.407
62.642 v

Fig. 2C. STEP 3

Plik  Edycja Format Widek Pomoc

t[ndyvidual genotypes chlorofilA "~
1 epopopORORERORORORERERERERRRR2222222222
600 ©80022222222222222222222808222222008000800808
2 *222222222222222222222%222222222222212122
222 22222222222222222222222222222260000006080
3 222222222%222222222222222222222222221222
222 0000000000060 2222222222200822222222222222
4 gpopopoRRRERERERERERERERERERERER2222222
@90 2222222%222220080022222222008222222222*%22
5 20000000 0R0OEOBOB22222222222222008000080080808
890 2222222222222222200600000022222%22222222
7 2222222222222060000000000*00*0000*P0BR*08
@90 ©0000002222222222222222222222222222221222
8 2222222222222222222222222222222268008000808
222 2222228*0000O0ORERERERRERRB22222%22222222
9 2222222220600000000000000000000000000008028
g0* 0POOOOOOOOORO0O0O00GR2222200002222222208
1e gpopopoR0RRERERERERERERERERERERERERERBR
eeee 222000000000000000600800800802222222222222
11 epe00ERRRO222222222222222222260080"00@0>"08
2222 20000**000000000GRERERERERERE222%222222
13 900000 0B00OO222222222222222222222222221222
< >

Fig. 2D. STEP 4

A file containing information on the number of markers on given chromosome —
"STEP 1". We have 21 chromosomes (1A — 7D) — left column, number of markers on a given
chromosome — right column. For example, chromosome 1A has 46 markers. Information
obtained from the molecular map of the wheat genome.File containing information about
markers (name of markers) - "STEP 2". The order of markers on chromosomes — the first
marker of chromosome 1A — Xdupw004b, the second marker of chromosome 1A — Xcfa2153,
etc.File containing information on the marker position on the chromosome (in cM) - "STEP 3".
The first marker of the first and each subsequent chromosome has the position 0 (cM). The
marker of the second chromosome of the first has the position of 5.646 (cM). A file containing
a genetic map and phenotypic data - "STEP 4”".After preparing the text files, you can proceed to
the analysis in WinQTLCartographer 2.5. After starting, the main window of the program
appears (Fig. 3), from which we select New.
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TO WORK WITH DATA FILES
A. Click the NEW, OPEN or IMPORT buttons to create, open, or import source data files
1. NEW: to build a new WinQTLCart source file from prepared raw data files
2. OPEN: to open an existing WinQTLCart source file (*.mcd)
3. IMPORT: to import data files with other formats (.inp, .crof.map, .raws.mps, .xls)
B. Select File-Simulation to create a simalation source dataset
TO WORK WITH RESULT FILES

Click the RESULT button. select View-Visualize Result. or select File-Open
to open a mapping result file (*.qrt)

Note: Double-click on a tree item in the left pane of this window to open a file,

For Help, press F1 NUM Mon, Jan 29, 2018 [3:02 PM

Fig. 3. Main window of the program WinQTLCartographer 2.5

A window will be displayed Create New Source File — Basic Information — Step 1 of 6
(Fig. 4).
2
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Fig. 4. Window Create New Source File — Basic Information — Step 1 of 6

The following data should be completed:

¢ We introduce the number of chromosomes — in our case 21,

¢ We introduce the number of analyzed features — in our case 1,

¢ We introduce the number of other features — in our case 0,

*  We introduce the number of samples — in our case 90,

e In the Cross type window, selected the experimental design option based on the data.
Can be chosen: B1 — Backcross, with 1=parental line to which the F1 line was crossed.
B2 — Backcross, with 2=parental line to which the F1 line was crossed. Ri0 —
Recombinant inbred line, derived by doubled haploid lines. Ril — Recombinant inbred
line, derived by selfing. Ri2 — Recombinant inbred line, derived by sib mating. SF —
Selfed intercross line. Enter an integer indicating the generation. Limit of 2. RF -
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Randomly mated intercross line. Enter an integer indicating the generation. T(B1)SF —
Test cross, with genotyping done on an intercross (SF) and phenotyping on a cross
(B1) derived from that intercross. Enter an integer indicating the generation. T(B1)RF
— Test cross, with genotyping done on an intercross (RF) and phenotyping on a cross
(B1) derived from that intercross. Enter an integer indicating the generation. T(B2)SF
— Test cross, with genotyping done on an intercross (SF) and phenotyping on a cross
(B2) derived from that intercross. Enter an integer indicating the generation. T(B2)RF
— Test cross, with genotyping done on an intercross (RF) and phenotyping on a cross
(B2) derived from that intercross. Enter an integer indicating the generation. In our
case Ri0.

Choose Next.

A window will be displayed Create New Source File — Map Information 1 — Step 2
of 6 (Fig. 5).
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Fig. 5. Window Create New Source File — Map Information 1 — Step 2 of 6

The click Browse, selected the previously prepared "STEP 1” file from the Open window >
Send Data > Next > Browse > ,,Step 2” > Send Data > Position (Fig. 6).
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Fig. 6. Window Create New Source File — Map Information 2— Step 3 of 6
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Fig. 7. Window Create New Source File — Map Information 1 — Step 4 of 6

Next > Browse >,,Step 4 > Send Data >Next > Finish (Fig. 8).
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A message will appear asking you to create and save the data file. Click OK. (Fig. 9).

Next, the program window appears (Fig. 10) containing:

Menu - 1.

Toolbar — access to the main program options — 2.

Tree Pane — file management, displays and organizes files — 3.
Data Pane — displays the data of the currently selected file — 4.
Form Pane — shows available analytical methods — 5.
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In this window, choose the method that we want to perform (in our case,
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Fig. 10. Window WinQTLCart — Source Data

Mapping to detect markers coupled with a feature) and click GO (Fig. 11).
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Fig. 11. Window WinQTLCart - Source Data - Analysis

Zor Help, press F1

Obtained results can also be presented graphically by clicking Graphic. A message appears
storing information. Click Save.
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Fig. 12. Window showing the Graph for QTL Mapping Result

In the window thet appears (Fig. 12) on the Menu bar, click Tools > Show QTL
Information > Automatic location QTLs > OK. We have here various options for graphic

representation of results. We can present all or a selected (one) chromosome, present one or
several features, etc.

The peak of the graph that exceeds the threshold Line is the place of QTL (Fig. 13).
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RESULTS

In the next step, click File > Save as EQTL File > Save. After opening the saved file, we
obtain accurate information on the obtained QTL (Fig. 14).

P (ayoge Fossat  Wisoh  Pomax
S91Ea8aT) -filetype Eqtl.out A

Windows QTL Cartographer v. 1.5, August 27
This file was created by “Save as EQTL File' in result graph window...

The creation date and Time 1: 2t Tue Jan 3 16:04:28 }18

® The following 1s for Bypothesis test 10 and Imapgt]l model &
L ]

# Mere iz the data on the QTLS...

L]

-t i is the nusber of tralts

.

L]

K 5

® for tralt -nemed chlorofilA which i3 -resber 1

L

L] ? ..Chrom,. Marke, Position, L0D Score, JAdditive. Dominance.
i 2 % 171, 6 2.88711 0.0 @, 00

M QTLl  QTL2  Type Value

L]

L

']

Fig. 14. Information on the obtained QTL (eQTL file)

With the other analyzes available in the program, eg. Single Marker Analysis (Fig. 10), we
take the same steps.

In order to identify the obtained QTL, several parameters are used: the position of the
most linked marker (cM), i.e. located closest to the maximum LOD curve peak, additive effect
— a (determines by what value the allele decreases or increases the value of the trait) and the
coefficient of determination (R?), which determines the percentage of variation in the trait that
remains under the control of the given locus. As a result of the CIM analysis, QTLs are
detected — One chosen example of QTL analysis is presented in the Tab. 1 (Table 1). A LOD
threshold above 2.5 indicates the localization of QTL.The QTLs is located on the chromosome
2A on the 171.568 cM position. The closets marker is wPt-1108, the LOD value is 2,8871.
Additive effect can have positive or negative values. When the value is positive it means that
allele from first parent (in our case CS) increases the value of the trait, when it is negative it
means that allele from the second parent (in our case SQ) increase the value of the trait. In our
example additive effect came from SQ. The determination factor is 12,4 % which means that
this loci explains about 12 percent of the analyzed trait variation.

Tab. 1. Location of QTL chlorophyll "a” obtained by the CIM method.

Trait Chromosome Marker QTL LOD a R’ (%)
position value
[cM]
Chlorophyll
"2 content 2A wPt-1108 171.568 | 2.8871 | 0.007 | 12.14

LOD - logarithm of odds, a — additive effects, R® - determination factor
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CONCLUSION

In conclusion, after the QTL analysis with Win QTL Cartographer, it is possible to obtain
QTLs connected with the tested trait for example with the chlorophyll content in common
wheat. The localization of QTLs indicates potential places in the genome associated with trait
analyzed .Nowadays, one of the goal of genetic research is looking for relationship between
genetic information (e.g. markers, genes) and functional traits (e.g. yield, resistance to biotic
and abiotic stress) QTL mapping brings the possibility to find markers associated with
quantitative traits, that are difficult to introduce in lines or varieties by traditional breeding or
transgenic strategies. After QTL analysis selected markers can be converted, if necessary, to
low-time and low-cost consuming form and validated on breeding materials. Markers after
conversion and validation can serve in marker assisted selection (MAS) as an excellent tool for
breeders.

10.

11.

12.
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STRESZCZNIE

BADANIE ZWIAZKOW LISCI PSZENICY - PRZYKEAD ANALIZY
QTL

Podstawowym zbozem uprawianym w warunkach Polski jest pszenica. Zajmuje ona
najwigkszg powierzchni¢ upraw, roczne zbiory siegaja 9 min ton. Gtéwnym gatunkiem jest
pszenica zwyczajna Triticum aestivum ssp. vulgare, zwana tez pszenicg migkka. Popularno$¢
uprawy tej ro§liny w naszym kraju polega na szerokim zastosowaniu zebranego ziarna, duzych
mozliwo$ciach produkcyjnych w warunkach klimatycznych i glebowych Polski oraz na tym, ze
jest ona zbozem towarowym. Obecnie, aby otrzymaé najbardziej satysfakcjonujace plony,
uprawa kazdej roSliny rolniczej wymaga prowadzenia réwnoczesnej selekcji pod wzgledem
wielu cech. Identyfikacji loci cech iloéciowych mozna dokonaé przy uzyciu odpowiednich
markeréw genetycznych za pomocg obliczania potozenia QTL (Quantitative Trait Loci — locus
cechy ilosciowej). QTL to dajace si¢ zlokalizowa¢ markery genetyczne, ktére sa S$cisle
sprzezone z genami kontrolujgcymi interesujace nas cechy. Jednym z wazniejszych celéw
badan genetycznych jest wyszukiwanie zwigzku migdzy informacja genetyczna, a cecha
uzytkowa. Mapowanie QTL pozwala na znalezienie markeré6w zwigzanych z cechami
ilosciowymi, ktére sg trudne do wprowadzania w liniach lub odmianach poprzez zastosowanie
tradycyjnych metod hodowlanych. Po identyfikacji marker6w w regionach QTL dochodzi do
identyfikacji genéw, ktére sg bezposrednio zaangazowane w analizowany proces. Niniejsza
praca opisuje zasad¢ metody statystyczno-genetycznej jaka jest analiza loci cech ilo§ciowych
QTL stuzacg do uwidocznienia powigzan migdzy fenotypem a genotypem organizmoéw
ro$linnych. Metoda ta umozliwia okre$lenie genetycznego podtoza cech iloSciowych gtéwnie u
ro§lin uprawnych. Na wybranym przyktadzie — analiza zawarto$ci chlorofilu w liSciach
pszenicy zwyczajnej opisano kolejne kroki niezbedne do wykonania takiej analizy przy
zastosowaniu  jednego z  ogdlnodostgpnych  programéw  komputerowych — —
WinQTLCartographer 2,5. WinQTLCart jest kompatybilny z systemami Windows 95, 98, ME,
NT, 2000, XP i Windows 7. Ze wzgledu na to, ze niektére karty WinQTLCart s3 duze,
sugerowana minimalna rozdzielczo$¢ powinna wynosi¢ 1024x768. Na dysku zalecane jest
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minimum 20MB wolnej przestrzeni i 512 MB RAM. Mozna importowaé dane
z MapMaker/QTL, QTL Cartographer, i z Microsoft Excel. Do badan wykorzystano materiat
ro§linny — pszenic¢ zwyczajna (Triticum aestivum L.), ktora stanowita populacja podwojonych
haploidéw (DH) pochodzaca z krzyzéwki Chinese Spring (CS) x SQI. Rodliny w fazie
11-13 BBCH S$cigeto nad koleoptylem, zliofilizowano i poddano badaniom na zawarto$¢
chlorofilu. Na podstawie obliczen sporzadzono histogram, statystyk¢ opisowa oraz
przeprowadzono analizy wariancji jednoczynnikowej, w celu weryfikacji réznic pomigdzy
analizowanymi liniami i w obrebie samych linii. Do przeprowadzenia analiz QTL , w celu
wskazania lokalizacji QTL na chromosomach wykorzystano metod¢ mapowania
kompozytowego (ang. Composite Interval Mapping — CIM) pozwalajacag na wykrycie QTL
z duza precyzja.
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TREES SPECIES VARIETY AND THEIR TAXATION INVENTORY IN
A RECREATION PARK IN TRUSKAVETSKA STREET, DROHOBYCH

Abstract. The recreation park situated in Truskavetska street, Drohobych is a landmark of
local garden art. Its territory occupies 2 hectares.

Due to the increase in the city number and the development of manufacturing industry, the
issue of environmental protection and creation of normal conditions for human being is
becoming increasingly serious. In recent decades, the negative impact of a man on the
environment, in particular on greenery, has increased [15].

The results of the analysis of the dendflora of the recreation park in Truskavetska street,
Drohobych introduced in the article were found in the park on the basis of literature data and
personal research.

Deciduous trees are ascertained to be the prevailing in the park. Their quantity is 92.8 %
of the total number of all trees. The rest 7.2% belong to evergreens. We have found that most of
the trees in terms of phytosanitary characteristics are characterized by a good and satisfactory
condition. There was investigated that the estimation of the relative total tree density indicates
that the vital condition of the park is weakened.

Key words: inventory, green plantations, landscaping, species and quantitative
composition of green plantations, dendroflora, urboecosystem, phytoncide properties.

INTRODUCTION

The problem of preservation and protection of biodiversity as an integral component of the
natural environment has become urgent nowadays. Due to a variety of reasons, this problem
become particularly severe for Ukraine that is caused by anthropogenic transformation
threatening to health and life [4; 5].

Modern city embodies an urban ecosystem an integral component of which are green
plantations. They meet the growing need of people in communicating with nature and are the
means of preserving the natural environment in urban cities. Green plantations are very
important, as they create favourable conditions for life in the urban ecosystem.

Green plantations play an important role in weakening as well as in neutralization of the
negative impact of the industrial areas on urban residents and environment components. They
provide reduction in sound waves intensity, regulation of wind, dust, wind, and gas streams,
improvement of the atmospheric basin by minimizing the concentration of dust and toxic
substances in the air, formation of a comfortable microclimate, etc.

Taking into consideration a great role of green plantations in the urban environment, it is
necessary to study dendroflora in a comprehensive manner, to inventory and assess the
condition of the plants in the city parks in order to elaborate recommendations for their care and
reconstruction. Inventory of objects of the green industry, which is aimed at protecting and
preserving green plantations in urban cities and towns in a healthy and regulated condition,
makes it possible to determine the biological and phytosanitary condition of tree plants, to
assess the impact of anthropogenic factors on the stage of green plants, and to understand
changes in the landscape object [3; 6; 13].

The purpose of our research was to study the species diversity and carry out tax inventory
of the trees of the recreation park in Truskavetska street, Drohobych.
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PURPOSE OF THE RESEARCH

Inventory of plantings was carried out during full-scale inspections and field explorations.
The inventory was carried out in accordance with the requirements of the “Instructions for the
technical inventory of green plantations in urban cities and towns of Ukraine” [17]. During the
survey, the following indicators were analysed: species composition, diameter of the barrel,
estimated age [9], phytosanitary condition.

When carrying out the tax inventory, we have investigated the general stand of the green
plantations.

The following formula was used to calculate the stand condition:

an (100 n+ 70 np+ 40 nz+ 5 n4) / N,

where L, is relative state of the the stand, calculated by the number of trees; n; is a number
of healthy trees, n, are weakened trees, n; are extremely weakened, n, are dying trees of the
territory; N is a total number of trees (including dry) territories [19].

Field explorations were used to determine the species composition of tree plants (a
detailed route of inspections was drawn up); the definition of green plantings according to plant
determinants has been carried out. The diameter of the barrel was determined with the help of a
forest metric fork at 1.3 m altitude in field conditions.

RESEARCHES RESULTS AND THEIR DISCUSSION

There are 251 specimens belonging to 17 species, 15 genera and 11 families according to
the results of the research of the park dendroflora. The found species of the tree are as the
following: 1.

Table 1. Specific and quantitative composition of the recreation park dendroflora
in Truskavetska Street, Drohobych

(] Species name Plants quantity,
s/ English Latin unit.

1 Silver birch (Betula pendula) 44
2 Weeping birch (Salix babylonica) 5

3 Wych elm (Ulmus glabra) 5
4 Horse-chestnut (Aesculus hippocastanum) 18
5 Common hornbeam (Carpinus betulus) 59
6 Single-seeded hawthorn (Crataegus monogyna) 3

7 Common oak (Qurcus robur) 5

8 Northern red oak (Quercus rubra) 2
9 Sycamore (Acer pseudoplatanus) 6
10 Box elder (Acer negundo) 7
11 Small-leaved lime (Tilia cordata) 50
12 European larch (Larix decidua) 1
13 Black locust (Robinia pseudoacacia) 1
14 Black poplar (Populus nigra) 20
15 Northern white-cedar (Thuja occidentalis) 4
16 Norway spruce Norway spruce 13
17 European ash (Fraxinus excelsior) 8

Total number: 251
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You can see from the table that in the park predominate: Common hornbeam
(59 exemplar, 23,5%), Small-leaved lime (50 exemplar, 20%), Silver birch (44 exemplar,
17,5%). Three species are represented by the number of plants from 11 to 20 specimens, three
species have from 6 to 10 specimens, eight species have from 1 to 5 specimens. The most
common in the park are deciduous trees, which make up 92.8% of the total number of all trees,
7.2% belongs to evergreens, among which the dominant representative is Norway spruce -
5.2%. Researches show that the proportion of conifer trees is very low, but the expansion of the
assortment of evergreen trees would provide high decorative function and air saturation with
phytoncides at any time of the year.
11 families form the leading part of the family spectrum in the number of species. Quantitative
composition of species in families is given in fig. 1.
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Fig. 1. Quantitative composition of species in families

We made a tax inventory [17] and measured: diameter, approximate age [9; 10] and the
condition of green plantations in the park. Based on these data there was studied the condition
of each tree and there were developed measures to improve them. Materials of taxation
inventory of park trees are presented in Table 2.

Table 2. Taxation indicators of green areas of the recreational park territory
in Truskavetska street, Drohobych

Ne Species Diameter, | Approximate Condition Improvement
s/n (English, Latin) cm age, years measures
1 2 3 4 5 6
1 Common oak 102 150 satisfactory
(Qurcus robur)
2 Box elder 46 30 unsatisfactory Cutting down
(Acer negundo) (emergency)
3 Common oak 76 130 good
(Qurcus robur)
4 Black locust 66 90 unsatisfactory Cutting down
(Robnia pseudoaccia)
5 European ash 26 80 satisfactory
(Fraxinus excelsior)
6 Common hornbeam 44 75 satisfactory
(Carpinus betulus)
7 Common hornbeam 28 80 satisfactory
(Carpinus betulus)
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8 Small-leaved lime 36 100 good
(Tilia cordata)
9 Small-leaved lime 44 110 good
(Tilia cordata)
10 Common hornbeam 36 30 good
(Carpinus betulus)
11 Common hornbeam 56 80 good
(Carpinus betulus)
12 Silver birch 50 120 unsatisfactory Cutting down
(Betula pendula)
13 Norway spruce 36 130 unsatisfactory Cut down
(Picea abies) (extinct)
14 Silver birch 46 115 unsatisfactory Cutting down
(Betula pendula)
15 Silver birch 42 110 unsatisfactory Cutting down
(Betula pendula)
16 Small-leaved lime 20 60 good
(Tilia cordata)
17 Small-leaved lime 26 60 good
(Tilia cordata)
18 European ash 36 100 good
(Fraxinus excelsior)
19 Silver birch 38 98 unsatisfactory Cutting down
(Betula pendula)
20 Small-leaved lime 32 96 good
(Tilia cordata)
21 Silver birch 26 86 unsatisfactory Cutting down
(Betula pendula) (emergency)
22 Small-leaved lime 50 120 good
(Tilia cordata)
23 Silver birch 56 120 unsatisfactory Cutting down
(Betula pendula)
24 Small-leaved lime 40 100 good
(Tilia cordata)
25 European ash 72 120 good
(Fraxinus excelsior)
26 European ash 70 120 good
(Fraxinus excelsior)
27 Box elder 36 98 unsatisfactory pruning
(Acer negundo)
28 Box elder 50 110 good
(Acer negundo)
29 Silver birch 46 110 unsatisfactory Cutting down
(Betula pendula)
30 Box elder 84 130 satisfactory
(Acer negundo)
31 Silver birch 42 110 unsatisfactory Cutting down
(Betula pendula)
32 Small-leaved lime 34 100 good
(Tilia cordata)
33 Small-leaved lime 30 100 good
(Tilia cordata)
34 Small-leaved lime 34 100 satisfactory
(Tilia cordata)
35 Norway spruce 24 80 good
(Picea abies)
36 Box elder 52 110 satisfactory
(Acer negundo)
37 Norway spruce 26 120 good
(Picea abies)
38 Small-leaved lime 66 120 good

(Tilia cordata)
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39 Horse-chestnut 78 100 good
(Aesculus hippocastanum)
40 Sycamore 62 100 satisfactory
(Acer pseudoplatanus)
41 Horse-chestnut 62 96 good
(Aesculus hippocastanum)
42 Small-leaved lime 56 120 satisfactory
(Tilia cordata)
43 Small-leaved lime 32 98 satisfactory
(Tilia cordata)
44 Small-leaved lime 34 100 unsatisfactory arboriculture
(Tilia cordata)
45 Small-leaved lime 46 110 unsatisfactory pruning
(Tilia cordata)
46 Common hornbeam 48 90 good
(Carpinus betulus)
47 Black poplar 98 120 good
(Populus nigra)
48 Weeping birch 44 56 unsatisfactory pruning
(Salix babylonica)
49 Silver birch 40 110 unsatisfactory Cutting down
(Betula pendula) (emergency)
50 Silver birch 34 98 unsatisfactory Cutting down
(Betula pendula) (emergency)
51 Silver birch 36 98 unsatisfactory Cutting down
(Betula pendula)
52 Silver birch 32 94 unsatisfactory Cutting down
(Betula pendula) (emergency)
53 Silver birch 34 94 unsatisfactory Cutting down
(Betula pendula)
54 Silver birch 26 86 unsatisfactory Cutting down
(Betula pendula)
55 Silver birch 30 92 Good
(Betula pendula)
56 Silver birch 20 70 Good
(Betula pendula)
57 Silver birch 46 115 satisfactory
(Betula pendula)
58 Silver birch 36 94 Good
(Betula pendula)
59 Silver birch 26 86 satisfactory
(Betula pendula)
60 Weeping birch 90 110 unsatisfactory pruning
(Salix babylonica)
61 Small-leaved lime 36 100 unsatisfactory Cutting down
(Tilia cordata)
62 Small-leaved lime 28 90 unsatisfactory Cutting down
(Tilia cordata) (emergency)
63 Common hornbeam 38 80 Good
(Carpinus betulus)
64 Common hornbeam 30 75 unsatisfactory pruning
(Carpinus betulus)
65 Black poplar 102 122 Good
(Populus nigra)
66 Small-leaved lime 26 90 Good
(Tilia cordata)
67 Small-leaved lime 30 94 Good
(Tilia cordata)
68 Common hornbeam 38 80 satisfactory
(Carpinus betulus)
69 Wych elm (Ulmus glabra) 28 90 Good
70 Common hornbeam 48 90 satisfactory

(Carpinus betulus)
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71 Common hornbeam 62 96 Good
(Carpinus betulus)
72 Small-leaved lime 36 98 unsatisfactory pruning
(Tilia cordata)
73 Common hornbeam 70 98 Good
(Carpinus betulus)
74 Common hornbeam 56 92 Good
(Carpinus betulus)
75 Small-leaved lime (Tilia cordata) 48 110 Good
76 Wych elm (Ulmus glabra) 24 90 satisfactory
77 European ash (Fraxinus excelsior) 46 110 satisfactory
78 Small-leaved lime (7ilia cordata) 40 110 unsatisfactory pruning
79 Small-leaved lime (Tilia cordata) 28 80 unsatisfactory arboriculture
80 European ash (Fraxinus excelsior) 34 90 unsatisfactory Cutting down
81 Small-leaved lime (Tilia cordata) 34 98 satisfactory
82 Horse-chestnut (Aesculus 48 88 satisfactory
hippocastanum)
83 Wych elm (Ulmus glabra) 34 96 unsatisfactory pruning
84 Small-leaved lime (Tilia cordata) 50 120 unsatisfactory pruning
85 Small-leaved lime (Tilia cordata) 32 90 Good
86 Common hornbeam 40 90 Good
(Carpinus betulus)
87 Common hornbeam 28 80 Good
(Carpinus betulus)
88 Small-leaved lime 28 85 unsatisfactory Cutting down
(Tilia cordata) (extinct)
89 Common hornbeam 30 80 unsatisfactory Cutting down
(Carpinus betulus)
90 Small-leaved lime (Tilia cordata) 32 86 unsatisfactory pruning
91 Small-leaved lime 22 70 satisfactory
(Tilia cordata)
92 Norway spruce (Picea abies) 32 115 satisfactory
93 Small-leaved lime 26 70 satisfactory
(Tilia cordata)
94 Small-leaved lime 36 100 unsatisfactory pruning
(Tilia cordata)
95 Small-leaved lime 46 110 unsatisfactory pruning
(Tilia cordata)
96 Common hornbeam 82 120 satisfactory
(Carpinus betulus)
97 Box elder (Acer negundo) 28 80 Good
98 Common hornbeam ( 28 80 unsatisfactory pruning
Carpinus betulus)
99 Common hornbeam 40 90 satisfactory
(Carpinus betulus)
100 Small-leaved lime (7ilia cordata) 22 70 unsatisfactory pruning
101 Small-leaved lime(7ilia cordata) 28 70 Good
102 Small-leaved lime (Tilia cordata) 42 110 Good
103 Single-seeded hawthorn 34 40 Good
(Crataegus monogyna)
104 Northern red oak (Quercus rubra) 36 100 Good
105 Northern red oak (Quercus rubra) 36 100 Good
106 Common oak (Quercus rubur) 28 80 Good
107 Northern white-cedar 8 30 unsatisfactory Cutting down
(Quercus rubur)
108 Common oak (Qurcus robur) 32 94 Good
109 Small-leaved lime (Tilia cordata) 26 70 Good
110 Small-leaved lime (Tilia cordata) 28 70 Good
111 Small-leaved lime 40 110 unsatisfactory Cutting down
(Tilia cordata) (extinct)
112 Small-leaved lime (Tilia cordata) 46 110 Good
113 Box elder (Acer negundo) 28 80 satisfactory
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114 Single-seeded hawthorn 28 35 satisfactory
(Crataegus monogyna)
115 Single-seeded hawthorn 26 35 satisfactory
(Crataegus monogyna)
116 Common oak (Qurcus robur) 84 110 Good
117 Common hornbeam 56 94 Good
(Carpinus betulus)
118 Common hornbeam 56 94 Good
(Carpinus betulus)
119 Silver birch (Betula pendula) 58 120 satisfactory
120 Norway spruce (Picea abies) 48 140 Good
121 Norway spruce (Picea abies) 48 140 satisfactory
122 Silver birch (Betula pendula) 46 115 satisfactory
123 Silver birch (Betula pendula) 50 120 unsatisfactory Cutting down
124 Silver birch (Betula pendula) 34 98 satisfactory
125 Northern white-cedar 24 satisfactory
(Quercus rubur)

Quantitative characteristics of tree plants by categories of phytosanitary condition of
plantations gave the following results (fig. 2)

B Good B Satisfactory

Picture 2. Distribution of dendroflora according to phytosanitary condition

There are 102 trees (41%) of the total number of plants that do not show signs of
weakening. 78 trees (31%) are characterised by the satisfactory condition. 71 trees (28%) are
characterised by the unsatisfactory condition. The following characteristics are common for
them: weakness, distorted trunks, poorly developed crowns; there are dry and damaged
branches, damaged trunks, hollows, small quantity of the leaves on the branches [2; 17].

According to the calculation of the stand condition [19], the index of the relative living
condition of the park stand is 71.8%, which can be assessed as "weakened".

The species variety of the park trees is poor, therefore, it needs to be complemented by a
range of interesting trees (Ginkgo tree (Ginkgo biloba), Douglas-fir (Pseudotsuga Menziesii),
Saucer magnolia (Magnolia Soulangeana)). The following types of trees are proposed when
performing protective landscaping:

- for noise protection — Norway maple, Redhaw hawthorn, Siberian peashrub;
- for gas protection — Striped maple, Honey locust, White mulberry;
- for dust protection — Chinese elm, White willow, Silver maple, Ash, White mulberry.

CONCLUSIONS

During the dendroflora research in recreation park in Truskavetska Street, Drohobych,
the following conclusions are made:

The park dendroflora is characterized by a poor species variety of 251 specimens of tree
plants growing on its territory,
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Which are of 17 species, 15 genera and 11 families. Common hornbeam (Carpinus betulus),
Small-leaved lime (Tilia cordata), Silver birch (Betula pendula) are the dominant species. The
most numerous are Birch family (Betulaceae) - 103 exemplars, Tiliaceae family (Tiliaceae) —
50 exemplars, Soapberry family (Sapindaceae) - 31 exemplars, Sallows (Salicaceae) —
25 exemplars.

The most common in the park are deciduous trees, which make up 92.8% of the total
number of all trees. 7.2% belong to evergreens, among which the main representative is
Norway spruce — 5.2%.

Green plantations play an important role in the system of external improvement of cities;
they create highly artistic architectural and landscape complexes that play an important
aesthetic function. In addition to this, they reduce the quantity of dust and smoke in the city air,
as a peculiar filter, affecting the formation of a comfortable microclimate.

On the phytosanitary basis, most of the trees are characterized by a good and satisfactory
condition. Nearly 20 trees are dry stands of the past years, which require to be cut down and
replaced.

The assessment of the relative total stands indicates that the vital condition of the park is
weakened.

On the basis of the condition analysis of the recreation park tree plantations in
Truskavetska street, Drohobych, the following recommendations were elaborated:

- to diversify the species variety of the tree plants, especially representatives of
gymnosperms;

- to rejuvenate old and dying plantations;

- keep to the rules and techniques of tree care.
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AHOTANIA

BUJOBA PI3BHOMAHITHICTD I TAKCALIIFIHA IHBEHTAPU3ALIIS
JIEPEB ITAPKY BIIIMIOYNHKY HA BYJHII TPYCKABEIBKII
M. IPOTOBUY

IIpobnema 30epexeHHs Ta OXOPOHH OIOPI3HOMAHITTS SK HEBiJ €MHOTO KOMIIOHEHTa
MIPUPOJTHOTO Cepe/oBHIa HaOyJla ChOTOMHI HEBITKIQJIHOT aKTyalbHOCTI. I3 pi3HMX HpUINH
0COOJIMBO TOCTPOIO I MpodiieMa craia sl YKpaiHd, mo OOYMOBIIEHO 3arpO3JUBUMU IS
3JI0pOB’S 1 )KUTTS MacIITabamMu aHTPOIOTeHHOI TpaHcopmMartii [4; 5].

CyuacHe MicTO — [e ypOOEKOCHCTeMa, HCBIIEMHUM KOMIIOHCHTOM SIKOi € 3€JICHI
HacapKeHHs. BoHN € 3acobamu 30epeskeHHs IPUPOAHOIO0 CepeJoBUIa B ypOaHi30BaHUX MicTax
1 BIIMIOBIIAIOTh 3pOCTar0Uiil moTpeOi JIFoIeH B CIUIKYBaHHI 3 MPUPOJIO0. 3elicHI Haca PKCHHS —
€ JIy)KE€ BaXKJIMBI, OCKIJIBKM CTBOPIOIOTH CHPUSTIMBI YMOBH [UISl JKUTTERISUIBHOCTI B MICBKIH
€KOCHCTEMI.

[Mapx BimnmoumHky Ha Byid. TpyckaBeupkiii M. [lporobwd — € mam’sTKOI CaJloBO-
[IapKOBOT'O0 MHCTELTBA MICLIEBOTO 3HAYCHHSI, TEPUTOPIS SIKOTO CTAaHOBHUTH 2 Ta. [3 3pocTaHHAM
YUCENLHOCTI MiCT, PO3BHTKOM MPOMHUCIIOBOCTI, CTa€ BCE OiJIBIII CKIAIHOIO MPOOJIeMa OXOPOHHU
HaBKOJIMIITHEOTO CEPEIOBHINA, CTBOPEHHS HOPMAJIBHUX YMOB IUIS JKUTTS 1 AisTIBHOCTI JIIOTUHH.
B ocTanHi OecATHITITTS TOCHINBCS HETAaTUBHUN BIUIMB JIIOAMHN Ha HABKOJHIIHE CEPEIOBHIIE i,
30KpeMa, Ha 3eJIeHi HacaPKeHHS.

Jenapoduiopa mapky xapakTepu3yeThesi OiTHUM BHIOBUM CKJIAJIOM, Ha TEPUTOPIi IKOTO
3pocTae 251 ex3eMIuIsIp
JIEPEBHUX POCIIHH, SIKi BiTHOCATHCs 10 17 Buais, 15 poxis, 11 poxun. JJoMiHyIOYMME BHIaMU €
I'pa6 3Buuaitnuit (Carpinus betulus), Jluna cepuenucra (Tilia cordata) ta bepesa mnosucia
(Betula pendula). Haituucensnimumu € ponunn bepesosi (Betulaceae) — 103 ex3emmuisipu,
Jlunosi (Tiliaceae) — 50 exzemmunsapiB, Camninnosi (Sapindaceae) — 31 exzemmusip, BepOosi
(Salicaceae) — 25 ex3emmsp.

VY mapky HaiOiIbII TOMMPEHWMH € JIHCTONAAHI AepeBa, Mo ckiamaoTs 92,8% Bix
3arajbHOI KIJTBKOCTI BCiX aepeB. 7,2% mpumazae Ha BiYHO3EICHHX POCIHH, Cepel SKUX
TepeBaXalOuNM MPEICTABHUKOM € SlnmHa 3Bu4aiina — 5,2%.

3eneHi HacaPKEHHS BiJirparoTh BAXKIWUBY POJIb Y CHCTEMi 30BHIIIHBOTO OJIATOYCTPOIO
MICT, BOHH CTBOPIOIOTh
SIK  BHCOKOXYIOXHI apXiTeKTypHO-TaHAMAPTHI KOMIUIEKCH, SIKi BiIrpalOTh BaXKIUBY
ecreTH4Hy QyHKIi0. KpiM IIbOoro BOHM TaKOX 3MEHIIYIOTh HAsBHICTH MWy W UMY B MOBITpI
MiCTa, BiJIrpalo4yM poJib CBOEPITHOTO (NBTPY, BIUIMBAIOTH Ha (OPMYBaHHS KOMQOPTHOTO
MIKpOKJIiMaTy.
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Binpmiicte mepeB 3a GiTocaHiTapHMM O3HAKaAMH  XapaKTEepH3YIOThCS JOOpHM Ta
3aM0BUThHIM cTaHOM. brmm3pko 20 1epeB € CyXOCTOEM MHHYJIHX POKiB, SIKi IOTpeOyIOTH
BHPYOKH 1 iX 3aMiHH.

O1iHKa BiJIHOCHOT'O 3arajibHOTO JIEPEBOCTaHy, BKa3ye Ha Te, IO XUTTEBUI CTaH MapKy —
ocabJIeHHH.

Ha ocHOBI poBeZICHOT0 aHANi3y CTaHY JIEPEBHUX HACADKCHB MApKy BIAMOYMHKY Ha BYIL.
TpyckaBeupkiii M J[porodbud HaMu po3po0OIIeHO TaKi peKOMEH AL

— YpI3HOMAHITHHTH BHJOBHH CKJIaJ] JICPEBHUX POCIHH, OCOOJMBO IMPEICTABHUKIB
TOJIOHACIHHMX,

— TMPOBECTH OMOJIO/DKEHHS CTapUX 1 BIIMUPAIOYHX HACADKEHD;

— JIOTPUMYBATHCh MPABUII Ta PHUIOMIB JOTIISIY JIepEB.
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CRYO-LASEROTHERAPY AT THE HEALTH RESORT STAGE
OF REHABILITATION OF PATIENTS WITH GONARTHROSIS

Abstract. The article presents data about the use of air cryotherapy in the combination
with laser therapy for degenerative-dystrophic lesions of the knee joints. The combination of
cryo and laser therapy shows that they have a higher effect on the clinical course of the
disease than with their isolated use. Such a combination increases the effectiveness of
patients’ rehabilitation with gonarthrosis. The dynamics of the total evaluation of the
pathological process activity in the Leken's algoprofunctional index revealed a decrease in
the number of points in the main group from 8.6 to 5.3, and in control groups from 8.3 to 6.2
and from 8.5 to 7.1. The comparative analysis of the effectiveness of combined cryo and laser
therapy in the complex health resort rehabilitation of patients with deforming osteoarthrosis
of knee joints in the main group was 91%, and in the first and second control groups was 79%
and 68%.

Keywords: cryo therapy, laser therapy, gonarthrosis, health resort rehabilitation,
arthralgia.

INTRODUCTION

Degenerative-dystrophic lesions of the knee joints are one of the most common
musculoskeletal system diseases, which leads not only to the decline of the life quality and
sometimes leads to disability of working age patients [1, 4, 8, 9]. A significant place among
musculoskeletal system diseases of degenerative-dystrophic type takes the knee joints and
according to the Ministry of Health of Ukraine their pathology leads to disability except the
decline of the life quality in 15-31% of working-age patients [4]. All this testifies not only to
the medical but also to the socio-economic importance of the problem of treatment and
rehabilitation of patients with osteoarthrosis of knee joints. Despite the positive results of
medical therapy, and taking into account the complexity of the mechanism of disease
development, there is the further search of methods and means, in particular, physical
therapeutic factors with a diverse influence on the pathological process in the articular
apparatus which will increase the efficiency of the patients rehabilitation with this pathology
[3-7, 10]. In recent years, attention has been paid to the use of cryotherapy with this
pathology [3, 21, 22]. However, at present there is not enough data on the combination of
cryotherapy with other physical therapeutic factors [7, 14, 16, 20], which became the subject
of the choice of the topic of this study.

The aim of this work was to evaluate the effectiveness of the combined method of
cryo and laser therapy in patients rehabilitation with arthrosis of knee joints in the
background of the use of treatment factors at the Skhidnytsya resort. The combined method
of cryo and laser therapy unlike the isolated use of cryo and laser therapy increases the
effectiveness of patients rehabilitation with dystrophic lesion of the knee joints and prevents
the progression of the patients’ disease with degenerative lesion of the knee joints.

METHODS AND RESULTS OF THE RESEARCH

Under our supervision in the conditions of the Medical and Rehabilitation Center
“Prykarpattya” PJSC “Atomprofozdorovnytsia”of Skhidnytsia resort there were 19 patients
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with gastroenterological and urological profile (11 women and 8 men) aged from 48 to 63
with an accompanying diagnosis of knee joints osteoarthrosis of stage II with functional
deficiency of joints ( FDJ) degree I, which was established according to X-ray and ultrasound
examination at the place of permanent residence. Duration of osteoarthrosis was 8.6 = 1, 5
years. From the total number of examined patients 5 patients (4 women and 1 man) according
to the history of their disease had a lesion of two knee joints, which was taken into account
by us when we drew a plan for the appointment of cryo and laser therapy.

Clinical examinations included: complaints of patients, data of an objective
examination of the articular system by palpation of the knee joints, determination of the joints
size and their motor functions. The assessment of changes in the severity of the patients
articular apparatus in the process of rehabilitation was carried out on the merit point system
using the Leken's algofunctional index in the dynamics at the beginning of rehabilitation,
after the first physiotherapeutic procedures and at the completion of the treatment course
(Table 1.) [2].

The size of the joints was determined by measuring their circumference with a
centimeter tape at the level of the articular cavity with an accuracy to 0.5 cm, and the motor
function of the joints was determined by the using of the universal medical goniometer
UMG-3, the movement in the joints was determined in the sagital plane during active bending
and stretching of joints at the level of the articular cavity in the patient's position lying on the
abdomen with the location of the lower jaw of the goniometer, laterally and in parallel to the
axis of the leg, with an accuracy from 0.5 to 1.0 °.

Table 1. Total Leken's Index (height index for gonarthrosis)

1. Pain or discomfort Points

Pain at night:

— absent

— only when moving and in certain positions 1

— even without movement

Morning woodiness or pain after getting up

— Absent or less than 1 minute 0
— less 15 minutes 1
— 15 minutes or more 2

Strengthen the pain after standing on the legs for 30 minutes

— absent

— present 1

Pain when walking

— doesn’t occur 0
— occures only after passing a certain distance 1
— occures from the beginning and then increases 2

Pain or discomfort when standing up without the help of hands from
sitting position:
— absent 0
— present 1

2. Maximum distance during walking without pain:

— no limitation

— more than 1 km, but there is a difficulty 1
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— about 1 km 2
— from 500 to 900 m 3
— from 300 to 500 m 4
5
6

— from 100 to 300 m
— less than 100 m
— with one walking stick or crutch +1

— with two walking sticks or crutches +2

3. Functional activity (by gradation of responses)

Can you go up one step on the stairs? 0-2
Can you go down one step on the stairs? 0-2
Can you tidy the lower cabinet shelf, kneeling? 0-2
Can you walk on a rough road? 0-2
Do you feel stinging pain or the sudden feeling of losing crutch in 0-2
the lesioned limb?
— sometimes 1
— often 2

The severity of gonarthrosis: 1 - 4 points - weak, 5-7 points - average, 8

- 10 points - expressive, more than 10 points - sharply expressed.

Assessment of locomotoric function of patients was determined by passing the 30-
meter distance on a flat area and ascending and descending stairs (10 steps).

Cryotherapy procedures were carried out by using the physiotherapeutic mechanism
Criotur-600 (Germany), which works on contact (conductive) transfer of cold to a specific
area of the body and creates a cold load with the help of thermoelectric Peltier elements
provided by the therapeutic head and cuff that are added to the device.

The beginning of each cryotherapy procedure was carried out by using a thermal head,
which cooled down to a certain selected temperature in the range from 1.0 ° C to -10 ° C,
which was displayed on the screen of the device, taking into account the individual sensitivity
of the patient to cold load in the joint area. After finding out the individual sensitivity of the
patient to the cooling, the thermal head changed to a thermal cuff with the help of which the
procedures were carried out in the patient's lying position, at a given temperature. At the
temperature of the thermal cuff, the duration of the procedure was to -5°C from 5 tol0
minutes, and to-10°C from 3 to 5 minutes. The course of treatment is carried out every other
day, it requires 8 procedures.

The procedures of laser therapy were performed using serial device Medyk-2K of the
firm NMC "Medintekh", which generates laser radiation of the red and infrared wavelengths
of 0.78-0.85 mKm. We used a distant labile technique with a ray of radiation on a projection
section of the articular cavity biliary within 1-3 minutes.

The statistical processing of the obtained research results was carried out using
Microsoft Windows Excel and Statistics. The level of reliability was set at P = 0.05, which
was determined by the Student's t-test.

The complex sanatorium-resort rehabilitation for the term of 21 days included medical
nutrition, drinking regime of mineral waters according to the nosological forms of the main
disease, the use of therapeutic physical culture in the form of morning hygienic gymnastics
(RGG), medical gymnastics (LH) by group method, observing all pedagogical principles
during classes (starting positions, movements amplitude, number of repetitions, etc.). The
duration of the lesson is 20-30 minutes of the therapeutic walking (TW), which included
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walking from the sanatorium to the pump room of mineral waters 2-3 times a day, therapeutic
massage (segmental reflex or general), mineral baths with a concentration of sodium chloride
(NaCl) up to 15 g /1 with a 37 ° C temperature, and with an exposure to 10 minutes for the
course of treatment from 10 to 12 baths and ozocerite applications on the lumbar area or the
right hypochondriac, depending on the nosological form of the main disease and on knee
joints at a temperature from 42 to 45°C with an exposure from 30 to 40 minutes. The course
of treatment requires from 8 to 10 procedures.

RESULTS OF THE RESEARCH AND ITS DISCUSSION

In the primary anamnestic and objective examination, 17 patients (89.3%) complained
about joints pain of varying intensity and duration when walking on a flat area and also about
ascending and descending stairs, except the joints pain 10 patients (57%) complained about the
severity of knee joints during prolonged stay in a standing position also except the joint pain,
7 patients (37%) complained about slight joints stiffness in the morning, after night sleep, and
5 patients (24%) complained about the crapitation in the knee joints.

In order to assess the effectiveness of cryo- and laser therapy for pain syndrome and
locomotoric function with gonarthrosis, the patients were divided into three groups: the main
group (9 patients) and two control groups (5 patients in each group). Patients in the main group
passed a combination of cryo and laser therapy procedures every other day for a course of
treatment for 8 procedures every other day. Patients of the 1st control group passed the
procedure of cryotherapy, patients of the 2nd control group received procedures for laser
therapy for the course of treatment for 8 procedures per day. During physiotherapeutic
procedures patients showed no negative reactions and its poor tolerability.

As a result of the rehabilitation, its positive dynamics was noted in all groups of examined
patients, however, in the main group, the reduction of pain syndrome during physical activity was
noted on 5 + 2 day from the beginning of rehabilitation; in the 1st control group on 8 + 3 day and in
the 2nd control group on 16+2, respectively. 2 patients in the main group had complete
disappearance of pain in the knee joints, with physical activity on the 3rd day after begining of
rehabilitation. We associate a more pronounced analgesic effect of reducing arthralgia and reducing
the duration of pain in the main group with a combined analgesic effect of cryo- and laser therapy,
and in the 1st control group we associate it with the isolated effect of cryotherapy. Except the
positive dynamics of the pain syndrome, also there were improved the indexes of the articular
apparatus' functional state in the examined patients of all groups (Table 2.), however, the
improvement of the articular apparatus' functional state in the main group was observed on the
16 + 3rd day from the beginning of rehabilitation, and in the 1 st and in the 2nd control groups the
improvement was observed on the 18 % 3rd day. It should be emphasized that the improvement of
joint functions was assosiated not only with the analgesic and anti-inflammatory effects of
cryotherapy and laser therapy, but also with their beneficial effect on the muscles that are
anatomically and functionally associated with the lesioned joint.

During the study of the movement amplitude in the joints at the end of rehabilitation there
was observed its significant increase in the main group that was +6.5° in comparison with the
1st and 2nd control groups +3.2°, +1.9° in our opinion which was related with more pronounced
elimination of soft tissue edema in the joint area as a result of improved tissue metabolism in
the joints, which was revealed by a decrease in their size in the process of patients rehabilitation
in the main group 3.9 £ 0.04 cm, in comparison with the 1st and 2nd control groups,
respectively, 2,6 + 0,23 and 2,1 = 0,3 cm.
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Table 2. Dynamics of clinical indicators of patients in the process of rehabilitation

Groups of patients

Indicators Main group The first control Second control
n=9 groupn=35 groupn =35
Leken's algofunctional index 86+1.3 83+1.01 8.5+0.09
(points) 5.3+0.07 6.2 £0.09 7.1 £0.06
Knee joint volume (cm) 42.9 +0.63 41.8 + 0.65 41.4 +0.61
38.1 +0.59 39.2+0.22 39.3+0.31
The amplitude of knee movements 133.0+3.2 132.9+3.1 131.3+2.1
joint (degrees) 139.5+2.6 135.1£2.9 133.2+3.0
Time to go up stairs 18.3+0.96 18.31+04 18.2+0.71
(10 steps) (sec) 11.0 £ 0.38 13.1+£0.8 13.4+0.9
Time to go down stairs (10 steps) 12.15 £ 0.32 12.5+0.18 12.3+0.17
(sec) 8.62 £0.36 10.0 £ 0.15 10.1 £0.07
Time to pass 30-meter distance 32.2+£0.6 32104 32.3+0.3
(sec) 26.3+0.5 27.4+0.5 28.1+0.5

Note: in the numerator there are indicators at the beginning of rehabilitation,
in the denominator there are indicators after rehabilitation
(P) is the index of change before and after rehabilitation - P <0.05 - 0. 001

In parallel with the improvement of the movements amplitude the use of physiotherapeutic
factors had a positive effect on locomotor indexes of the articular and muscle apparatus of
patients in the form of reduced time to overcome the 30-meter distance, as well as going up and

down stairs.

Dynamics of changes in the knee joints size is shown in Picture 1.
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Picture. 1 Dynamics of changes in the knee joints size (cm)
1 — the main group, 2 — the first control group, 3 — the second control group

Dynamics of changes in the passage time of the 30-meter distance is shown in Picture 2.
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1 2 3

m before rehabilitation

Picture 2. Changes in the passage time of a 30-meter distance (sec)
1 — the main group, 2 — the first control group, 3 — the second control group

W after rehabilitation ]

However, the passage time of the 30-meter distance of patients in the main group
decreased on 5.9 £ 0.1 seconds. The passage time of the 30-meter distance of patients in the 1st
control group decreased on 4.7 + 0.1 seconds, and in the 2nd control group decreased on
4.2 £0.2 seconds.

Changes in time when going up stairs are shown in Picture 3 - 4.

1 2 3

g Dbefore rehabilitation m after rehabilitation w

Picture 3. Changes in time when going up stairs (sec)
1 — the main group, 2 — the first control group, 3 — the second control group

The time to go down stairs in the main group decreased on 3.53 + 0.04 sec, in the Ist
group decreased on 2.5 = 0.03 sec and in the 2nd group decreased on 2.2 = 0.1 sec.
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Picture 4. Changes in time when going down stairs (sec)
1 — the main group, 2 — the first control group, 3 — the second control group

Accordingly, our study with the use of cryo and laser therapy combination shows that
they have a higher effect on the clinical course of the disease than in their isolated use,
which is related to the complex and balanced therapeutic effect on the pathogenetic
mechanisms of the disease and thus increase the effectiveness of patients rehabilitation
with this pathology.

The dynamics of the total evaluation of the activity of the pathological process in the
Leken's algoprofunctional index revealed a decrease in the number of points in the main
group from 8.6 to 5.3, and in control groups from 8.3 to 6.2 and from 8.5 to 7.1.

The comparative analysis of the effectiveness of combined cryo and laser therapy in the
complex health resort rehabilitation of patients with deforming osteoarthrosis of knee joints
in the main group was 91%, and in the 1st and 2nd control groups was 79% and 68%.

CONCLUSIONS

1. The results of our study show that the treatment of cryo and laser therapy complex in
the patients main group significantly affects on the reduction of the pain syndrome duration
on the 8 + 2nd day from the beginning of rehabilitation in comparison with the 1st and 2nd
control groups on 16 + 2 day, and also affects on the increase of joints amplitude in the
patients main group on 6,5° at the end of rehabilitation in comparison with the patients 1st
and 2nd control groups on 3.2 and 1.9 °, and on the increase of locomotor activity of the
articular apparatus as pointed walking speed on flat area, as well as going up and down
stairs

2. Positive results of the influence of combined cryo and laser therapy on functional
parameters of the articular apparatus and patients good tolerability of this complex allow to
include it to the complex of health resort rehabilitation at deforming arthrosis of knee
joints.
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ABSTRACT

KPIO-JIABEPOTEPAIIISA HA CAHATOPHO-KYPOPTHOMY ETAIII
PEABLIITALIII XBOPUX TOHOAPTPO30M

JlerenepaTBHO-ANCTPOGIUHI ypaKCHHS KOJIHHUX CYIJIOOIB CKJIQJAIOTh OAHY 13
HaWOUIBII PO3MOBCIOPKEHUX 3aXBOPIOBAHb OIOPHO-PYXOBOTO arapary, 10 MPHU3BOAUTH HE
TIJIBKHU JIO TOTIPIICHHS SKOCTI JKUTTS XBOPHUX, a 1 IO BUHUKHCHHS 1HBAJIJHOCTI, 1[0 BUMArae
BIIPOBA/KCHHS ¢()eKTUBHUX METOJIIB BiJTHOBHOT'O JIIKYBaHHs JAHOTO 3aXBOPIOBAHHS.

3acTocyBaHHSl IO€IHAHHS Kpio- Ta Jlazeporeparnii 3HaYHO MiABHIIYE €(QEKTUBHICTH
peabimiTarii maieHTiB 3 apTPO30M KOJIHHHUX CYTI00iB, CIPUYHHIOE OiIbII BUPa3Hi CIIPUSTIHMBI
3MiHH y CTaHi CyrJI000BOTO amapaTta Ha BiIMiHY iX i30Jb0BaHOTO BUKOPHCTAHHSA i OOTPYHTOBYE
3aCTOCYBAaHHS IIHOTO KOMIUIEKCY Y peabitiTamnii XBOpHX 3 TaHOIO HaTOJIOTIETO.

VYHiBepcallbHUM MEXaHi3MOM MaTOTEHe3y 3aXBOPIOBAHHS € TMOPYIICHHS PIBHOBAarW Mix
MexXaHi3MaMH CHHTE3Y 1 JereHepamii XOHAPOIUTIB CyriIo00BOro xpsma y OiKk 3MEHIICHHS iX
cuHTe3y. BHaCHiOK IIPOr0 3MIHIOIOTHCS MEXaHIYHI BJIACTHBOCTI XpsIa, sIKi 3aJexaTh Bij
HOPMaJIHOTO CIIIBBIJIHOIICHHS B HOT0 TKaHWHI KOJIareHy, MPOTEOIJIiKaHiB 1 BOJAW, TOMY IO
CyrJIOOOBHM XpsIl HE Ma€ BJIACHOI CYJIMHHOI CTIHKH, a HOTO J>KUBJICHHS 3IHCHIOETBHCS
OCMOTHYHHMM HIJSIXOM 3 KICTKM 1 CHHOBIaNbHOIO piguHOM00. KiroyoBa posib y HOpMalbHOMY
CHIBBITHOIICHHI KOMIIOHEHTIB, sIKI 3a0e€3Ne4ylOTh HOPMaJbHHHA CTaH CyrJIOOOBOrO Xpsiia
HAJIC)KHUTh XOHIPOIUTAM 1 TPU TOPYIICHHI X CHHTE3y TIialiHOBHH XPsIl BTPayae CBOIO
aMOpTH3aLiiHy BIaCTUBICTb.

OmHrM i3 BaXJIMBHX HANPSIMKIB Yy CYYacHHX MeTojax peaOimitamii € momyk i
BIPOBADKEHHS B MPAKTHUKY HOBITHIX TEXHOJOTIH 30KpeMa y ¢izioTeparmii, cipsMoBaHUX Ha
MIIBUIICHAST €(QEKTUBHOCTI BiJHOBHOTO JIKyBaHHS XBOPUX Ta IHBAIIAIB 1 TPOQiTAKTHKY
3axBOpIOBaHb. Ha maHuii yac y BHUKOpUCTaHHI (i3i0TepaneBTUYHNX YMHHHKIB BCE OLTBIIOTO
3HaueHHs HaOyBae KpioTeparis — CyKyMHICTh (DI3UYHUX METOIB JIIKyBaHHS, peabimiTarii Ta
npodiJaKTUKK PI3HUX HO30JIOTIYHUX ()OPM 3aXBOPIOBAHb, 3aCHOBAHMX Ha BHKOPHUCTAHHI
X0JI0I0BOTO (hakTOpa, SIKUi CTBOPIOETHCS PI3HUMH 3a IPUPOAOIO 1 (HOPMOIO KpioareHTamu, 1o
3a0e3MeUyrOTh BiJIBCICHHS TEIUIA Bijl TKAHUH, OPTaHiB a00 BCHOTO Tija JFOIUHH.

B pe3synbTati npoBeAieHOT NOEAHAHOT peabiniTalii ii MO3UTHBHA JUHAMIKa OyJa BiaMidcHa
y BCIX JOCHI/PKYBaHHMX TpyIax, IpOTe B OCHOBHIM IpyIi 3MEHIIEHHS O0JILOBOTO CHHIPOMY IPH
(Gi3MYHOMY HaBaHTa)XEHHI BiAMidanoch Ha 5*2-i ngeHbp Big mnoyatky peaOumitamii; y 1-#
KOHTPOJIBHIN Tpyna Ha 8+3-i1 neHb, a y 2-i KOHTPOIbHIN Tpymi Ha 16+2-i neHp BiAmoBigHO. Y
2-X XBOPUX OCHOBHOI TpyImH OyJI0 BiIMi4€HO IMOBHE 3HUKHEHHS 00JIi y KOJIHHUX Cyrio0ax, mpu
(i3MYHUX HaBaHTAKEHHSAX — Ha 3-H JNeHp Mmicias moyaTKy peabimitarii. Bimbmn BupakeHWid
3HEOOMOI0OUHMA €PEeKT y BUTIIAMI 3MEHIIECHHS apTpaiTii Ta CKOPOYECHHS TEepPMiHiB 0O0JILOBOTO
CHHIPOMY B OCHOBHIM TpyIli MU TIOB’S3y€MO 3 TIOE€AHAHWM AHAJITETHYHUM BILUTUBOM Kpio-
naseporeparnii, a B 1-ii KOHTpONBHIM Tpyni — i130JbOBaHMM BIUIMBOM KpioTepamii. Kpim
MO3UTHBHOI JMHAMIKM OOJIbOBOTO CHHIPOMY IOKPALMINCh HNOKa3HUKH (YHKIIOHAIBHOTO
CTaHy cyri000BOTO amnapara y JOCHiPKyBaHHX XBOPHUX, IPOTE MOKPAIIEHHS ()yHKIIOHAIEHOTO
cTaHy cyrio0OBOro amapara B OCHOBHIW Ipymi crocrepiraiocst Ha 16£3-i JIeHb BiJ NOYaTKy
peabinitanii, B 1-i KOHTpONBHIHM rpymi Ta B 2-i KOHTPOJbHIN rpyni — Ha 18+3-i nens. Ilpu
JOCII/DKEHH] aMIUTITyJ pyXOBOI aKTHBHOCTI CyIJIOOiB HamNpHKIiHLI pealiiitamii cyTreBe iX
T IBUIIICHHSI CIIOCTEPIraJioCh B OCHOBHIN Tpymi 1 ckiamana + 6,5° y mopiBHSAHHI 3 1-10 Ta 2-10
KOHTPOJBHUMH Tpynamu +3,2°, +1,9° BiamoBigHO, 1m0 OyJI0 MOB’S3aHO 3 OUTBIT BHUPaKECHUM
YCYHEHHSAM HaOpsKy M SKMX TKaHWH B JUIAHII Cyrjio0a, IMOKpamleHHSM MeTaboi3My Yy
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cyrinobax, mo IMPOSBIIOCH 3MEHIICHHSM iX 00’ €My y XBopuX ocHOBHOI rpynu Ha 3,9+0,04 cMm,
y HOPiBHSHHI 3 1-10 Ta 2-10 KOHTPOJIBHOIO KpymaM#u BinmoBigHo 2,6 0,23 1 2, 1+0,3 cm.

3acTocyBaHHA MO€AHAHHS Kpio- Ta Ja3epoTepamii 3HAYHO MigBUINYE €(PEKTHBHICTH
pealiniTanii MaieHTiB 3 apTPO30M KOJIIHHHUX CYIJI00iB, CIIPUYHHIOE OUIBII BUPa3Hi CIIPUSTIUBI
3MIiHM Yy CTaHi Cyri000BOT0 anapaTa Ha BiIMiHY iX 130JIb0OBAHOT'O BUKOPHCTAHHS 1 OOIPYHTOBYE
3aCTOCYBaHHS IbOT'O KOMIUIEKCY Y peaOiliTalii XBOPHX 3 JaHOIO NAaTOJIOTIENO.
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DIOXINS - MODERN PRIORITY ORGANIC ENVIRONMENTAL
POLLUTANTS

One of the important problems encountered at the present stage of human society
development is the problem of improving ecological and analytical monitoring and providing
real data on DLC in the objects of the natural environment of Ukraine in accordance with the
requirements of the Stockholm Convention on Persistent Organic Pollutants for Effective
Health Protection of People and the environment from the harmful effects of ecotoxicants of the
21st century - dioxins. Modern scientific notions about dioxins as persistent organic
environmental pollutants are generalized and systematized; the main types of dioxins, sources
of their occurrence and inflow into natural objects, methods of detecting dioxins are
characterized; the effect of dioxins on living organisms is shown. The highest toxicity in
relation to the most sensitive species - guinea pigs - detects 2,3,7,8-TCDD, and the smallest -
2,3,7,8-tetrahloronapthalene, and, reducing or increasing the number of halogen atoms in PCDD
molecules dramatically reduces their toxic properties.

Keywords: environmental quality, persistent organic environmental pollutants, dioxins,
dioxin background.

INTRODUCTION

Current issues of the present day are the problem of preserving the environment, the which
quality defines the life and health of people. In the process of economic activity, more than 120
thousand chemicals are used, 70% of which have uncertain toxicity. According to the scientific
research results, the organism of modern man contains more than 500 chemical compounds -
potential poisons unknown at the beginning of the twentieth century [10].

A large number of alien compounds for humans and animals - xenobiotics - mostly of
organic origin, is involved in circulation and circulates in the biosphere.

Priority organic pollutants include poisonous substances of instantaneous action (synthetic
poisons, rocket fuel components) and prolonged action (polycyclic aromatic hydrocarbons,
phthalates, persistent organic pollutants), which present the greatest danger both today and in
the future. Persistent organic environmental pollutants include dioxins [11].

Dioxins are modern superecotoxicants, which belong to the substances of the (highest)
class of toxicity. They are not biotransformed in the body, nature does not have enzymes that
would expose them, because by 1930 they did not exist in nature at all. Dioxins are not found in
the tissues of Egyptian or Indian mummies, but now they are found everywhere, including
Antarctic ice. They are in all food without exception, especially many of them are in dairy and
meat products. In this regard, the concept of "dioxin background" was introduced, which came
close to the maximum permissible level in some countries at which chronic poisoning begins.
Monitoring of dioxin contamination requires high financial costs (the cost of one study reaches
2 to 3 thousand USD). There are only 40 laboratories conducting such studies in the world [16].

Given the long-term and severe effects of dioxin contamination, periods of intensive
farming using DDT, herbicides, insecticides, and backward industrial technologies, we can
assume that the dioxin problem is extremely relevant for our country.

The aim of the work is to synthesize and systematize modern scientific ideas about dioxin-
like compounds in the structure of persistent organic environmental pollutants; analysis of the
dioxins characteristics, their types, chemical composition and properties, the main sources of
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dioxin entering the environment and methods for their detection; studying the pathways of
dioxins to living organisms and their effects on living organisms.

STABLE ORGANIC ENVIRONMENTAL POLLUTANTS AND
DIOXINS IN THEIR STRUCTURE

Highly polluted organochlorinated organic compounds belonging to persistent organic
pollutants (POPs) are a major problem for human health and the environment. These substances
belong to different classes of chemical compounds, but, despite numerous differences and
different degrees of danger, there are four common properties for the POPs [16]:

1) high toxicity, even in small quantities, and even greater toxicity of the products
resulting from their decomposition;

2) decomposition stability (they are hard to break down and remain unchanged in the
environment for many years after use);

3) the ability to concentrate in the fatty tissues of humans and animals representing the
upper levels in the food chain;

4) the ability to overcome significant distances by air, waterways and migration of birds,
animals and fish.

Consequences of POPs negative effects on animals are documented: congenital defects,
risk of cancer, immune and reproductive systems impairment. For example, the effect of POPs
is associated with a sharp decline in the population of seals, guinea pigs, dolphins, etc.

Scientists point at strong evidence of the health risks related to POPs. The harmful effects
are similar to those found in animals: cancer, developmental defects, fertility problems,
immunity decline, and decreased mental abilities in some cases. Studies in Sweden, Canada, the
United States, Mexico, and other countries in the world have found that the use of foods with
very low levels of POPs causes imbalances in the immune system in adults, and children have
serious problems with coordination of movements and mental activity [17].

Of course, there is a need for further study of the negative effects of POPs on human
health and the environment, but the threat of POPs for the planet is so significant that its
disappointing perspectives require urgent action by humankind. The risks are too high to delay.
Measures to eliminate the effects of POPs should be immediate and adequate.

In 1994, meetings of the United States, Canada, Japan and a number of European countries
representatives repeatedly raised the issue of the inadmissibility for the further spread of POPs.
To this end, a list of twelve substances has been compiled, for which there is a need to take
immediate measures. The list, immediately dubbed "dirty dozen", consists of three groups of
POPs constituting a significant threat for the human health and the environment [16, 18].

The first group of POPs is highly toxic chlorinated pesticides (dichlorodiphenyl
trichlorethane (DDT), dildrin, aldrin, heptachlor, mirex, toxaphene, endrin, chlorodan,
hexachlorobenzene (HCB)).

The second group of POPs is industrial products (polychlorinated biphenyls — PCBs).

The third group of POPs is represented by so-called dioxins — a group of compounds
formed as by-products in some industries. Dioxins are found in a small amount in any
production where chlorine is used, especially at high temperature processes.

In Ukraine, the extent of environmental pollution for the POPs (including DLC) was not
been reliably evaluated for a long time due to the lack of material and technical basis necessary
for scientific research on the dioxins determination in all living objects and inanimate nature.
The first preliminary determination of dioxin emissions was carried out by experts from the
Task Force on Emission Factors Assessment of the GEF/UNEP Project "Providing Measures
for the Development of a National Plan for the Implementation of the Stockholm Convention on
Persistent Organic Pollutants in Ukraine" (2003-2006) [16]. They show that ferrous and non-
ferrous metallurgy and electricity and heat production in Ukraine — these categories of sources
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make the main contribution to the total emissions of PCDD/PCDF (95%). Up to 99% of
emissions are released into the air and waste.

On May 23, 2001 Ukraine signed the Stockholm Convention on POPs, and its ratification
process took place in the summer of 2007. Our country has become a Party to the Stockholm
Convention on POPs, which, on the one hand, grants it particular rights and, at the same time,
particular obligations related to the entire complex of tasks for the destruction of the twelve
POPs provided by the Convention [14].

Concepts about dioxins and their main types
In ecology, dioxins are often treated as polychlorinated tricyclic aromatic compounds

containing oxygen atoms:
CII:I:O:@C
cl o) Cl

1,4- dioxin

This is an unstable and easily polymerized compound [8].

A large group of chlorinated hydrocarbons, which are called dioxins, contains 75 proper
dioxins (polychlorinated dibenzodioxins, PCDDs), 135 different furans (polychlorinated
dibenzofurans, PCDF) and 209 polychlorinated biphenyls (PCBs). Only 7 dioxins, 10 furans
and 12 PCBs are extremely toxic to all living objects — from bacteria to mammals. These 29
compounds have similar biological activity, which is due to a common mechanism of action.
Representatives of the three above-mentioned classes are more correctly called dioxin-like
compounds - DLC. However, in practice, the term "dioxins" is most frequently used [5, 6, 7].

Among the most studied chemical, physical and toxic properties of dioxin-like compounds
(DLC), polychlorinated dibenzo-para dioxins (PDBs) and polychlorinated dibenzofurans
(PCDFs), commonly referred to as dioxins. Polibrominated and polyfluorated dibenzodioxins
and dibenzofurans, as well as compounds of a similar structure, which contain chlorine,
bromine and fluorus atoms at the same time [11], are studied to a lesser degree.

It was established that during the last decades, the objects of scientific research were
polyhalogenated xanthians, xanthones and biphenylenes. The latter can be oxidized to
traditional xenobiotics of PCDD and PCDF.

Although all DLC are dangerous, there are compounds with different levels of toxicity
among them. Among them 2,3,7,8-tetrachlorodibenzo-n-dioxin (TCDD) - the most toxic and
most studied. Therefore, its toxicity is taken as "1", and each DLC has its toxicity factor relative
to TCDD. TCDD toxicity is such that its maximum allowable concentration is negligible: 10-12
g per kilogram of substance or liter of fluid! [16].

DLC have a high melting point, non-volatile, poorly soluble in water and, better, in
organic solvents. These compounds are characterized by high thermal stability, their
decomposition begins at a temperature of 750-1000 °C. They do not react with acids and
alkalis, even when boiling. In the characteristic aromatic compounds, the reaction of DLC come
only under harsh conditions in the presence of catalysts [8].

Using the example of TCDD (2,3,7,8-tetrachlorodibenzo-n-dioxin), we will consider more
detailed physical and chemical properties of such substances. TCDD is a colorless crystalline
substance with a high melting point (305 °C) and very low volatility. It is almost insoluble in
water, but is better soluble in organic solvents. Thermally stable (decomposes at 700-750 °C). It
is chemically inert, not decomposed by acids or alkalis. Being a hydrophobic substance and
capable of donor-acceptor interactions, it forms complex compounds with substances of
different structure. Dioxin easily forms a radical cation.

Getting into the body, dioxin almost does not enter into metabolic processes, slowly
decomposes and very slowly eliminated from it. The biological activity of dioxins is usually
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expressed by the concentration of the substrate, which causes a 50% increase in the activity of
cytochrome P-448 from the maximum possible.

Dioxin affects the genetic apparatus, and has a mutagenic effect. Toxicity of dioxin
changes as follows: the most potent properties are manifested when the substituent plays the
role of a chlorine atom: dibezono-n-dioxin > dibenzofuran > the biphenyl > naphthalene.

The dioxin molecule is flat and differs in high symmetry. The distribution of the electronic
density in it is such that the maximum is located in the zone of oxygen and chlorine atoms, and
the least is in the centers of benzene rings. These features of the structure and the electronic
state make it necessary to study the extreme properties of the dioxin molecule.

Dioxin is a chemically inert substance. Acids and alkalis do not decompose it, as it was
already noted, even during boiling. In the characteristic aromatic compounds of the reaction, it
interacts only under very harsh conditions and in the presence of catalysts. The replacement of
chlorine atoms with other atoms or groups of atoms can occur only in terms of free radical
reactions. Some of these transformations, for example, interaction with sodium-naphthalene and
regenerative dechlorination with ultraviolet radiation, are used to destroy a small amount of
dioxin. When oxidized in anhydrous conditions, dioxin releases one electron easily and turns
into a stable cationic radical, which, however, is easily recovered in dioxin by water with the
release of a very active cation-radical HO+. Characteristic to dioxin is its ability to form strong
complexes with many natural and synthetic polycyclic compounds [11].

The solution of practical issues of organic dioxin xenobiotics analysis and toxicology is
considerably complicated due to their structural diversity - the complexity of the isomeric and
homologous structure. There are only 209 homogeneously substituted polychlorinated
biphenyls (PCBs). The same compounds are a part of a number of polibromobiphenyls (PBBs),
as well as to the series of homogeneously substituted halogenated azobenzenes and their
azoanalogs. The number of homologues and isomers in a number of halogenated naphthalenes
coincides with that in the actual dioxins [7].

Mainly tetra-, penta-, hepta- and octo-substituted dioxins, which include halogens atoms in
the lateral positions of 2,3,7.8, are especially dangerous for man and nature. In a number of
polyhalogenated dibenzo-n-dioxins and dibenzofurans, the number of homologues and isomers
increases to 1018. Despite not all of these most dangerous substances actually get into the
human environment, only their numbers indicate the scale of the difficulties arising in
connection with the need to identify in the various living objects and inanimate nature the most
dangerous tens and hundreds of dioxins among thousands of substances similar to them.

Additional difficulties can be attributed to the presence in the microvillas of existing
technologies of functionally substituted dioxins containing the NO2, NH2, Alk, etc group
instead of the halogen atom. In a few cases, it turned out to be extremely dangerous substances.
However, there are also competitive antagonists of highly toxic dioxin among them, which
reduce the effect of the latter. It can also lead to an increase in the amount of analytical work, its
complication due to the background expansion and restrictions in the use of biological methods
of analysis [16].

SOURCES OF DIOXINS

Dioxins are artificial compounds, although nobody has ever deliberately created these
poisons. Their appearance in the environment is due to the development of various
technologies, mainly in the postwar period, and is mainly associated with the production and
use of organochlorine compounds and the disposal of their waste [13]. All DLC can safely be
called "ecological dirt", which is formed:

* due to the combustion of chlorinated compounds;
* when producing pesticides, herbicides and defoliations as a by-product (admixture):
the most significant levels of contamination with dioxins (mainly TCDD) are herbicides based
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on 24-dihydrochloric acid and 2,4,5-trichlorophenoxyacetic acids (2,4-D and 2.4,5-T);
fungicides, insecticides, antiseptics and disinfectants, a bactericidal preparation of
hexachlorophen, synthesized from chlorodiphenyl ethers of herbicides, hexachlorobenzene,
PCB;

e in electrolytic processes for the production of nickel and magnesium from their
chlorides, casting of steel and copper, smelting of scrap iron, as well as during the production of
aluminum. When obtaining steel in open-hearth furnaces, scrap metal is not separated from
garbage, plastic and other organic matter, which leads to the formation of dioxins;

e during the production of cellulose in the bleaching process, which involves
chlorination: dioxins are found in pulp, filtrate, sewage, solid waste, finished products;

* due to the burning of car oil and gasoline, in exhaust gases of cars, working on
gasoline containing lead additives. The appearance of dioxins in this case is due to the fact that
an increase in the octane number of gasoline is usually achieved by introducing toxic tetraethyl-
and tetramethyl lead into them, simultaneously requiring an appropriate technological antidote.
For this purpose, dichloro- and dibromethanes and other bromorganic compounds (soap-
extractors) are added. Under those conditions arising in the process of fuel combustion, the
latter, providing a solution to the direct problem, simultaneously prove to be the precursors for a
whole range of very toxic substances, including dioxins;

* in the oil refining processes;

* in case of fire and breakage of electrical equipment, where PCB is used as a
transformer fluid;

» when using chemical substances in military conflicts;

* in violation of the rules for the industrial waste disposal.

It has been established that polychlorinated dioxins are formed during the oxidation of
organic compounds, even as a result of ordinary combustion (750-900 °C), provided that
chlorine compounds are present.

Among the products used in everyday life, the paper belongs to one that is not a source,
but only a carrier of dioxins [5, 6]. Dioxin at the MPC level is found in filtering (in particular, in
filters for coffee and tea) and packaging paper, paper napkins, baby nappies, cosmetic fabrics,
etc., especially high content of PCDD and PCDF is in recycled paper.

A powerful source of dioxin released to the atmosphere are incinerators (CWS).
Therefore, the countries of the European Union adopted a "Strategy for waste management" in
1990, which the main principles can be expressed the following provisions:

* to use all possibilities to prevent the formation of waste;

* everything useful in waste should be reused;

* those that can not be used as secondary resources should either be buried or burned in
strict compliance with environmental safety requirements in both the first and second cases.

It is important to take into account that waste from production and consumption is a
secondary resource itself, a raw material for useful products, and burning is an anti-ecological
approach to the problem, since it permanently removes these secondary resources from
circulation [15].

The danger of waste incineration plants from the point of view of environmental pollution
by DLC is due to their technological features. So, with the efficiency of PCB destruction at
99.999% (according to the requirements of the European Union), 0.001% of these compounds
still gets into the air. And this means that 1 mg per burnt kg of PCB will enter the air
environment. In addition, it has been established that dioxins are formed in the so-called cooling
zone and in the filters in existing combustion technologies.

According to the experts of the Center for Independent Expertise:

1) incinerators is the main source of dioxin release in the environment;

2) there are no technologies and technical solutions for the burning of unsorted garbage
today completely excluding the introduction of dioxins into the environment;
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3) according to the norms adopted in the USSR, even when the dioxin problem "did not
exist", the GCC at that time were classified in the 2nd category of the danger for industrial
enterprises;

4) the design, construction and functioning of the GCC complying with the requirements
of the European Union is economically unacceptable;

5) the destruction of unsorted waste by combustion, even in the most technologically
advanced GCC, is anti-ecological by its very nature and is not consistent with the concept of
sustainable development, according to which actions posing a threat to future generations are
unlawful and should be excluded.

The problem of waste utilization is acutely facing both Ukraine and the whole world. But
which way to solve it? Are there generally environmental friendly technologies for waste
disposal and, in particular, organochlorine compounds? Humanity is looking for answers to
these questions. It is important that decisions on the construction of new SRS be subject to the
necessary environmental expertise for mandatory participation of the public [2, 12].

Ways of penetration and accumulation of dioxins in natural objects

Dioxins are the most dangerous for humans. After all, to defeat the human body a very
small dose is required and dioxins deduced from the body very slowly.

Living organisms are exposed to dioxins through air (aerosols), water, food. High
adhesion of DLC to soil particles, ash and bottom sediments causes their accumulation and
migration in surface waters in the form of suspensions and complexes with organic substances.
From the water phase dioxins, due to adhesion, are concentrated on particles of various
suspensions and microorganisms. High concentrations of dioxins in the air are due to the
effective sorption on aerosol particles [11].

In inanimate nature, dioxins evaporate from surfaces very slowly. At the same time, they
gradually move into the organic phase of soil or water, migrating further in the form of
complexes with organic substances (humic and fulvic acids), entering into air, reservoirs, are
included in food chains. Getting into living organisms, dioxins are accumulate
(bioconcentrated) and then modify biochemical processes [9].

Thus, with regard to the ways of penetration and accumulation of dioxins, there are three
sources: food, air and by the use of chlorinated water.

In the air dwellings, dioxins come from burning wood, coal, fuel oil, and especially
combustion of polyvinyl chloride and plastic (for example, in landfills) in the home furnaces.
An additional source of indoor air pollution by dioxins is wood products pre-treated with
polychlorinated biphenyls [7].

Dioxins can get into food, and with them and to the human body, in several ways:

* through soil (vegetables), because the soil is the main depot of dioxin in nature
(dioxins are extremely stable in the soil and are stored mainly in the upper layers - at a depth of
2 to 5 cm. It almost does not migrate and does not enter the groundwater);

* with food (meat from animals contaminated with dioxin products).

Soil is the main depot of dioxins in nature [3, 5, 6]. Dioxins are extremely stable in the soil
and stored, as it was noted above, mainly in the upper layers - at a depth of 2 to 5 cm. They
practically do not migrate. However, it should be noted that their migration in the soil depends
on concomitant pollutants and biomass affecting not only the penetration depth, but also the
binding of the DLC to the soil components. From the soil, these compounds are absorbed by
plants and soil organisms, and then with vegetables and fruits, as well as through other links of
food chains - the organisms of birds and animals - get into the human body. Consequently,
concentrated dairy products (butter, cheese), bovine meat, eggs and poultry meat may contain
high concentrations of DLC.

In an organism of farm animals, dioxins get from contaminated water and fodder,
saturated with pesticides and herbicides [4]. American scientists believe that a person can get
with cattle meat up to 37 pg TE/day, with pork and chicken - 12-13, milk can "provide" 17, and



129

other milk products - 24 pg TE/day (pg - picogram, 10™% g; TE - toxic equivalent - the standard
unit adopted for the assessment of contamination by dioxin-like compounds; the toxicity of
2,3,7,8-TCDD is taken as a unit and each DLC has its toxicity factor relative to TCDD).

In countries with excellent culinary preferences, there are other ways to get DLC in the
body. Especially heavily contaminated seafood, in particular fish. Scientists estimate that the
inhabitants of Finland get 63% of PCDD and 42% of PCDF through fish products. As for the
river fishes, the bottom line is a particular danger [4; 11].

Dioxins can also be found in products through the paper that they wrap with. As it was
stated above, dioxins are also contained in paper as a result of processing. Therefore, when
contacting the product in paper, the conditions for the receipt of dioxins to these products are
created. Another example of exposure to dioxins into a human body is the use of paper with
dioxin in the manufacture of nasal tissues, since nasal-mucous canals can very well filter out
dioxin substances [8].

It was established that in each cigar smoked by a smoker contains 0.08-0.15 pg of
TE-dioxins. Smoking 20 cigarettes, the smoker additionally receives 1.6-3 pg of TE-dioxins
[11].

Dioxins are insoluble in water. Occurring in the form of industrial emissions in the river, they
settle down in the mules and soils, they accumulate from the sea water in the tissues of hydrobionts,
where their concentration is tens and hundreds of thousands of times higher than in water. The
feature of DLC is their ability to bioaccumulate. In model experiments with the introduction of
radio-labeled TCDD, it has been shown that its concentration in mosquito larvae is 9000 times
higher than in water. The next link of the food chain consumes mosquito larvae - a fish or waterfowl
- "purposefully” increases the concentration of poisons in the fatty tissues of your body, where it is
practically not displayed. The consumer of such fish receives concentrations of TCDD, which can
tens of thousands times exceed its levels in the environment [6].

As it was already noted, DLC is chemically stable compounds. Therefore, their half-life in
the environment is very long: for PCDD it ranges from 102 to 139 years, for PCDF it is 29-79
years [35, 6].

The main route of exposure to dioxins in the body is the food chain., the body gets 98% of
total dioxin supply with food, with air - 2%, with drinking water - less than 0.01%. A person who
weighs 70 kg receives TCDD (in pg/kg) with food - 0,35 during the day, with air - 0,006 and
consumer goods - 0,001. According to the US Environmental Protection Agency, daily intake of
dioxins is 1 pg/kg. According to other sources, the average intake of dioxins in the human body
varies from 0.03 to 0.05 ng/day. In the samples of urban air in Hamburg, 0.02 pg/m3 TCDD was
detected. If a person inhales 20 m’ of such air in one day, it is 0.006 pg of TCDD [16].

Water, as a product that people widely use for a variety of purposes, can also be polluted
with dioxins. There is an evidence that, under certain conditions, the chlorinated tap water may
be a potential source of dioxins. Back in 1980, scientists warned that a serious source of dioxin
formation in water utilities could be the process of disinfecting drinking water by treating it
with molecular chlorine. At the same time, it was demonstrated how compounds that can be
transformed into dioxin are formed in the process of drinking water chlorination. As it turned
out, humic and fulvic acids contained in water - natural sources of phenolic substances - in the
process of chlorination, converted into 2,4,5-TPHF, PCF and other chlorophenols. The danger
to people is sharply increasing in those settlements where, besides natural ones, there are also
man-made sources of phenols. There are numerous places where phenolic compounds regularly
thrown off by industrial enterprises, penetrate in water sources, became a permanent factor in
the environmental situation. It turns out that chlorination of water with molecular chlorine under
normal temperature conditions, even without a special selection of catalysts, for example, iron,
leads to the formation of an extremely large amount of PCDF and PCDD [16].

Dioxins are extremely stable in living organisms, as a result of which they are stored in the
biosphere for a long time.
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Toxic-kinetic studies in recent years showed that dioxins are very slowly eliminated from
living organisms, and there is almost no eleimination from the human body in general. Table 1
shows the half-life of highly toxic dioxin 2,3,7,8-TCDD in living organisms.

Tablel. Half-life Period of dioxin 2,3,7,8-TCDD in living organisms

Living organism Half-life period
(days)
Mouse, hamster 15
Rat 30
Guinea pig 30-94
Monkey 455
Human 2120 (5-7 years)

Highly-chlorinated PCDD have a comparable half-life in the human body - about 3 to 6
years. For high-toxic PCDF, the half-life in a human body is slightly smaller - from 1 to 3 years.
Scientists have established the obvious dependence of this value on the structure of PCDF. The
half-life of highly toxic PCB-169 in the human body is approximately 10 years [16].

Dioxins overcome the placental barrier due to their pronounced lipotropic properties.
From the mammals body, they are isolated mainly through the intestine in the form of phenolic
metabolites, as well as milk.

Like most chlorinated compounds, dioxins are well absorbed in the gastrointestinal tract,
lungs, and also through the skin. More than 87% of dioxins 2,3,7,8-TCDD, which enter the
body by oral administration, are absorbed into the gastrointestinal tract. They are accumulated
mainly in the adipose tissue, skin and liver. Table 2 shows data on the efficacy of dioxin
accumulation in organs, tissues and human excretions relative to blood (the distribution
coefficients are given).

Table 2. Data on the efficacy of 2,3,7,8-TCDD dioxin accumulation in human
organs, tissues and secretions relative to blood

Tissues, organs, seecretions Distribution coefficient
Fatty tissue 300
Skin 30
Liver 25
Breast milk 13
Walls of the intestine 10
Organs with intense blood circulation (brain, 10
spleen, thyroid gland)
Kidney 7
Muscles 4
Feces 0,6
Bile 0,5
Placenta (fetal blood) 0,1
Urine 0,00005
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Thus, it can be concluded that dioxins are one of the most dangerous substances, a
biophysical poison that, due to its properties, causes a huge variety of toxic effects.

MAIN METHODS OF DIOXINS DETECTION

Careful studies of various samples from the environment (waste products, soils, industrial
wastes, human fatty substances, etc.) indicate that most of the isomers and homologues of
PCDD and PCDF are present in them. Thus, people and the environment are exposed to the
complex mix of these pollutants, and there is a need for an adequate assessment of such
exposure [9].

For this purpose, the concept of toxic equivalents is used, according to which the toxicity
of any mixture of PCDD and PCDF or the toxicity of each DLC from the series of PCDD and
PCDF is determined in comparison with the toxicity of 2,3,7,8-TCDD. For DLC and their
mixtures, the toxic equivalent (TE) is calculated for 2,3,7,8-TCDD, for which the value of this
characteristic is taken as a unit [16].

There are several national systems for calculating the toxic equivalent found in practical
applications (USA, Canada, Switzerland, Germany). In recent years, the following systems
became especially popular in the international community - the US system and two
international (NORDIC and NATO working group).

Table 3 shows the toxic equivalents of DLC from the series of PCDDs and PCDFs, which
are officially accepted in EU countries [16].

Table 3. Toxic equivalents of DL.C from the series of PCDD and PCDF

Compound Toxic equivalemnt
2,3,7,8-tetrachlorodibenzo-n-dioxin 1
1,2,3,7,8-pentachlorodibenzo-n-dioxin 0,5
1,2,3,4,7,8-hexachlorodibenzo-n-dioxin 0,1
1,2,3,7,8,9-hexachlorodibenzo-n-dioxin 0,1
1,2,3,4,6,7,8-heptachlorodibenzo-n-dioxin 0,01
1,2,3,4,5,6,7,8-octachlorodibenzo-n-dioxin 0,001
2,3,7,8-tetrahlorodibenzofuran 0,1
2,3.,4,7,8-pentachlorodibenzofuran 0,5
1,2,3,7,8-pentachlorodibenzofuran 0,05
1,2,3,4,7,8-hexachlorodibenzofuran 0,1
1,2,3,7,8,9-hexachlorodibenzofuran 0,1
1,2,3,6,7,8-hexachlorodibenzofuran 0,1
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Quantitative and even qualitative definition of dioxins in natural objects is an
extremely complex, labor-intensive and expensive task. The cost of each dioxin analysis is
between $ 500 and $ 3,000, depending on various factors. Difficulties related to the very low
content of these compounds in the samples (10" - 10™"° g/g). In addition, there are many
isomers and homologues of dioxins with similar physical and chemical properties in samples, as
arule [16].

Each method for determining dioxins includes:

* sampling and their homogenization;

e extraction;

¢ introduction of labels or standards;

* purification;

e concentration;

* identification;

* processing results.

The stages of the samples preparation for identification include many very complex
procedures. For the final analysis, the only method is used - gas or liquid chromatography/mass
spectrometry. The presence of large differences in the toxic properties of isomers requires
identification for each of them in a mixture of pollutants. Therefore, it is necessary to have all
standard samples of a specific group of isomers for unambiguous identification. High-resolution
chromatographs with capillary columns, which are directly connected to the ion source of the
mass spectrometer, are used to identify individual isomers. The best results can be obtained
with the use of two-stage and two-dimensional liquid chromatography. In the case of the
consistent connection of capillary columns with less polar and more polar phases, the first
column ensures a clear distribution of the analyzed mixture into groups containing dioxins with
the same number of chlorine atoms, and the second column allows the accurate distribution of
isomers in each group. Using two-dimensional chromatography, only tetrachlorous isomers can
be prepared from the mixture of PCDD and PCDF: 7 - in the TCDD series and 10 in the series
of TCDF, with the sequential determination of each within the standard procedure [16].

For quantitative determination, mass spectrometric detection (mass fragmentography) is
used. The definition is based on measuring the peak area and comparing it using isotope labeled
(13C or 37Cl) internal standards or calibrated curves of external standards.

It should be noted that reliable analytical data on the dioxins content can only be obtained
in stationary specialized laboratory complexes. The cost of such complexes is 1.5-2 million
USD at the end of the twentieth century. There are about 50 such laboratories in the world
certified by WHO to determine dioxins in the environment.

CONCLUSIONS

1. The problem of dioxins is one of the highest priority in the world. It is possible to draw
conclusions from dioxin toxicity, even from epithets, which these substances obtained not only
by journalists, but also by serious scientists: "superoxidants", "chemical AIDS", "ecological
hormones", "ecological bomb of delayed action".

2. Dioxins are characterized by a wide range of biological effects on living organisms, due
to the structure and properties of these compounds. DLC molecules contain aromatic nuclei of
benzene in their composition, have a planar structure and are characterized by high symmetry.
According to the electron density distribution, its maximum is located on the oxygen and
chlorine atoms, and at least in the centers of benzene nuclei. The features of the electronic
structure determine the corresponding properties of DLC molecules: high melting temperatures,
low volatility and water solubility, high thermal stability, as well as resistance to the action of
oxidizers, acids, alkalis, extremely low activity of halogen atoms, high adhesion to any surfaces,
ability to accumulate in fatty tissues (lipophilic).
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3. The chemical properties of dioxins determine their high stability in environmental
objects. The half-life of 2,3,7,8-TCDD in the soil exceeds 10 (and sometimes 20) years, in
water and bottom sediments - more than 2 years.

4. Dioxins belong to compounds for which it is impossible to establish a toxicological
limit, as they affect the human body at the molecular level. Consequently, the concept of MPC
(maximum permissible concentration) should in fact be absent for dioxins.

5. It is proved that among the large number of DLC the most toxic are dioxins containing
halogen atoms in the lateral positions of 2,3,7,8. The highest toxicity in relation to the most
sensitive species - guinea pigs - detects 2,3,7,8-TCDD, and the smallest - 2,3,7,8-
tetrahloronapthalene, and, reducing or increasing the number of halogen atoms in PCDD
molecules dramatically reduces their toxic properties.

6. The quantitative and even qualitative definition of dioxins in natural objects is an
extremely complex, labor-intensive and expensive task. The cost of each dioxin analysis is
between $ 500 and $ 3,000, depending on various factors. Difficulties are related to the very
low content of these compounds in the samples (10- 12 - 10 - 15 g/g). In addition, there are
many isomers and homologues of dioxins with similar physical and chemical properties in
samples, as a rule.

7. One of the important problems encountered at the present stage of human society
development is the problem of improving ecological and analytical monitoring and providing
real data on DLC in the objects of the natural environment of Ukraine in accordance with the
requirements of the Stockholm Convention on Persistent Organic Pollutants for Effective
Health Protection of People and the environment from the harmful effects of ecotoxicants of the
21st century - dioxins.
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AHOTAIIS

JIOKCHUHH - CYYACHI IPIOPUTETHI OPT'AHIYHI
3ABPYJTHIOBAYI JOBKIJIJIA

AKTyalbHUM [HUTaHHAM CBOTOJCHHS € Ipo0iema 30epeXeHHsS HaBKOJMIIHBOTO
CepeIOBHINIA, BiJ] IKOCTI SIKOTO 3aJ€XKHTh XKHUTTS 1 3710poB’s Jroneil. B mpoueci rocnopapcbkoi
JUSUTBHOCTI BUKOPHUCTOBYIOThCS NoHan 120 Tuc. XiMIYHMX pedoBHH, cepen sikux — 70% 3
HEBM3HAYEHOIO TOKCHYHICTIO. /[0 TPIOPUTETHHX OpraHiyHMX 3a0pyAHIOBAaYiB JOBKLILIA
HaJIeXKaTh 1 JIOKCUHH.

Jliokcuan — 11e pedoBuHU | (HAWBUIIOTO) Kiacy TOKCHYHOCTI. IIpoOiieMa MiOKCHHIB €
OJIHI€I0 3 TIEPIIOYEPTrOBHUX B YChOMY CBiTi. IIpOo TOKCHYHICTH IOKCHHIB MOXXHa pPOOOTH
BHCHOBKH HaBIiTh 3 CIITETIB, SKMUMH Ili PESUYOBHHHM HArOPODKYIOTh HE JIUIIE KYPHAIICTH, a i
CEepHo3HI BYCHI: «cynepekomokcukaumu», <«ximivnuti CHI[», «eKono2iuHi 20pMOHU»,
«eKonoziuna bomba cnosinbHeHoi Oii».

JIst TIOKCHHIB XapaKTepHUH IMIMPOKUH CIIeKTp 0i0JIOTidHOI i Ha XKWBI OpPTraHi3MH, IO
00yMoBIeHUH OYyJ0BOIO 1 BiacTUBOCTAMH IuX crmoinyk. Monekynu JIIC (miokcuHOMOMIOHUX
CHOJIYK) MICTATh y CBOEMY CKIJIaJi apoMaTHuHi sijpa OeH3eHy, MaloTh IUIOIIMHHY OyJIOBY i
XapaKTepU3yIOTHCS BUCOKOIO CUMETPI€r0. 3TriTHO PO3MOIUTY €1eKTPOHHOI I'YCTHHH 11 MAaKCUMYM
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3HaXOAWTHCS Ha aromax OxcureHy i XJopy, a MIHIMyM — y IIEHTpax OEH3EHOBHX snep.
Oco0mmBOCTI €NeKTPOHHOI OyZOBH OOYMOBIIIOIOTH BiAMOBiAHI BiactuBocTi Moyekyn JIIC:
BUCOKI memnepamypu NiaeieHHsl, HU3bKY JemKIiCmb i pO3UUHHICMb Y 800i, 8UCOKY MePMIuHy
CMIUKICMb, a MAKoNC CMIUKICMb 00 Ol OKUCHUKIG, KUCIOM, J1Y2i8, HAO36UYAUHO Maly
AKMUBHICMb AMOMIE 2ANI02€HI8, GUCOKY a02e3itlo 00 OYOb-IKUX NOGEPXOHb, 30AMHICMb 00
HAKONUYEHHSL 8 JCUPOBUX MKAHUHAX (TINOQIIbHICMb).

XiMiyHi BJTACTHBOCTI JIOKCHHIB BH3HAYalOTh IX BHCOKY CTaOUIBHICTH B 00 €KTax
HaBKOJIMIIHBOTO cepenoBuma. [lepion namiBposmaxy 2,3,7,8-TXII (2,3,7,8-terpaxiop-
MUOEH30-n-I0KCHH) y IpyHTI neperuirye 10 (a iHoai 20) pokiB, y BOJI Ta JOHHHUX BiJKJIagax —
MOHAJT 2 POKH.

KinpkicHe 1 HaBiTh SKiICHE BU3HAYCHHS IOKCHUHIB y IPUPOJHUX 00’ €KTax € HaI3BUIANHO
CKIIQJHOI0, TPYIOMICTKOIO Ta JOPOTOI0 3ajadeto. BapTicTh KOXKHOTO aHaji3y Ha TIOKCHHHU
ckiamae Bix 500 mo 3000 momapis CIHA B 3amexxHocTi Bim pisHuX (akropiB. TpymHormi
NOB’A3aHI 3 Ay’ke MaluM BMICTOM LuX cromyk y 3paskax (107°-107" r/r). Kpim Toro, B
po6ax, sIK MPaBUIIO0, MPUCYTHS 0e3IiY i30MepiB Ta TOMOJIOTIB JIOKCHHIB 3 MOLIOHUME (i3HKO-
XIMIYHIMH BIaCTHBOCTSIMH.

KokHa MeTOoAMKa BU3HAYCHHS [IOKCHHIB BKIIFOYA€: BinOip mpoO Ta iX roMOTreHi3alliio;
EKCTPaKIIilo; BBEJACHHS MITOK ab0 CTaHAApTIB; OYMCTKY; KOHIEHTPYBaHHS; igeHTH(IKaIo Ta
BU3HAYCHHS; 00pOOKY pe3yIIbTariB.

JIis KimbKICHOTO BHU3HAYCHHS BHKOPUCTOBYIOTH MAC-CIICKTPOMETPHYHE JCTCKTYBaHHS
(mac-¢parmenrorpadito). BusHauenns 0a3yeTbcsi Ha BUMIPIOBAaHHI TUIONII MIKIB Ta MOPIBHSIHHI
iX 3 BuKOpHCTaHHAM i30tomHo Mmiuennx (°C aGo °'Cl) BHyTpimHIX cTaHzapTis a6o
KaJliOpoBaHWX KPUBHX 30BHIIIHIX CTAHIAPTIB.

OTxe, ONHIEI0 3 BAXKIMBUX INpoOJIeM, fKa IIOCTa€ HA CYJaCHOMY €Talli pPO3BUTKY
JIIOJICBKOTO CYCITINILCTBA, € MPOoOJIeMa BJOCKOHAJICHHSI €KOJIOTO-aHATITHYHOTO MOHITOPUHTY Ta
HagaHHs peanbHuX naHuxX npo JIIC B 00’e€kTax HaBKOJHWIIHBOTO MPHUPOIHOTO CEPEIOBHUIIA
VYxpaian 3rigao 3 BUMoramMu CTOKTOJIBMCBHKOI KOHBEHIIT PO CTiHKi opraHiuHi 3a0pynHIOBadi
g eEKTHBHOTO 3aXMCTy 3AOpOB’S JIOAEH 1 MJOBKULIA BiJ MIKiAJIUBOTO BIUTUBY
eKOTOKCHKAHTIB XXI cTOMITTA — JIOKCHUHIB.
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EDUCATIONAL POTENTIAL OF MUSEUMS IN
IMPLEMENTATION OF PATRIOTIC EDUCATION OF PRIMARY
SCHOOL STUDENTS AT EDUCATIONAL INSTITUTIONS

Abstract. In the article was elucidated an educational potential of museums near
educational institutions in the implementation of the patriotic upbringing of junior pupils, an
attention was paid to the history of the creation of the first diverse forms of museum and the
first educational museums near higher educational institutions of Ukraine; three types of school
museums are distinguished: school, regional and central. An attention was focused on the
conditions inherent in the creation of school museums in order to reflecting the result of
purposeful work in the execution of tasks of patriotic education of junior pupils. Relying on
modern educational documents, in the article was elucidated an important tasks necessary for
the creation of museums near educational institutions, the such types of funds of the school
museum as main and auxiliary was singled out. In the article we submitted also such a
conceptual apparatus: «museum near educational establishments», «school museum», «museum
near educational institutions»; we outlined educational, communicative, organizational and
informational functions of the school museum. The special attention was paid on the principle
of interactivity, which is necessary in realization of a person-oriented approach in the
educational process of the primary school. Also, we singled out the specifics of school
museums, we filed a comparative characteristic of the peculiarities of public and school
museums through the prism of the elaborated tables, and the main directions of activity of
school museums was elucidated: educational, scientific-search, stock and mass-educational.
Also, the emphasis was put on the creation of school museum complexes, intercurricular local
lore and reference museums, which play an important role in the patriotic education of primary
school students today.

Keywords: museums at schools, educative potential of museums, patriotic education,
elementary school students.

INTRODUCTION

Contemporary museology has broad prospects in Ukraine, because actively implemented
in the educational area secondary schools, particularly at primary school. The wide network of
school museums are operating in Ukraine which has gained special significance in terms of the
existence of the Ukrainian state.

Analysis scientific and educational sources shows that at the current stage of development
of Ukrainian museum arts first ever truly highlights the national liberation movement of the
Ukrainian people for their own state 1914-1945 y., state-activities ZUNR, publication societies
«Prosvita», «Native school», «Shevchenko Scientific Society», information about the
Organization of Ukrainian Nationalists, events in 1939-1941y., at West Ukraine, on the
activities of Ukrainian Insurgent Army, the Holodomor in Ukraine1939 y., Genocide during the
Stalinist repression and so on.

Among school museums the local history are occupying important places now, each
materials complements and specify the curriculum of natural science, Arts and Music. We must
say, that in the key change to this training programs elementary school attention is focused on
reducing the theoretical information, and more attention given for development of creativity,
physical activity, art [16]. The exhibits in museum helps forming in students pedagogical
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thinking, raising national pride for the state Ukraine. In order to develop museums job search
educates students conscious and careful attitude to monuments of culture and nature of the
region, love for its history, expanding their world, creating independence, initiative,
responsibility and tolerance. School Museum also help to feel involvement in homeland
traditions and values, educating students patriots of their country.

The patriotic training is important things for museums. Pupils are forming a common
moral culture, a sense of pride for their own school and they employees, by means of scientific
processing and storage of museum collections and the creation of expositions. The popular of
school museum, museum rooms are growing up every year. These rooms are being created
thanks to ethnographers, pedagogical staff of educational institutions, as well as to the
exploratory work of pupils.

Different aspects museum’s pedagogy are reflected in the works of modern scholars. In
particular museums pedagogy as promising direction in the modern system of national
education, its formation and development are considered [1; 2] ; the problem of forming
normative and legal framework the activities of museums at educational institutions of Ukraine
is highlighted [6; 10] gives the peculiarities of pedagogical interaction in modern «A society of
knowledge» through the prism of institutes the museum - school — university; [13] analyzes
pedagogical means of implementation of museum’s pedagogy in out-of-school educational
institutions; [12; 13] are considering educational functions of museums pedagogy as important
part of education and upbringing pupils and students ets.

The purpose of the article is disclose the importance of educational potential of museum at
educational institutions in the implementation of pupils patriotic education in elementary
school.

BASIC PRESENTATION OF THE MATERIAL

As the scientific-pedagogical literature certifies first than a museum appeared as a
specialized structure

Scholar L. Hayd astandsth at first educational museums were founded in Kyiv, Lviv and
Chernivtsi universities [6]. Historical heritage of modern scholars shows that acertain net work
of educational museums as subject rooms at city schools has been for medon the first half of
19" century, and then it gradually converted into independent museums. There were founded
first modest museum at provincial schools; visual-subject principle of training lied into the base
of educational process, for they represented small groups of visual means, natural scientific and
other collections necessary for illustrating the content of educational subjects [15].

At the beginning of 20" century school museums were represented as interschool mobile
museums of educational out fit. Their function was to provide educational institutions with
necessary visual means and manual sand to promote pedagogical knowledge of teachers. We
want to notice that progressive educators payed great attention on school museum. They
believed that school of those times could not function well without museum like workshop does
not function without tools. These museums were founded for development an deducation of
students creative activity, for they became the object of observation and a means of cognition of
the environment and regional studies.

Scientific and pedagogical sources of modern scholars show that an important role palyed
«childrens museum». It had to bring children closer by the things they had seen and by the
things they had heard, to make their own discoveries by making own exhibits and enriching
visual information using principle — knowledge of the subject means to follow it [20].

Contemporary scholar L. Hayd argues that the following three types of museums should
be distinguished in the system of educational institutions:

1) school (collection of visual devices and collections at school);

2) regional (composition and exhibition of visual devices);
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3) central — county as a general education with a regional study area [6].

There fore, visual-subjectprinciple of training lied into the base of educational process of
museums of 19" century. It had spontaneous character, for formation of museums at the
beginning of 20th century paid great attention on its educational-developing functions, for
museum converted from educational-subject cabinet to interschool exhibitions of visibility.

Analysis of scientific sources shows that museums asocial institute were formed in the
process of long-term historical development that was based on enriching of content and
methods of activity and searching of own place in society. Anessential feature was the
collection of museum stuff [7].

It is worth noting that state authorities paid special attention to educational museums in the
70-80™ of 20th century, Therefore, the museums carried out ideological and educational role.
We have coveredi nformation gathered from Soviet textbooks for primary school students [3;
4].

A new stage in the history of educational museums has come after declaration
of independence in Ukraine; In the process of reorganization museum institutions devoted to the
history of the party and the Komsomol, V. Lenin and the October Revolution disappeared, there
were founded museums of Ukrainian national movement devoted to famous events of Ukrainian
history, life and activity of outstanding leaders.

Modern scholars out line characteristic features of educational museum — i.e. proper
arrangement of funds and ensuring of their keeping [13] The aim of school museums
foundation is a significant event that is not limited to a formal act, but is the result of a purpose
ful systematic, creative and research exposition that contributes to successful implementation of
thet asks for the upbringin go for primary school students. All the collected material softhe
expositions houldbe a live mention of the historical past, history of the motherland, which
contribute to revival of the national education system as the most important link in the
education of consciouscitizens of the state. The basis of educational museums activity is the
idea of establishment of the statehood of Ukraine, upbringin gof the real patriots of the
Motherland in order to increase the efficiency of the educational process of primary school
students [9; 18].

Taking into consideration the educational document «Regulations on the museum at the
educational institution» (Ne 640) (Pravda M. and scientific sources of M. Falinskyi, I. Lychak,
educational museums are founded on public foundations and implementa range of important
educational rasks [12; 20].

It is worth noting that the set asks enable to deepen the study subjects of the state
component of primary school («Literary reading», «Natural science», «Man in the world»,
«Fine arts», «Labour training»), and subjects of school component («Folk Studies», «Christian
ethics», «Folklore»). Culture function is the main among basic functions of educational
museum, the leading place is defined by development of culture and erudition of primary school
student. For example, there are suggestions to create classroom museums and projects in
textbook «Man in the world» [15]. We outlined these subjects by analyzing textbooks for
primary school students published in independent Ukraine [3; 4].

We also highlighted the types of collections in the school museum:

— the main fund — original historical sights, nature, real memorials (tools of labor,
household items), written memos (books, newspapers, documents, works of fine art, botanic
and zoological materials);

— auxiliary fund — materials, which are created in the process of organizing the activities of
museums for a more complete disclosure of a topic, explanation of original sights (maps,
diagrams, models) [12].

Analysis of normative and legal act sin the field of preservation of museum sand
memorials, inparticular «Regul ationson the museum at the educational institution» allows to
stand that educational museum is a component of system of educational work at educational
institution, that remains in the sphere of governing of Ministry of Education of Ukraine,
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approved by decree of Ministry of Education of Ukraine Ne 640 from 04.09.2006 [12]. These
museum sare founded with the aim «involving student out to studying and keeping Ukrainian
historical and cultural heritage, formation of educated developed personality and assistance in
upbringing patriotism, love to Ukraine, respect to national customs, traditions and national
values of Ukraine [1]. Museum documentation consists of: Inventory book, book of excursions,
training sessions, planned mass events, act so freceiving and giving of exhibits, work plans,
book of reviews about museum.

There should be divided notions «educational museum» and «study cabinet», that is
educational subdivision of school, clearly defined set of manuals, educational furniture. We
agree with the opinion of scholars I. Lychak and M. Pravda that educational museum and study
cabinet should complement each other [12; 18].

Where as educational museum is one of important means of improving complex education
of students process, expansion of their horizons, development of cognitive interests and
abilities, we submit an interpretation of this concept from different points of view of modern
scholars.

The museum at the institution of education is alive not died exhibition of photographs
and documents; significant potential in the educational process of students, center for the
formation of socio-cultural competence of students, the main conditions for the creation of
which is the presence of original materials [9]. In these centers, research is being activated,
artistic and aesthetic and patriotic activities, focuses on forming the inseparability of the
elementary school pupils in the past, present and future of Ukraine.

The school museum is creative laboratory of national-patriotic education of youth; it is a
cell, which is arranged according to a certain theme and contains, in addition to museum
exhibits, pupils works created by pupils before and after visiting classical museums. The pupils
reviewing museum exhibits and getting a positive impression in these room [14; 19].

The school museum is a special developing space, created to bring students to the world of
art, expanding their cultural and national outlook, expanding their cultural and national outlook,
the formation of the ability to creativity, their vital competence, the development of
representation, fantasy through the implementation of productive activity and autonomy, is the
result of communication, the joint work of the teacher, the student and their parents [3; 4].

The school museum is a socio-cultural center of spirituality and village culture, the
repository of human memory in which objects and exhibited objects of culture, life and art.
However it is not the store of old things but the space for creativity where the dialogue between
the old and the new epochs takes place. It is a panorama of human life that reveals universal and
personal values, since the museum materials are presented the characters and destinies of the
past and present, the motives of its actions and the model of their behavior [11; 17].

The museum at the institution of education is a place of scientific and pedagogical
processing of the collected material created by their hands under the guidance of a teacher. It is
such visiting card of the educational institution because it reveals its history from its inception
to the present [5; 12].

We submit an authors definition of a school museum. The museum at the institution of
education is creative laboratory, which covers the important potential of the educational
process in order to create a plunge of elementary school students into the world of art for the
purpose of cultivating patriotic feelings in them.

Analysis of scientific and pedagogical and psychological and methodological literature
allows to distinguish a number of functions school museum: educational, communication,
organizational (creation of various variable exhibitions), cognitive (acquaintance with the
cultural), informational (formation of a steady need for obtaining relevant information).

An important principle, for our view, is a principle of interactivity, that reflects personality
didactics with the aim of acquiring personal experience of collision with reality of history and
culture: «Museum is a laboratory», «Museum — theater», «Museum is a game». It is the
realization of students in various activities with the use of exhibits in story-role games.
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Consequently, the implementation of the principles of museum pedagogy serves an important
component in the creation of school museums as a significant event in the life of the school.

Detailed analysis of scientific works of modern scholars allows to distinguish the specifics
of school museums:

— school museum is a part of the school structure, meets its needs their materials are used
in the educational process;

— take part in the creation of museums and act not as passive observers, but as an authors
and creators of exhibits;

— work in the museum captures students, Naturally stimulates their creative thinking,
strengthens and develops their creative interests;

— collected exhibits in the museum allow students to learn more about their people, their
life, art, folk art, nature and attractions, that is laying the foundations of patriotism;

— each exhibit is an accessible for pupil , which he can consider;

— educational potential is aimed at social adaptation and development of pupils' emotional
sphere, implementation of the subject-subject relations, creating a situation of success and a
welcoming atmosphere;

— participation in the creation of exhibits as pupils, parents and families.

The main feature of the museum, in our opinion, is the availability of a fund of original
materials, which correspond to his profile and can grow into a folk museum [15; 18; 20].

The museum at the institution of education from public museum is distinguished scientific
value, collection of collections and depth of scientific development of issues. We provide a
comparative description of the characteristics of public and school museums (Table 1).

Table 1. Comparative description in the features of public and schools museums

State-owned museums School museums
Expand the history of the great region Expand the story closer to the locals
You can not touch the exhibits with your | Pupils have the opportunity to take exhibits in
hands their hands, consider them, move it to another
location, create own exposition
Visitor is a passive observer Student - co-author, co-worker

G. Oleksenko highlights difference between school and school museum which we also
cover in the table 2 [15]:

Table 2. Differences betwen school and school museum

School School museum

Provides basic education to specific programs | Provides selective education

An  informative approach is  being | Education 1is carried out through the

implemented expansion of human sensory-emotional
experience

Communication is verbal Students are trained using primary sources

Uses a class-specific type of behavior Introduced museum etiquette

Advantage of verbal-visual-practical methods | The prerogative is the innovative methods

We also highlights common features inherent in the museum and school, they wants to
cultivate a sense of patriotism, conscious attitude to the achievements of world and domestic
science and culture. We agree with the opinion of modern scholars such as N. Hannusenko, O.
Lyapin, T. Maciejuk, R. Derrick, O. Valenkevich, that today must be new subject in school
associated with museum pedagogy [2; 7; 8].
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As we can see the work of museums at educational institutions is multifaceted. Today, the
use of modern technologies in museum pedagogy Requires the practical realization of the
experience of all the cultural and educational potential of the museum, such as «translation»
information, which focuses on museum exhibits [2].

We outline the main directions activities of school museums for this purpose (Table 3)

[10]:

Table 3. Basic directions of activity at schools museums

Name of the
field of activity
of the museums

Forms of the direction
of work of school museums

Results

Educational Tour and thematic excursions, | Development of abilities to perceive the
thematic lessons, mobile and | museum information through the
stationary exposition language of museum  exhibits;

development imagery; creating an
emotional atmosphere, favorable
conditions for the purpose of labor
efficiency; Use and popularization new
educational technologies in the form of
individual ~ projects; formation of
creative activity; the upbringing of a
value relation to a cultural heritage,
respect for museum values; education of
patriotic  qualities of pupils in
elementary school

Scientific Search activity, independent | Formation of creative activity;

research work on information retrieval development of interest in the work

performed; possession of relevant
information

Stock Video recordings, | The ability to present the material
replenishment  of  exhibits,
presentations, memories

Mass-educational | Excursions, exhibitions, | Enrichment with information;
meeting, round tables Competence of possession

information; Formation of subject-
subject relations

Figure 1. Working museums at Ukrainian educational institutions
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According to the results of the departmental registration of modern scientist L. Gaida, the
following museums at the educational institutions of Ukraine are in force, as shown in the
diagram (Figure 1):

- 847 military-historical;

- 649 - wide historical profile;
- 547 - local lore studies;

- 380 - ethnographic;

- 231 - history of education;

- 114 - literary;

- 721 — others [6].

Consequently, the types of museums listed by us in educational institutions play an
important role in the process of collecting, systematizing materials, and educating the patriotic
qualities of elementary school students.

CONCLUSIONS

Scientific sources stand that educational museums play role of methodological centers of
school regional studies that suggest forms of different work among teachers and parents on
school, district and regional levels. On the base of them there are conducted seminars,
conferences, open classes for leaders of other museums, educators, organizers.

Educational museum complexes, interschool llocal history museums and so called
supporting museums also play an important role today. Scholars I. Lychakand H. Yasiev stand
that supporting museums at educational institutions are the centers of patriotic work inextra
time, for there is formed museum active leaders of districts, heads of museum sex change
experience and study new forms and methods of activity there. Personal activity of heads of
museums plays an important role, most of them work on a voluntary basis.

Thus, for today educational museum is cultural and educational institution, that set not
only specific professional tasks but also scientific, aesthetic and educational tasks. In the
process of scientific research students study history and traditions of their native land, take part
in preservation of memorials and revival of the national and spiritual heritage.
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AHOTAIIS

OCBITHbO-BUXOBHUU IMOTEHLIAJI MY3EIB [IPA
HABYAJIBHUX 3AKJIAJTAX YV 3AIHNCHEHHI TATPIOTHYHOI'O
BHUXOBAHHS YUHIB [IOYATKOBOI IIIKOJIN

VY cTaTTi BUCBITJICHO OCBITHHO-BUXOBHUI HOTEHIia]l My3€iB ITpH HAaBYAIBHHUX 3aKiajax,
aKI[CHTOBAHO yBary Ha My3ei sIK CIeLialli3oBaHill CTPYKTypi, PO3KpPHUTO IOMy3elHi (opmu
HarpoMajpKeHHs KyJIbTYpHHUX LIHHOCTEH, siki 30eperimck y Qopmi ckapOiB, KoJeKwii, o
MaloTh Ii3HAaBaJbHE, €CTETHYHE Ta ICTOPUYHE 3HAYEHHS; MOJAaHO iH(pOPMAIiI0 PO TMepui
HaBYAJIbHI My3eil MpH YHIBEpCUTETax, MDKIIKIIbHI TIEPECYBHI My3ei, a TaKOX IMEpII «IUTIdi
My3ei». BHOKpemIieHO TpW THNH My3€iB, 30KpeMa IIKUTbHUH (30ipka HAOYHHMX MpPHIAIh Ta
KOJICKII y IIIKOJIi); perioHaJbHUN — TepecyBHUM (CKJIa[ i BHCTaBKa HAOYHHX MPHIIATH) Ta
[IEHTPATLHUHN — MOBITOBUH SIK 3araJIbHOOCBITHIN 3 Kpae3HaBYMM HANPSMOM. ABTOpPAMH TaKOX
BHOKPEMJICHO YMOBH, MpHTaMaHHI IIKUILHOMY MYy3€€Bi. Y CTarTi 3BEpHEHA yBara Ha MeETy
CTBOPEHHS IIKIJBbHUX MYy3€iB, IO € 3HAYHOI0 IIOMAi€I0, PE3yJbTaTOM  IIiJeCTIpIMOBAHOL
CUCTEMaTHYHOI, TBOPUYO-TIOIIYKOBOI Ta JOCIIIHUIBKOT €KCIO3ULIHHOT poOOTH, aKLIEHTOBaHO Ha
OCHOBHIM MiSUTBHOCTI IIKUIBHUX MY3€iB, IO BHCTYNA€ BaXJIMBOK IICE€I0 CTAHOBJICHHS
JIep>KaBHOCTI YKpaiHW, BHXOBaHHS CHpaBXHIX naTpioriB baTtekiBumHu. Y crarti 3po0ieHo
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BHCHOBOK, IO My3ei MNpH 3aKiaJax OCBITH CTBOPIOIOTECS Ha TPOMAACHKHX 3acagax i
BUKOHYIOTh HHM3KY Ba)XKJITMBHX OCBITHIX 3aBIJaHb. ABTOpaMH BHOKPEMJICHO Taki BHIW (pOHIB
MIKITFHOTO MY3€l0, SIK OCHOBHHMM ()OHA (OpHUTiHAJIBHI IMaM’STKHA iCTOpii, MPHUPOJH, PEUOBi
naM’sTKM  (3HapsAJs  Ipaii,lipeMeTd  1oOyTy), NHChMOBI IaM SITKM (KHUTH, Ta3eTH,
JIOKYMEHTH, TBOPH OOpa30TBOPUOTO0 MHCTCITBA, OOTAHIYHI Ta 300JIOTIYHI MaTepiand) Ta
JonoMDKHUH (oHI (Marepiayi, IO CTBOPIOIOTHCS B IpOLeci opraHizauii MisuIbHOCTI My3eiB
JUTSL OUTBII TOBHOTO PO3KPHTTS TI€T UM 1HINOI TEMH, TOSCHEHHS OPUTiHAIBHUX TaM ITOK (KapTH,
JiarpamMu, MakeTH, Mojeini). Y crarTi CTBEp/UKEHO, L0 WIKUIBHUH My3eH € CKIaJHHKOM
CUCTEMH OCBITHBOI POOOTH IpH HaBYAIBLHOMY 3aKiajli, ssKMH nepeOyBae y cdepi ynpasiiHHS
MinicrepcTBa ocBiTH i Haykn YKpaiau. Takox BHCBiTIeHa iH(pOpMAIig PO My3ed MpH 3aKiaii
OCBITH 5K )KHBY, JiHIOBY CHITy, a HE MEPTBY BHCTaBKY (oTorpadiif i JOKyMEHTIB.

ABTOpaMH BHOKpPECJICHO TIOHATIHHWUN amapar, TIOJaHO aBTOPChKE BHU3HAUCHHS
IIKUTBHOTO MY3€I0 SIK TBOpHYOi Jraboparopii, sIka OXOIUTIOE€ BAKIMBHHA ITOTEHIIaJl OCBITHBOTO
MIPOIIECY 3 METOI0 CTBOPEHHS NOPHHAHHS YYHIB ITOYATKOBOI IIKOJH y CBIT MHUCTEUTBA 32T
3MIHCHEHHS B HUX BUXOBAaHHS MATPIOTHYHUX MOYYTTIB. Y CTaTTi TAaKOX BHOKPEMIICHO HHU3KY
(GYHKIIH NIKITBHOTO MY3€I0: OCBITHHO-BUXOBHY; KOMYHIKalliliHY; OpraHizauiiiHy (CTBOpEHHs
PI3HOMAHITHHX 3MIHHHX BHCTAaBOK); Ii3HaBaJbHY (O3HAHOMJICHHS 3 HaJ0aHHSIM KYJIBTYPH);
iHpopMmaniiHy ((opmyBaHHS cCTiiikOoi mOTpeOM B OTpUMaHHI BigmoBinHOI iH(oOpMaii).
BaIMBUM TNPUHIMIIOM BHOKPECICHO IPHHIUN 1HTEPAKTUBHOCTI. TakoX BHOKPEMIICHO
crenudiky IIKUTbHUX MYy3€iB, Y MOJaHUX TAaONHIAX MOJAHO MOPIBHAIBHY XapaKTCPHCTHKY
0COONMBOCTEH TPOMAJICHKUX Ta INKUTBHUX My3€iB, BIMIHHICTh IIKOJIM 1 MIKIIBHOTO MY3€0,
OCHOBHI HallpsIM{ JiSUTBHOCTI IIKITPHUX MY3€iB, a Kpi3h MPU3MY HiarpaMu — mpodini YMHHAX
My3eiB NMpH HaBYANHHHUX 3aKiIagax YKpaiHH. Y CTaTTi TaKOXX € BHCBITJIIEHa iH(opMaris mpo
CIUTBHI PHCH, TPUTAMaHHI My3€[0 1 INKOJM, aKIEHTOBAHO yBary Ha IIKUIBHUX MY3€HHHX
KOMIUTEKCaX, MDKIIKUTBPHHX Kpae3HaBUMX My3esdX Ta TaK 3BaHUX OIOPHUX My3€ix IIpH
HaBYAJHHUX 3aKJIAJaxX, 10 HA CbOTOMHIIIHIN I€Hb Y TI03aypOYHHUNA Yac BUCTYHAIOTH BAXKITUBUMHU
ocepeaKaMy MaTpioTHYHOT POOOTH 3 MOJIOIIIMMY IIKOJISIPAMH.
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