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ABSTRACT

The article presents the results of monitoring the area adjacent to the Carpathian Biosphere Reserve for investigation
of unauthorized landfills and examines the ecological status of these ecosystems. Four unauthorized landfills for
solid waste in Pidgirna, Stanislav, Steryshory, and Feresok tracts with an area of 0.15 to 1.5 ha with a waste
accumulation period of 12-22 years and different morphological composition were identified, which had a
significant impact on the soil and water microbiota. Bioindication methods have shown changes in the microbial
communities of soil and water under the direct influence of unauthorized landfills. Increased the number of
organotrophic bacteria and micromycetes and decreased content of nitrogen-fixing microorganisms. The highest
number of bacteria using mineral forms of nitrogen (25.36-28.61 million CFU/g. d. soil) and micromycetes (51.8-
76.8 thousand CFU/g. d. soil) was in the soils of Pidgirna and Feresok with an advantage of 1.5-1.7 times and 2.5-
3.8 times compared to the soil of the protected area. Results of the analysis of water microbiome showed that it is a
sensitive indicator. The high number of anaerobic bacteria of the genus Clostridium was in the tract Feresok, so
above the flow of the study area 3.69 thousand CFU /ml of water, in a place close to the landfill 6.22 thousand
CFU/ml of water, below the flow of 9.35 thousand CFU/mI of water. Gram-positive bacteria of the genus
Staphylococcus varied from the most polluted area in Feresok to the least polluted in Steryshory: 3.89 thousand
CFU/mI of water, downstream 7.35 thousand CFU /ml of water. A close relationship was established between the
duration of solid waste storage at a certain site and the level of soil phytotoxicity (r = 0.92). In the soil of landfills in
Pidgirna, Steryshory, and Feresok tracts, the phytotoxicity index is significant (over 50%), which indicates a high
level of soil ecosystem pollution and increased environmental risks in the area of unauthorized accumulation of solid
waste.
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INTRODUCTION

Pollution of ecosystems can cause changes in structure and functions of soil and water microbime. The number of
organisms can be reduced due to the toxicity of the contaminants, but also changes can be observed at community
level in that tolerant or resistant organisms will benefit compared to those sensitive to the contaminants. It has also been
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observed that the exposure to some trace elements can induce resistance in soil microorganisms and also promote
resistance to antimicrobials (Chen, 2015; Symochko et al, 2018). In addition, soil contaminants can enter the food chain
and cause disease and mortality in soil-dwelling, terrestrial (including humans) and aquatic organisms. Polluted soils in
turn become a source of pollution for groundwater, through leaching of contaminants. The Framework Convention for
the Protection and Sustainable Development of the Carpathians defines a number of priorities in ensuring the
preservation and restoration of unique natural complexes of the Carpathians, including conservation and sustainable
use of biological and landscape diversity, prevention of negative impacts on mountain ecosystems, etc. (Rybak,
2019).

However, despite a number of environmental documents and international initiatives, the Carpathian region has an
unfavorable environmental situation due to significant uncontrolled anthropogenic impacts, among which
unauthorized landfills pose a great threat to the environment. Toxic compounds such as salts of iron, lead, zinc,
mercury, pesticides and other bioorganic compounds are often found in the soil (Tetenyova, 2017). This type of
pollution negatively affects all components of the ecosystem, in particular the functioning of the soil microbiome,
because during the decomposition of waste toxic compounds are released, landfills become the habitat and
reproduction of many pathogenic microorganisms.

Soil pollution is also closely related to groundwater and surface water pollution, including and those used for
drinking purposes. Biota (plants, fauna, microorganisms) and soil under natural conditions have undergone a long
path of coevolution. Today, their close relationship is maintained at different hierarchical levels of the structural and
functional organization of this system. Soils that are at the climax level of evolution have a stable multicomponent
grouping of biota, the diversity of species, life forms and physiological functions of which reflect their properties.
However, the evolutionarily formed unity of soil and biodiversity is quite vulnerable and can function in a balanced
way only if the integrity of all its components and natural landscapes in general is preserved.

The modern approach to assessing the quality of environmental objects is based on the principle of balanced
functioning of ecosystems and takes into account the relationship of components of the biocenosis and their
interaction with the soil environment (Demyanyuk, 2017). Diagnosis and assessment of the ecological condition of
the soil is an integral part of a comprehensive study of the state of the environment. Soil as a habitat for living
organisms contains very complex biocenoses, which causes complex processes at the biophysical, biochemical
levels and at the level of interpopulation interaction. Therefore, it is not always possible to predict the response of
the biotic component to contamination. Promising integrated methods for studying the state of the environment are
methods of biotesting and bioindication, based on the feedback of living organisms to the negative effects of
pollutants, they are able to provide reliable information about the quality of environmental components, including
soils (Symochko, 2017).

Biotesting methods make it possible to obtain an integrated assessment of soil toxicity in a relatively short time,
which should be used in monitoring studies. According to many leading scientists, ecologists, microbiologists, soil
scientists (Blakely, 2002; Borowik, 2017; Delgado-Baquerizo et al, 2018; Jiao et al, 2019; Symochko, 2020)
microbiological indicators of soil, as the most informative and sensitive, are a necessary components in
comprehensive environmental assessment of soils. Therefore, the assessment of environmental risk to natural
ecosystems and human health from the effects of soil pollution due to unauthorized landfills is relevant for
determining the level of environmental hazards and the development of appropriate environmental measures. The
aim is to study the ecological condition of soils and water in the area of unauthorized landfills around the Carpathian
Biosphere Reserve by bioindication method.

MATERIALS AND METHODS

The study was performed at Uzhhorod National University and the Institute of Agroecology and Nature
Management of NAAS during 2018-2020. The study materials were soil and water samples taken from various
transformed ecosystems (unauthorized landfills) around the Carpathian Biosphere. Soil samples were taken in
September-October by the method of squares (10 x 10 m) at a depth of 0—25 cm in accordance with DSTU 1SO
10381-6: 2015 and determined its ecological status by bioindication and biotesting:
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» The number of microorganisms of the main ecological groups - according to DSTU 7847: 2015 and standart
methods in soil and water microbiology (Zvyagintsev, 1991; Tepper, Shilnikova, Pereverzeva, 2004)

« Direction of microbiological processes in the soil - according to the relevant coefficients (mineralization-
immobilization (Cm), oligotrophic (Col.), pedotrophic (Kped.) By the calculation method (Zvyagintsev, 1991);

« Phytotoxicity of soil - using soil plates and test culture according to DSTU ISO 11269-2: 2002 and generally
accepted methods.

The results of the experimental studies were statistically analyzed using the Microsoft Excel program package.
Results were expressed as means (+) standard deviation (SD) and (SSDgs) smallest significant differences of
experiments conducted in quadruplicating. The level of significance selected for the study was P < 0.05 (Bailey,
1995).

RESULTS AND DISCUSSION

Carpathian Biosphere Reserve with an area of 8035.8 hectares is located in Transcarpathia region. Among a number
of factors that have a negative impact on the ecological condition of the reserve and surrounding areas are solid
waste, the reason for the accumulation of which is the local population and the tourism industry. It is worth noting
that in the entire mountainous area of the upper reaches of the Tisza River basin there are no landfills for solid waste
storage and disposal system. Only a small part of the waste is taken out for processing and disposal, and the rest is
dumped by locals and tourists in inappropriate places, including on the river bank. In general, the Tisza and its
tributaries serve as permanent transboundary waste pipelines to Romania and Hungary. The survey of the territory
adjacent to the Carpathian Biosphere Reserve showed the presence of a significant number of 9 landfills, which
were formed as a result of unauthorized dumping of solid waste, among which four garbage centers with the largest
area (0.15-1.50 ha) and significant danger to natural ecosystems in tracts Pidgirna, Stanislav, Steryshory and
Feresok. A visual inspection showed that the oldest and largest landfill in the Feresok tract has accumulated
significant amounts of a wide variety of household waste, including a significant proportion of construction
materials, household appliances, used batteries, plastic containers for household chemicals and other waste,
including those that are not recyclable.

The Steryshory tract is dominated by food waste, as well as their packaging, wraps for sweets, disposable plastic
containers, plastic and glass bottles and more. Plastic that is difficult to identify. As tourist facilities are being
actively built in the vicinity of the tract, the remains of construction materials, plastic, cardboard are brought here. In
the Stanislav tract, the landfill consists of several fragments and is located near the river, which increases the
ecological danger. It has accumulated a significant amount of waste, which is subject to sorting and recycling. There
are many glassware and plastic and polyethylene, food and beverage packaging, cardboard products and more.
Pidhirna tract is the closest to the settlement. There is a constant and systematic storage of household waste,
including dangerous. The typical composition of solid waste in this landfill is quite diverse. There is a large amount
of glass, plastic, paper, cardboard, rubber, medicines, wet wipes, containers of household chemicals and more. Most
waste is sorted and recycled. Vegetation changes were recorded around all landfills surveyed, and weeds and
invasive species completely displaced the aboriginal flora. Also, in the warm period of the year due to the
decomposition of organic waste, the release of an unpleasant odor was observed. Clusters of insects, rodents and
reptiles, which are potential carriers of various infectious diseases, were observed in landfills, which is especially
dangerous for humans and livestock.

The study of the microbiological condition of landfill soils showed a change in the structure of the soil microbiome
and the redistribution of the main ecological-trophic and taxonomic groups of microorganisms. In particular there
increased number of organotrophic bacteria and micromycetes. The highest number of bacteria using nitrogen of
organic compounds (25.36-28.61 million CFU/g. of soil) and micromycetes (51.8-76.8 thousand CFU/g. of soil)
was recorded in soils in Pidhirna and Feresok tracts with an advantage of 1.5-1.7 times and 2.5-3.8 times compared
to the soil of the protected area (Table 1). The high number of micromycetes can be explained by the peculiarities of
their physiology, which are characterized by more economical metabolism in combination with higher biochemical
activity.
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Table 1. The number of microorganisms of main ecological groups in the soil

Bacteria using Micro-
mineral | organic | Pedotrophic | Streptomycetes | Oligotrophic | Nitrogen | mycetest
Place of nitrogen | nitrogen -fixing, | husand
sampling min. colony-forming units per gram soil (CFU/g. of soil) % CFU /g.
of soil
Protected area 17,91 16,48 7,12 67 4,88 83,24 20,4
Steryshory 25,24 20,61 11,34 6,34 9,96 68,22 24,5
Pidgirna 35,12 25,36 22,64 4,22 13,88 47,90 51,8
Feresok 39,29 28,61 27,34 2,34 20,43 33,60 76,8
Stanislav 29,88 23,31 15,56 5,22 11,12 59,20 31,8
SSD 05 0,13 0,21 0,12 0,14 0,11 1,15 0,24

Therefore, it is natural that micromycetes proved to be more competitive with high adaptation to environmental
conditions. At the same time, representatives of these groups of microorganisms have a high degree of toxicity,
which determines the toxicity of the soil. There was also a rapid development of bacteria that use nitrogen mineral
compounds in 1.4-2.2 times and a decrease in the number of streptomycetes by 8-59% and nitrogen-fixing
microorganisms by 18-60% compared to the soil of the natural ecosystem. These changes were especially
significant in the tracts of Feresok and Pidhirna, where the duration of solid waste accumulation was 22 and 16
years, respectively. We found that the number of pedotrophic and oligotrophic microorganisms and microorganisms
that assimilate organic forms of nitrogen in the soil of landfills increased by an average of 2.70, 2.84 and 1.48 times,
which, respectively, influenced the direction of the main microbiological processes.

In the presence of organic waste the mineralization-immobilization increased by 12.4-27.1%, due to the rather
active reproduction of microorganisms that assimilate mineral forms of nutrients and perform the immobilizing
function of microbial community (Table 2).

Table 2. The direction of microbiological processes in the soil in the area of unauthorized landfills

Coefficient
Place of soil sampling mineralization - oligotrophicity pedotrophicity
immobilization
Protected area 1,09 0,14 0,43
Ur. Sterishori 1,22 0,22 0,55
Ur. Pidgirna 1,38 0,23 0,89
Ur. Feresok 1,37 0,30 0,96
Ur. Stanislav 1,28 0,21 0,67

The oligotrophic index varied in the range of 0.21-0.30, the coefficient of mineralization-immobilization - 1.22—
1.38 with a maximum in the soil of the landfill in the tracts of Feresok and Pidgirna, which indicates the
strengthening of microbiological processes of mineralization of soil organic matter, as well as narrow ratio of carbon
to nitrogen in the soil. In the soil in the Steryshory tract, these indicators were lower by an average of 5-36%.

High values of the oligotrophic coefficient in the soil of landfills indicate on reducing the content of nutrients in the
soil. Similarly, was increased the pedotrophic coefficient (C ped. = 0.55-0.96). In the soil of landfills was recorded
by 28-23% compared to the soil of the reserve, which indicates about activation of decomposition of soil organic
matter, including humic compounds.

An important indicator of the ecological condition of the soil is its phytotoxicity - an informative indicator that is
recommended for use in assessing the anthropogenic impact on the soil environment (Symochko, Dombay, 2007).
The obtained results show that the level of soil phytotoxicity in the area of accumulation is quite significant and
directly depends from morphological composition and duration of storage (Table 3).
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Table 3. Phytotoxicity of soil in the area of unauthorized landfills

Place of soil Number of germinated seeds Length Phyto-
sampling pks % roots | sprouts toxicity,%
mm

Control 26+0,8 87 12+0/4 9+038 —

Protected area 25+0,7 83 11+04 8+05 7,3

Sterishory 23+0,6 77 11+0,8 8+0,8 11,5

Pidgirna 12+04 40 9+0,9 6+07 53,6

Feresok 5+0,3 2 7+04 4+0,3 80,8

Stanislav 13+0,9 43 9+04 7+05 50,0

A close relationship was found between the level of soil phytotoxicity and the duration of waste storage (r = 0.92)
and the morphological composition of solid waste. The lowest level of phytotoxicity of the soil in comparison with
the control and the soil of the reserve was found on the territory of the smallest landfill and with the shortest term of
solid waste storage in Steryshory tract. It is dominated by recyclable household waste, which indicates low
environmental stress in the landfill area and is probably due to the distance from settlements and periodic waste
disposal. Whereas in the soil of landfills in other tracts the phytotoxicity index is significant (50-81%) and indicates
a high level of soil ecosystem pollution and increased environmental risks in the area of unauthorized accumulation
of solid waste. The level of soil phytotoxicity in the Stanislav tract is defined as above average. This landfill was
established a little later, but there is a systematic storage of solid waste and a significant amount of hazardous waste,
including those that are not recyclable. The number of germinated seeds of the test culture was 50% less than in the
control, and the average length of the seedlings was 2 mm less, the roots - 3 mm compared to the control. In the
Pidhirna tract, which is closest to the settlement, there is a constant and systematic storage of household waste,
including and dangerous, the level of phytotoxicity of the soil is above average. The number of germinated seeds of
the test culture is almost 46% less than the control. The length of the shoots of seedlings is on average 3 mm, and the
roots are 2 mm less than the control. The highest level of soil phytotoxicity was recorded in the Feresok tract, where
the landfill is the largest in area and has been operating for almost 23 years and the processes of decomposition of
organic matter, decay and half-life of mixed waste under the influence of natural factors are active. The number of
germinated seeds of the test culture was almost 8% less than in the control. The length of roots and seedlings of test
plants was almost twice less than the control and was 7 and 4 mm, respectively. This can be caused by direct
contamination of the soil with filtrate and accumulation of phytotoxic substances - products of metabolism of soil
microorganisms.

The rivers and streams of the Carpathian Biosphere Reserve are mostly clean and unpolluted. Their waters have a
favorable sanitary-biological regime, hydrochemical and microbiological indicators, oxygen regime (over 100%
oxygen saturation), a low degree of saprobity (putrefaction). Often water meets the drinking qualities, so it is used
for drinking, although sanitary epidemiologists do not recommend it. However, constant pollution has a negative
impact on the aquatic ecosystems in general. Results of microbiological investigation of water microbiota showed
that water microorganisms are very sensitive to the pollution (Table 4). The genus Clostridium includes
psychrophilic, mesophilic, and thermophilic species. The major role of these organisms in nature is in the
degradation of organic material to acids, alcohols, CO, H,, and minerals. Frequently, a butyric acid smell is
associated with the proliferation of clostridia. The ability to form spores that resist dryness, heat, and aerobic
conditions makes the clostridia ubiquitous (Rainey, Hollen, Small, 2009). Most species are obligate anaerobic,
although tolerance to oxygen occurs. Oxygen sensitivity restricts the habitat of the clostridia to anaerobic areas or
areas with low oxygen tensions. Growing and dividing clostridia will, therefore, not be found in air saturated surface
layers of lakes and rivers or on the surface of organic material and soil. Clostridial spores, however, are present with
high probability in these environments, and will germinate when oxygen is exhausted and when appropriate
nutrients are present. In particular, the number of gram - positive bacteria of the genus Clostridium is most recorded
in the tract Feresok, so above the flow of the study area 3.69 thousand CFU / ml of water, in a place close to the
landfill 6.22 thousand CFU / ml of water, below the flow of 9.35 thousand CFU / ml of water, slightly less in
Pidhirna tract 1.31 thousand CFU / ml of water - downstream, close to the landfill 2.02 thousand CFU / ml of water,
upstream 4.03 thousand CFU / ml of water. Stanislav tract, respectively, 1.59 thousand CFU / ml of water -
downstream, close to the landfill -2.67 thousand CFU / ml of water, 3.89 thousand CFU / ml of water downstream.
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The best ecological status of water by this indicator was in the Steryshory tract. The numer of anaerobic bacteria
was lower in compare with another point of investigations: 1.33 thousand CFU/ml of water - upstream, close to the
landfill -1.82 thousand CFU / ml of water, 2.02 thousand CFU/m| of water - downstream.

Table 5. The results of the analysis of the water microbiota (CFU/ml.)

Meat Anaerobic Staff. Bilya
Place of water | Samples | peptone agar | ENDO bacteria (agar) selective Pure agar
sampling (MPA) *10* *10° *103 *10° medium *10
*104
Protected area 1 2,01 1,87 0,8 0,11 0,61 1,98
1* 2,17 2,36 1,33 0,63 2,87 1,78
Ur. Sterishori 2% 3,10 2,85 1,82 0,33 1,36 3,67
3* 4,31 5,27 2,02 0,12 1,11 2,13
SSD 05 0,68 1,20 0,95 0,48 0,55 1,06
1* 2,49 3,39 1,31 1,03 1,17 1,89
2% 3,12 4,83 2,02 1,69 1,88 4,67
Ur. Pidgirna 3* 5,21 7,22 4,03 2,34 3,24 6,19
SSD 05 0,66 1,22 0,94 0,44 0,68 1,12
1* 3,34 3,84 3,69 2,06 1,40 5,34
Ur. Feresok 2% 5,12 6,45 6,22 3,89 2,56 7,78
3* 8,90 9,39 9,35 7,35 5,68 10,88
SSD 05 0,61 1,03 0,92 0,59 0,75 1,34
1* 2,56 2,39 1,59 1,45 0,97 2,05
Ur. Stanislav 2% 3,88 3,73 2,67 2,03 1,97 3,96
3* 6,24 6,72 3,89 3,02 2,89 6,77
SSD 05 0,38 0,67 0,90 0,65 0,59 1,08

1 *- upstream; 2 * - the place of water sampling closest to landfills; 3 *-lower downstream;

The potential for bacteria present in human and animal wastes to contaminate water in nearby wells needs special
attention (Medema, 2003). An important source of contamination of surface and ground waters is runoff water from
agricultural and pasture lands, landfills and urban areas. Gram-positive bacteria of the genus Staphylococcus vary
from the most polluted area (Feresok) to the least polluted (Steryshory) within the following limits: 3.89 thousand
CFU/ml of water, downstream 7.35 thousand CFU/ml of water. Sterishory upstream of the study area -0.63 thousand
CFU / ml of water, in a place close to the landfill 0.33 thousand CFU/mI of water, downstream 0.12 thousand CFU /
ml of water. Studies conducted using ENDO medium to isolate enterobacteria indicate an increase in the number of
enterobacteria. Monitoring of microbiological indicators allows to estimate negative impact of contaminated areas
on microbiological communities of spring water, especially in places close to landfills and downstream. This can be
caused by leachate, which in large quantities falls from landfills into natural reservoirs during precipitation.

CONCLUSION

Unauthorized landfills are a powerful factor influencing the ecological state of ecosystems. Around the Carpathian
Biosphere Reserve, four unauthorized landfills were found in Pidgirna, Stanislav, Steryshora and Feresok tracts with
an area of 0.15 to 1.5 ha with a waste accumulation period of 1222 years and different morphological composition,
which had a significant ecological impact on ecosystems. A significant impact on soil and water quality near such
areas was determined. Changes in the soil microbiome under the direct influence of unauthorized landfills, namely
an increasing number of organotrophic bacteria and micromycetes and a decreasing content of useful nitrogen-fixing
microorganisms were fixed. At the same time, the intensity of mineralization-immobilization, oligotrophic and
decomposition of soil organic matter increases. A close relationship was established between the duration of solid
waste storage in a certain area and the level of soil phytotoxicity (r = 0.92). In the soil of landfills in Pidgirna,
Steryshora and Feresok tracts, the phytotoxicity index is significant (over 50%), which indicates a high level of soil
ecosystem pollution and increasing environmental risks in the area of unauthorized accumulation of solid waste.
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Destabilization of natural landscapes and ecological systems is largely associated with the pollution of water. So it is
important to protect all groups of microorganisms that carry out the cycle of substances in nature, including water
and soil microbial communities. After all, harmful effects disrupt the ecological balance, and pathogenic
microorganisms are able to eventually displace the beneficial microbiota, which is the beginning of the degradation
of natural ecosystems.
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