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DPSIR Framework

This report is an integral part of the “Sustainability Under Pressure: Environmental Resilience
in natural and cultural heritage areas with intensive recreation” (KA5033-SUPER) project of the
Karelia CBC Program, financed by the EU, Russia and Finland . The Project work was carried
out in October 2018 - January 2021, focusing on creation of conditions to improve environ-
mental resilience of the unique natural and cultural heritage sites found in the boreal land-
scapes of Karelia and Finland: 1) Kizhi State Open Air Museum and its buffer zone with more
than 20 villages (UNESCO heritage site); 2) Vodlozersky National Park, including Kuganavolok
village (UNESCO Biosphere reserve); 3) North Karelia Biosphere Reserve (NKBR) in Finnish-
Russian border region (UNESCO Biosphere reserve); 4) Rokua Geopark located 100 km from
Oulu in the region of Oulu and Kajaani (UNESCO Geopark site).

Main idea of the SUPER project was to deal with weak or uncertain environmental resilience
of the chosen target areas. They are visited by numerous tourists and it is hard to handle
the side effects of tourism and other anthropogenic factors (i.e., waste management, wear-
ing out of the surroundings and vegetation, pollution, eutrophication of waters, etc.).

This report presents a comprehensive case-study of four UNESCO national parks and re-
serves in Russia and Finland conducted by a team of international environmental research-
ers and specialists from seven organizations across the border: 1) Association “Centre for
Problems of the North, Arctic and Cross-border Cooperation” (North-Centre, Lead Partner);
2) Kizhi State Open Air Museum of History, Architecture and Ethnography; 3) Karelian Re-
search Centre of the Russian Academy of Sciences (KarRC RAS); 4) National Park “Vodloz-
ersky”; 5) Water, Energy and Environmental Engineering Research Unit, University of Oulu
(UOulu); 6) Forest Administration Metsahallitus, National Parks Finland; 7) Centre for Eco-
nomic Development, Transport and the Environment for North Karelia. Several study meth-
ods were employed to generate this report, including field visits, sample analyses made by
specialists, modelling and application of the DPSIR Framework method to the data collected
(more in chapter 2).

The DPSIR (Drivers, Pressures, State, Impacts, Responses) model is a causal framework for
describing the interactions between society and the environment, adopted by the European
Environment Agency; Where: Drivers are individual, social, economic, industrial and gov-
ernmental needs for its growth and development; Pressures - human activities in meeting
the needs (Drivers); State - state of the environment (physical, chemical and biological
conditions) as a result of the Pressures; Impacts - quality of ecosystem and human welfare
determined by the State; Responses - comprehensive actions by the society and policy
makers as the results of undesired Impacts. The goal of the DPSIR framework is to help
local decision makers, inhabitants, and stakeholders understand how different drivers can
for example impact their local economies, and how responses influence the current state
of environments. It also helps decision makers to identify areas needing work and prepare
appropriate response pathway.
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For the Russian study sites of Vodlozero and Kizhi, the DPSIR framework was updated with
field visits and studies by researchers from University of Oulu (UOulu) and Karelian
Research Centre of the Russian Academy of Sciences (KarRC RAS) with help from the staff

of Vodlozersky NP and Kizhi. Researchers from UOulu concentrated on the general hydroge-
ological conceptual analysis of the waste sites. KarRC RAS researchers studied soil, hydrolo-
gy, microplastic contamination and plant biology (plant cover) of the sites. The sites in Kizhi
and Vodlozero included waste dump sites, and in Vodlozero the tourist sites with trampling
issues were included were subjects of ecological and soil analyses.

Particularly, the conducted soil surveys in the waste dumps forming spontaneously near
villages in the Kizhi skerries region, and the largest unauthorized landfill near Kuganavolok
village in the Vodlozersky National Park have been conducted. The soils were sampled from
each site, and heavy metal content was determined as one of the most important indicators
of waste dump'’s detrimental effect on soils. In addition, the temperature conditions were
monitored, sanitary bacteriological surveys were carried out, and soil acidity was determined.

The studies showed that the pH of soils in the waste dumps was higher than in the back-
ground, i.e., the acidity was declining. Soil contamination in the dumps depends on waste
composition. Smaller dumps, where the main components are glass and plastic bottles, are
less hazardous, as they do not cause heavy metal pollution or alter the sanitary parame-
ters. The dumps with substantial amounts of cans, nails, springs and other waste containing
ferrous and non-ferrous metals featured elevated concentrations of some elements - zinc,
copper, and arsenic - were discovered. The largest waste dump in the Kizhi skerry region (in
village Sennaya Guba) is a serious source of soil pollution with heavy metals. It was found to
contain high concentrations of copper, cadmium, zinc, antimony, tin and other heavy metals
and semi-metals.

The surface layer of soils in the large unauthorized waste dump near village Kuganavolok in
Vodlozersky NP contained zinc and lead concentrations exceeding national regulatory lev-
els. Maximum permissible concentrations were exceeded also for tin and antimony. Sanitary
bacteriological analyses showed enterococci to exceed the limit 1000-fold, and the coliform
bacteria index was at the threshold of permissible levels.

Another aspect studied in the camping grounds most popular among tourists in the Vodloz-
ersky NP was the effect of recreation on soil water and physical properties. They were found
to change in line with the degree of trampling - free moisture content in the soil declined
and upper soil layers became slightly compacted, affecting moisture and nutrient supply to
tree roots.

The temperature conditions in waste dumps differ significantly from the control. The primary
reason is alteration of the ground cover, the lack of which in wastes dumps facilitates warm-
ing up of their soils. The temperature rise is the most substantial in the upper soil layer, but
the tendency persists, although to a lesser scope, in the underlying horizons, too.

The plant cover of tourist campsites and waste dumps in Vodlozersky National Park and Kizhi
Archipelago was surveyed during the Project. Assessment of the living ground cover (LGC) in
campsites (Vodlozersky NP) showed their flora to be vastly different in the species diversity
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from natural undisturbed forest sites, being 5.4-7.6 times richer. On top of retaining a majori-
ty of typical forest-associated species, campsite flora is continuously enriched by introductions
of regionally common meadow and ruderal elements.

Each site has areas with heavy, moderate, and mild trampling damage. The spatial scope and
characteristics of the disturbance depend on the presence/absence, siting and number of
infrastructure elements (fire sites, shelter pavilions, utility structures, etc.) within the sites,

as well as on the site’s accessibility by transport.

In heavily trampled areas, plant communities are disturbed in very similar ways: the forest
floor is ruined, soils are worn out down to the mineral horizon, tree roots are exposed, the
field (sub-shrubs and herbs) and ground (mosses and lichens) layers are represented by sin-
gular, usually trampling-resistant, species. Such heavy disturbance occurs locally, not reaching
beyond campsite limits, since trampling areas are dictated by a wide arrangement of utilities.
Zones affected by heavy (sweeping) trampling take up some 30-35% of the campsite area.

In the moderate trampling damage zone, the living ground cover is fragmented, vegetation
patches retain traits of the campsite’s background plant communities. Forest-dwelling species
remain dominant (Vaccinium myrtillus, Vaccinium vitis idaeae, Deschampsia cespitosa, etc.). This
zone occupies 50 to 70% of the campsites and has a higher species diversity than the other
two due to enrichment with ruderal and meadow species. The ground cover in such zones can
differ significantly among campsites depending on habitat conditions and the chance of intro-
duction of diaspores of species alien to this specific forest community.

The mild trampling damage zones occupy 10-25% of the campsites’ total area, usually along
the periphery. The living ground cover is disturbed only in paths; the percent area worn out
by trampling is 10-15%. In the future, given the same mode and intensity of use, the disturbed
area within the campsites will not grow any significantly. Further changes will probably be
connected with the introduction of native meadow species and alien species.

The flora of waste dumps in Vodlozersky NP and Kizhi Archipelago features a far greater (2-8-
fold) diversity compared to the surrounding undisturbed forest communities. The number of
species in the largest dumps (Kuganavolok, Sennaya Guba) is expectedly higher, whereas the
number of species in the micro-dumps far away from human communities is 2-3 times lower.

The flora composition in all the dumps is mainly made up of native species, while the share
of alien species can be 3-6 times lower, depending on the dump size, waste fractions and
amount. Plant communities in the dumps are mostly composed of boreal meadow and forest
species. A substantial group (approx. % of all species) is pioneer species (ruderals). Usual
inhabitants of waste dumps are so-called “escapees” - ornamental and food plants people
commonly grow in their subsistence plots (dill, onion, potato, etc.). The dumps were found to
contain four species classified as invasive in Karelia: Sambucus racemosa, Epilobium adenocau-
lon, Impatiens glandulifera, and Malus domestica.

The microplastics (MP) content in lake sediments was studied in protected areas - Vodlozer-
sky National Park (Lake Vodlozero), and Kizhi Open Air Museum (Kizhi skerries region of Lake
Onega). A total of nine sediment samples were collected and treated. All the samples con-



DPSIR Framework

tained microplastics. Their average content in sediments from the Kizhi skerries was 3413 +
1965 pcs./kg dry weight, which is somewhat higher than the levels previously determined for
Petrozavodsk Bay and the open part of Lake Onega. The highest MP content was observed
near the main pier of the Kizhi Open Air Museum. Average MP content in sediments from
Lake Vodlozero was 1506 + 845 pcs./kg. The elevated content of microplastics in sediments in
the protected areas is probably due to its input with wastewater and the degradation of large
plastic objects on the shore and in unauthorized waste dumps, after which runoff carries the
secondary microplastics to the water bodies.

Hence, in Vodlozero and Kizhi sites, the most pressing waste-related problems in both natural
parks seem to be illegal dumping of waste and insufficient waste management systems. In ad-
dition, challenges are caused by the waste load due to rather heavy tourism, growing number
of private recreational housing (dachas), recreational fishing (also partially industrial fishingin
Vodlozero case) and insufficient and especially outdated waste management systems. More-
over, infrastructures of the areas are not always on the good enough level to maintain suffi-
cient and sustainable waste management system.

The Rokua case site example in Finland showed how DPSIR approach (edited from the con-
ducted Multicriteria decision analysis) can clarify the connections between different aspects
of a protected groundwater area with seasonally low water levels and how it is managed.
The connections between lake ecosystems, groundwater and land use can be shown in an
orderly fashion which helps the discussions between experts, stakeholders, locals and re-
gional authorities.

Modelling is a powerful tool to analyze different management scenarios. The key part of the
modelling process is the conceptualization of case site and the studied hydrogeological dynam-
ics. The groundwater model conceptualization was studied in Rokua as a tool to enhance the
management of region. This helped to plan where to monitor the studied system for most valu-
able data and visualizing the system for discussions. It is a key step to build a functioning model
where the key dynamics of the system are represented in needed detail.

For the Rokua case, different land use scenarios were studied for management solutions.
Extensive drainage restoration by completely filling significant amount of ditches of the whole
protection zone could be seen currently as a too oversized, uncertain and expensive measure
compared to the benefits. Even though there was acceptability for the measures, the effects
from the lowest water levels were with economic impacts to tourism were temporary during the
dry periods. A smaller, sub-catchment scale pilot test of ditch filling would improve our knowl-
edge on the effectiveness of ditch filling restoration method. Also, the groundwater modeling
approach used in Rokua would be interesting to conduct for a smaller aquifer, of recharge area
less than 5 km. The impacts of peatland ditches for a smaller aquifer might differ with scale.

NKBR case site in Finland for DPSIR concentrated on the municipal solid waste (MSW) manage-
ment. The results showed that despite the increasing rise of popularity and demand for outdoor
recreation and increased number of visitors to national parks within NKBR, there has not been
any major environmental impacts regarding MSW across environments. Waste management
inside the national parks are largely under control, and waste related impacts on the state

of environments both inside the national parks and surrounding areas within the biosphere
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reserve are minimal. However, visitors and residents land-use values are linearly aligned with
these values concentrated along hiking routes, waterbodies, and protected areas. Active mar-
keting of the region as clean nature also requires that the promises are kept once visitors are
at the destinations. These pressure areas present the need for enhancing awareness to both

visitors and residents on importance of waste sorting and correct disposal of waste.

Moreover, under the NKBR scenario of continued growth in visitor numbers, ongoing tourism
plans, and linearity of land-use values by both visitor and residents in the area, considerable
attention needs to be given to the roles that residents and visitors can play, as well as tools
(such as reliable funding) that could help destination managers guide such actions.

When considering the well-functioning and more sustainable waste management in parks, the
issue of major concern is infrastructure and logistics improvement in the areas. For instance,
Kizhi could benefit from better shipping arrangements for the waste transportation - invest-
ments in water transport could help to improve waste management not only on the island,
but also in the protective zone. Vodlozersky National Park could also benefit from arranging
transportation across Lake Vodlozero. To find out the best solution for waste transportation
and management in the areas, the detailed and careful studies should be done, and amount
of waste and waste fractions need to be solved for the proper planning and sizing of the more
sustainable waste management system.

Results from the different DPSIR-studies in the case sites reveal the need for continuous
cross-border collaboration as a way of exchanging information and ideas, experiences and
best practices regarding waste management and water resource management across protect-
ed areas.
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1. INTRODUCTION

The SUPER project has aimed at creating conditions for improving environmental resilience of
the selected pilot areas in Russian Federation and Finland. The pilot territories are protected
areas with intensive recreational load. The project has focused on unique natural and cultural
heritage sites found in the boreal landscape of the Republic of Karelia and Finland: the Kizhi

State Open-Air Museum, Vodlozersky National Park, North Karelia Biosphere Reserve (NKBR)
and Rokua Geopark.

National Parks (NPs) have become increasingly popular environments for visitors seeking outdoor
relaxation and recreation in recent years, this trend is visible in both Finland and Russia. Tourism
in protected areas like NPs is unique in its sensitivity to human-impacts and climate-change driven
pressures. Statistical analysis shows that tourist inflow is positively correlated with the waste

generation problem. Furthermore, ecosystems' sustainability is affected by the activities of local
villagers and enterprises.

The problems, which the SUPER project consortium has tried to tackle, are the risk of environmen-
tal degradation of territories with high recreational load and the risks from land use to the case
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area. The consequences of human-induced impact can be the wearing out of the surroundings
and vegetation, eutrophication of waters, soil and water contamination, etc. The side effects are
different in different sites and presented in this report. Often these problems are exacerbated by
insufficient infrastructure and poor knowledge of local actors about environmental risks.

Research is necessary to investigate how recreational pressure influences protected areas, since
their mission, on the one hand, is to conserve the nature, while on the other hand people need
the opportunity to communicate with the nature. It is therefore important to assess and define an
optimal level of the load on protected ecosystems.

Waste is a serious environmental issue in the modern world. Virtually everything that the man
extracts, produces and consumes eventually turns to waste, harming the environment unless
properly deposited and recycled.

Water resources management is recognizably a challenging task worldwide. River catchment
management, restoration of eutrophic lakes, and agricultural irrigation in arid regions are just a
few examples of areas where expertise in hydrology, ecology, economics, and many other fields is
needed to build coherent plans for the future.

This report is the result of scientific cooperation within the SUPER project by partners from the
University of Oulu, KarRC RAS and CEDTENK. In their work they were assisted by partners from the
Kizhi Museum, Vodlozersky National Park, Metsahallitus, Parks & Wildlife Finland and Association
“North-Centre”, the lead partner of the project.

The particular study objects were determined by specialists working in the protected areas to-
gether with the researchers. As a framework the partners have chosen the DPSIR (driving forces,
pressures, states, impacts, responses) model - a causal framework for describing the interactions
between society and the environment adopted by the European Environment Agency. In this
report you can find the DPSIR frameworks for the four pilot territories: the Kizhi State Open-Air
Museum, Vodlozersky National Park, North Karelia Biosphere Reserve and Rokua Geopark.

The DPSIR analysis is supplemented in this document by results of soil, botanical, hydrological and
microplastic field research, conducted on the Russian sites. The case study of Rokua Geopark con-
tains model conceptualization of the Rokua esker system, it is an example of a method, which can
be used for better hydrogeological understanding of protected areas. At the end of the document,
you can find additional conclusions and recommendations.
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SUPER, Sustainability Under Pressure: Environmental Resilience in natural and cultural herit-
age areas with intensive recreation (KA5033) project has lasted over two years, October 2018
-January 2021, and it has aimed at creating conditions to improve environmental resilience of
the selected pilot territories, which are protected areas with intensive recreational load.

The project partners are:

e Lead partner / Association “Centre for Problems of the North, Arctic and Cross-border Co-
operation” (North-Centre), Russia;

e Kizhi State Open Air Museum of History, Architecture and Ethnography, Russia;

e Karelian Research Centre of the Russian Academy of Sciences (KarRC RAS), Russia;

* National Park “Vodlozersky”, Russia;

e Water, Energy and Environmental Engineering Research Unit, University of Oulu (UOulu),
Finland;

* Forest Administration Metsahallitus, Parks & Wildlife Finland;

e Centre for Economic Development, Transport and the Environment for North Karelia,
Finland.

SUPER project focuses on unique natural and cultural heritage sites found in the boreal land-

scape of Karelia and Finland:

e Kizhi State Open Air Museum and its buffer zone with more than 20 villages (UNESCO herit-
age site);

* Vodlozersky National Park, including Kuganavolok village (UNESCO Biosphere reserve);

* North Karelia Biosphere Reserve (NKBR) in Finnish - Russian border region (UNESCO Bio-
sphere Reserve);

* Rokua Geopark located 100 km from Oulu in the region of Oulu and Kajaani (UNESCO
Geopark site).

The sites are attractive and visited by numerous tourists, making them vulnerable, and threat-
ening their conservational values and capacities to handle the side effects of tourism (i.e.,
management, wearing out of the surroundings and vegetation, eutrophication of waters).
Proper environmental management and development of waste management capacities are
needed to reduce these negative impacts and maintain areas attractive also for tourism.

SUPER
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The main idea of the project has been to deal with weak or uncertain environmental resilience
of the chosen target areas - protected territories with intensive recreational load.

The problems identified are:

e Lack of knowledge of reasons for environmental degradation and poor knowledge of risks
related to the future status of the environment;

e Insufficient knowledge of waste management practices and traditional landscapes mainte-
nance;

e Low awareness and educational level of the target groups in sustainable development
management practices;

e Poor infrastructure and visibility to deal with the waste and other contaminants.

Within the SUPER project, the partners have attempted to comprehensively address the iden-

tified problems:

e Qur activities were aimed at studying recreational pressures (such as illegal dumps, effects
of transport and tourist activities) at the protected areas and improving environmental
monitoring through new methods;

* Inorder to build up resilience of protected areas we improved infrastructure - stations for
sorted waste and composting, containers, renovated tourist toilets, information boards, etc.;

* We conducted outreach activities (seminars, camps, volunteer clean-ups, drawing contest)
and created educational materials in order to reach out to all relevant target groups.

While implementing the above-mentioned activities we were looking for best practices
in Russia and Finland, exchanging information and learning from each other.

Karelia CBC is a cross-border cooperation programme creating an attractive region for people
and business. The Programme is financed by the European Union, the Russian Federation and
the Republic of Finland.

Study sites are presented in detail in chapters 3-6.

National Park “Vodlozersky” is a conservation, research and environmental education insti-
tution whose aim is to conserve the natural complexes and sites of special environmental,
historical and esthetic value, which are to be used for nature protection, education and aware-
ness-building, scientific and cultural purposes, and for controlled tourism. Since 2001,
Vodlozersky National Park has the status of a UNESCO Biosphere Reserve. Around 5000
tourists annually visit the park.

Kizhi State Open Air Museum of History, Architecture and Ethnography Federal State open-
air museum is the largest open-air museum in Russia. The exhibition comprises age-old wood-
en buildings, including houses, maintenance facilities, chapels and churches, transferred from
all over the Republic of Karelia, in total there are 80 architectural monuments dated 15-20
century. The center of the exhibition is the Kizhi Pogost - the architectural ensemble of two
18th century wooden churches and a belltower, inscribed on the UNESCO list in 1990. A buffer
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zone covering 9,999 ha has been established around Kizhi Island to ensure due protection of
the unique landscape of the area. Kizhi Museum is a nature reserve, working on preservation
of natural heritage on Kizhi Island and nearby areas. Annually over 160 000 visitors come to
Kizhi from all over the world. There are 258 full-time employees in the museum.

Rokua esker region is a sandy esker hill. It is a distinct glacial formation example which

has been given a UNESCO Geopark status. The region also has a national park and Natura
2000-sites. Tourism (hotels, entrepreneurs and 2nd homes) and forestry are crucial for the
economy of the area. Especially the tourism is dependent on the ecosystem state of the
region. The area has more than 60 lakes that are important ecosystems and crucial for attrac-
tiveness of the area. In the 2000s the lake conditions have caused concern of the local resi-
dents and stakeholders especially concerning the quantitative state of the lakes.

Koli National Park is located about 70 kilometers north of Joensuu, the capital of the prov-
ince. The park’s 80-kilometer-long marked trail network offers excellent hiking opportunities.
Wellness, sightseeing, hiking, skiing, and sports are among other nature outdoor activities,
important motives that attract visitors to the destination. The favourite place of the visitors in
Koli National Park is the peak of Ukko-Koli Hill, which is the main site of all landscape admira-
tion activities in the area. This scenic point is the highest summit in South-Finland, rising 347
meters above the sea and 253 meters above the lake Pielinen (the fourth largest lake in Fin-
land). Since its designation in 1991, notable increase in visitor numbers to the National Park
has been experienced and the visitor impacts are becoming more visible mainly during the
peak summer months. In 2019, 201, 800 visits were made to Koli National Park.

Petkeljarvi National Parkis situated close to the Finnish-Russian border. It includes bodies of
water and wild ridge scenes. The wild nature of the area is underlined by animals that thrive
in the park, such as beavers, ravens, and the black-throated diver (the emblem bird of the
park). The park’s forests have remained untouched by the forest industry with 150-year-old
shield bark covered pines as the oldest trees in the park. Petkeljarvi Camping Centre is located
at the middle of the Petkeljarvi National Park. It provides visitor information, accommodation,
food, sauna, and coffee. There are two ring-marked trails in the National Park. Apart from
hiking, one can also paddle and row in the National Park. In 2019, a total of 19,400 visits were
made to Petkeljarvi National Park.

Study methods consist of field visits, collecting samples, analyses made by specialists and us-
ing DPSIR framework method (more in Chapter 2).

The DPSIR framework (Drivers, Pressures, State, Impacts, Responses) has been widely adopted
for understanding links of different drivers with impacts in environmental questions.

The goal of the DPSIR frameworks is to help local decision makers, inhabitants, and stakehold-
ers understand how different drivers can for example impact their local economies, and how
responses influence the current state of environments (Kristensen 2004). It also helps decision
makers identify areas needing work and prepare appropriate response pathway.
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DPSIR framework assumes a chain of causal links starting with ‘driving forces’ (economic
sectors, human activities) through ‘pressures’ (emissions, waste) to ‘states’ (physical, chemical
and biological) and ‘impacts’ on ecosystems, human health and functions, eventually leading
to political/management ‘responses’ (prioritisation, target setting, indicators). Describing the
causal chain from driving forces to impacts and responses is a complex task, hence tends

to be broken down into sub-tasks, e.g. by considering the pressure-state relationship (Kris-
tensen 2004). DPSIR analysis outcomes can thereafter be used e.g. in discussions with locals
to pinpoint the key impact areas in the region or with decision makers on what management
actions are needed to respond to impact or potential pressures in a region.

Material and methods for Kizhi and Vodlozersky National Park
The DPSIR framework was updated with field visits and studies by researchers from University

of Oulu and Karelian Research Centre of the Russian Academy of Sciences (Fig. 1) with active
participation by the staff of Vodlozersky National Park and the Kizhi Museum.

Figure 1. Meeting in Vodlozersky NP. (photo Gulnara Akhmetova)
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Researchers from UOulu concentrated on the general hydrogeological conceptual analysis of
the waste sites. KarRC RAS researchers studied soil, hydrology, and ecology of the sites. The
sites in Kizhi and Vodlozersky NP included waste dump sites. The tourist sites with trampling
issues were included into ecological and soil analyses for Vodlozersky NP.

Soil analysis of the sites is presented in chapters 3.3. and 4.3. Hydrological analysis concentrated
on the microplastics in the surface waters of the sites (chapters 3.4. and 4.4.), but also included
general hydrological conditions of the Onego Lake around the Kizhi site (chapter 4.5.).

Ecological analysis considering the flora of the sites is presented in chapter 4.6. as a general
view for both of the Vodlozersky NP and Kizhi sites. The common ecological analysis gives
more holistic view of the possible species met at waste sites and risks for invasive species.

Material and methods for Rokua

The Rokua case study representation is based on previous work considering groundwater
and land use management conducted in Rokua region. The DPSIR approach in Rokua is
based on Multicriteria decision analysis work (Karjalainen et al. 2013) conducted in the case
site and modelling on MODFLOW model built for the area (Rossi et al. 2014). Both DPSIR
and the numerical modelling demonstration reports of the region are based on scientific
publications (Karjalainen et al. 2013, Rossi et al. 2014, Ala-aho et al. 2013, Rossi et al. 2012,
Eskelinen et al. 2015).

Material and methods for Koli and Petkeljarvi

The data consists of both primary and secondary sources. The secondary data is mainly
sourced through desk research. Google scholar, research articles from University of Finland
database, and articles from related journals were sourced (such are journals of sustainability,
cleaner production, and sustainable tourism). The primary data consists of regional studies
on land-uses, and water quality assessment. The water quality assessment data is from the
Centre for Economic Development, Transport, and the Environment and the Finnish Environ-
ment Institute. The land-use data was sourced from LIFE IP Freshabit and SHAPE NPA project
research from 2017-2019.

The DPSIR framework is used in this research to analyze and understand the links of the
different drivers (local-uses —- tourism) to waste generation and impacts on environments of
Koli and Petkeljarvi National Parks and surrounding areas. The analysis concentrates on land
(pressures on forests and forest biodiversity), and water (pressures on waterbodies) inside
the National Parks (NPs) and surrounding environments. This is because tourism activities
are stressed as dependent upon these, and tourism activities takes place not only within the
national parks, but also surrounding areas outside these targets, that lie within the Biosphere
Reserve (BR) (UNESCO 2019). The drivers, pressures, state, impacts and responses (DPSIR)
areas are investigated, after which recommendations offered for policy and decision makers.
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The DPSIR framework is based on the idea that there is a chain of causal parts starting from
driving forces (human activities, economic sectors) going through pressures (e.g., waste, emis-
sions) to states (chemical, biological, physical) and impacts (on ecosystems, function of society,
human health), finally leading to political responses (target setting, indicators, prioritization)
(Kristensen 2004). The main idea of the DPSIR framework is defined in the Figure 2.

Drivers (causes) Responses
Population; Transport; Energy use; Change of policy; new regulations
Power plants; Industry; Refiner- —

ies/Mining; Agriculture; Landfills; —
Sewage systems; Non-industrial

sectors; Land use

Pressures (pollutants) Impacts
Use of resources; Emissions (direct Environmental or economic ‘impacts’
and indirect to air, water and soil); < p on the ecosystems, human health,
Production of waste; Production of economic and social performance
noise; Radiation; Vibration; Hazards of society.

v

State (quality)

Air quality; Water quality; Soil
quality; Ecosystems; Humans;
Soil use

Figure 2. The DPSIR framework (based on Kristensen 2004).

In DPSIR, a need is a driving force. Driving forces are e.g., the need for shelter, food and water;
need for mobility, entertainment and culture; the need to produce at low costs. These human
activities (production and consumption processes) meeting a need exert pressures on the
environment. There are three main types: 1) excessive use of environmental resources, 2)
changes in land use, and 3) emissions (Kristensen 2004).

The state of the environment (physical, chemical and biological conditions) is affected due to
the result of pressures. The quality of the environment (air, water, soil, etc.) is affected in re-
lation to the functions that these compartments fulfil. The changes in the environment deter-
mine the quality of ecosystems and the human welfare. Changes in the state can have envi-
ronmental or economic impacts on the ecosystems’ functions and on human health and on
the economic and social functions of society. Society s or policy makers’ response (e.g., policy
to change to public transportation, lower CO2 emission levels) is the result of an impact. It can
affect in any phase of the chain between driving forces and impacts (Kristensen 2004).
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Figure 3. Vodlozersky National Park. Photo by Elena Fedorova.

3. CASE VODLOZERO, RUSSIA

3.1 Site introduction

Vodlozersky National Park is situated on the eastern side of the Onega Lake (Fig. 3.).
The National Park covers 4280 square kilometers divided between the Republic of Karelia
and Arkhangelsk Region.

Vodlozersky National Park is the second largest national park in Europe after Yugyd Va Nation-
al Park (also in Russia). Main region of the National Park and services are concentrated on the
surroundings of Lake Vodlozero (Fig. 4.).

Lake Vodlozero covers 322 km2 (average depth 2 m) and the main village of the region, Kugan-
avolok, is situated at a tip of a peninsula on southern part of the lake (Fig. 4.).
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Figure 4. Lake Vodlozero. Photo by Pekka Rossi.

Most of the tourists in the National Park region travel through the Kuganavolok village and
most of the permanent residents (300 inhabitants) in the region are situated on the Peninsula.
Therefore, the Kuganavolok region is the main site of waste management (collection, pro-
cessing and transferring). In previous decades the waste was collected to a waste site on the
southern side of the village (Fig. 5., red square). The waste site has now been closed and the
waste transported directly to Pudozh municipality for management.

Detailed information about the existing waste management situation was asked from the
personnel of the National Park for the SUPER project. On average, 600 cubic meters of mixed
waste is transported from the park each year, plus about 500 kg of sorted waste. The mixed
and sorted waste from Vodlozersky National Park is exported by LLC Avtospetstrans to the
landfills and waste processing facilities in Pudozh, Medvezhyegorsk and Petrozavodsk. Waste
is transported 80 km, 230 km and 400 km respectively, based on its kind and origin, in gar-
bage trucks from Kuganavolok village to Pudozh, Medvezhyegorsk and Petrozavodsk. Sepa-
rate waste collection is organized by the Vodlozersky National Park. Separately collected alu-
minum cans, glass, and paper, cardboard and plastic are transported 400 km to Petrozavodsk
by truck to LLC UVI-PTZ. At the moment, there are no suitable waste disposal facilities nearby.

About 400 people live on the territory of the Vodlozersky National Park during the winter.
The number grows up to 2000 during the summer. During the past several years, the number
of tourists in the park has been about 4600-5400 annually. In Kuganavolok village, the only
populated area within the National Parks territory, two shops are located. Waste contain-
ers are installed near the shops. There are no cafes, restaurants or any other public catering
facilities. Tourists cook and eat at equipped tourist places. Waste is taken to the Kuganavolok
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Figure 5. Map of the Vodlozersky NP village peninsula with the Kuganavolok village and old waste site
(red square).

village, where the separate waste collection and sorting station for further packing and export
is located. For now, there are enough containers for the mixed waste. Mixed waste is gener-
ally removed once a week, and twice a week in the summer. The separate waste collection is
performed by the National Park only. The park uses modified mesh containers for separate
waste collection.

Better waste management in the area and/or cleaning of the old waste dumps would improve
the attractiveness of the area for the tourists or social well-being of the inhabitants. The main
problems related to waste in the park is the existence of an old unmanaged landfill within the
Kuganavolok village area. It is necessary to export and remove the waste accumulated here
over the decades. The Park needs also to purchase the hovercraft with the platform for waste
containers to export waste from the upper reaches of the lleksa River, and the garbage truck
to export separately collected waste.

The National Park employee, who provides the separate waste collection and keeps order

at the waste containers stations in the Park, would also maintain the better waste manage-
ment in future. Regional operator LLC Avtospetstrans has concluded the contracts on waste
removal with each family. The price is calculated on the basis of family members' number
and specified standards of waste generation. Vodlozersky National Park pays for the mixed
waste removal under the contract with LLC Avtospetstran, as the separately collected waste is
exported by the Park.



DPSIR Framework

3.2. DPSIR for Vodlozersky NP
3.2.1. Drivers

The National Park has questions considering the old waste site. Currently the National Park
waste management includes assorting of waste in different sites managed by the park (Fig. 6.).
Both, the assorted waste from the sites managed by the National Park and the waste from the
village are transported outside of the region to the Pudozh municipal center. Considering the
old waste site, the impacts are unknown. Managers of the park region have not yet decided on
best possible approach for handling the old waste site.

TIACTUK ¢ 0 BMATA

Figure 6. Waste sorting bins at Ohtoma site on the western shore of Lake Vodlozero.
Photo by Pekka Rossi.

The number of residents in the area is rather small, but the visitors easily increase the num-
ber, hence, the amount of waste fluctuates depending on the time of the year. Also, local
working places are generating some amount of waste. Infrastructure in the area is not the
best possible, so in order to improve waste management, and to remove the illegal dumps,
the state of the roads requires improvement.
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3.2.2. Pressures

As the impacts of the old waste site is unknown it creates pressure to the National Park man-
agement. Does the old waste site impact the drinking water? What are the ecological impacts
of the waste site? Does the waste site have impacts to the behavior of the tourists or local
inhabitants if no action is taken? As the pressures are uncertain, the state and impacts have
uncertainties. Although, the waste in old waste sites could be typical Russian MSW (according
to Vtorothody 2020; mainly food, paper, plastic, glass, metal etc.), it is not known for sure, so
the treatment of old waste site could be done carefully to avoid more harm to environment
and people.

To better comprehend the pressures and state of the area, a field visit to the site was conducted
during June 3rd to June 5th 2019 by UOulu and KarRC RAS (Fig. 7.). The researchers elaborated
the details of the site to better understand what the hydrological, geological and ecological con-
ditions in the area are. They also investigated how the water supply is organized in the area.

Figure 7. Researcher at the closed Vodlozersky NP waste site. Photo by Pekka Rossi.

The first results concerning the pressure considered the organization of water supply. Based
on the information, most of the potable water and household water is pumped from the lake
straight to use with intake pipes situated further from shoreline in the bottom. The water
quality of the lake is acceptable for drinking water purposes, though color values are bit high
(probably due to humus from peatlands) based on environmental authorities. Based on our
National Park crew some of the people in the village have some problems with the stomach
due to the lake water and don't use it as it has low pH. Some wells are situated in the village
but not in use. Also, one spring is harnessed for drinking water purposes.
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During the field visit, a conceptual map of the waste site surroundings was created (Fig. 8.).
The waste site surroundings are rather flat, even though somewhat higher elevation is situat-
ed on the south side of the waste site. Also, some sandy hills based on the geology are situat-
ed on the south and south-east, next to the waste site. Based on site information, the waste
site was previously a sand extraction site. As the surroundings are rather flat, the exact hydro-
logical flow paths for the water are tricky to estimate. However, there would be two possible
flow paths for the waters flowing from waste site: surface flow or to groundwater.

Considering the surface water flow, there were two main directions of the water flow: there
were two lower areas next to the waste site where the water wasn't flowing but the elevation
would direct the water through a ditch in the north to small ponds and eventually to wetland.
The water in this ditch had electric conductivity of 161 mikroS/cm (compared to 26 mikroS/
c¢cm measured from the lake on the same day), indicating that some elements have dissolved
to the water. The ditch water had some oily surface, and the odor was strong. On the western
side a possible flow path to wetland was visible. If these are the main directions of the surface
water, then the water would flow through wetlands before reaching lake Vodlozero. The wet-
lands might work as a natural purifiers for the waters: e.g., the nutrients would be used by bi-
ology and the heavy metals might, at least on some level, bind to organic material. In this case
the load to the lake i.e., main drinking water source would have fairly good protection from
the waste site, even though the close surroundings might be heavily affected. To monitor this
pathway more in detail the wetlands should be checked for possible visible flow routes further
from the waste site and the phosphorus/ammonium readings from the waters at different
distances from the waste site could be checked.

The second possible pathway for waters from the waste sites is to the sand beneath. This
possibility is harder to analyze as the geology and the landforms were unclear. Based on soil
study by KarRC RAS, the soil on the southern side of the waste site is sandy (and the area has
been used for sand extraction) so there is a fair possibility that the water from the waste site
is seeping into the soil beneath. The exact direction of water is hard to define without piezom-
eters as the soil elevation is rather even. Based on the field visit the most probable direction
would be to North-East or South, depending on the soil type. In the West the initial check
seemed the soil there was clay, which would block the groundwater flow to that direction.
However, if the water is seeping to the soil, the groundwater flow might be slow due to small
gradients. This can be helpful for the lake water quality but soil in the surroundings of the
waste site is probably in a weak condition.

The detailed soil studies did find that some of the rare earth elements (REE) were high in the
soil of the waste site (see 3.3. for details), that can create risks to surrounding. Ecological anal-
ysis did find that the area had altered flora with some invasive species (see 4.6.).

Based on initial results from the field visit, the highest risk areas of potable water risks were
circled in Figure 9. The households in the surroundings should be checked for source and
quality. Waste site might have impact to the nearby water quality, but further the peninsu-
la and lake, the impacts most probably diminish as the lake volume is considerable and the
topography of the peninsula is rather even. The microplastic studies did not find any higher
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Figure 8. A) Detailed aerial view and B) Conceptual map of the hydrogeological settings of the closed
Vodlozersky NP waste site.
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amounts of plastic material from the sediments of the lake nearby the waste site (see 3.4.).
More interestingly, highest microplastic amounts were monitored in the northern parts of
Lake Vodlozero probably due to nearby river inlet.

Risks of lake water
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Figure 9. Regions for possible water quality risks and future steps to check possible impacts.

Considering the attractiveness of the region, the closed waste site might have negative im-
pact as it is situated on the side of the main road to the region. Considering the waste man-
agement impacts to the attractiveness of the region as a tourist destination, it is considered
important that the current waste management be functional, and the waste logistics secured
(e.g., road conditions). It can be assumed that the old waste sites and poor waste manage-
ment weaken the social wellbeing of residents and are making those areas less attractive to
the tourists and visitors. Considering ecological and environmental impacts of the waste site,
the results from KarRC RAS field visit offered more detailed information, e.g., on invasive spe-
cies and nearby soil quality which enhance the need for site remediation.

Based on the discussions with the National Park authorities, different options for the old
waste site have been considered, including its removal and closing. One option is transport-
ing the material from the waste site to Pudozh and/or Medvezhegorsk municipality and away
from the National Park site. This would remove the pressure to the site and would reduce/
minimize the future impacts to the site. The state of the area would replenish eventually once
the source is eliminated.
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Other option that has been discussed would be filling the site. This might diminish the impacts
but not remove the source. The key thought in this case would be how the filling is done. If the
material placed on top of the waste site has some hydraulic conductivity, the rainwater/snow
melt water might still reach the waste and the state of the surroundings might not improve.
From visual point of view, the area would look better. From these two responses, the first op-
tion would tackle the problem more thoroughly from the National Park area.

Considering these two options, the whole waste management strategy (old waste sites, exist-
ing systems, new plans, future possibilities based on studies on waste amounts and types) in
general should be considered. The impacts of the waste site to drinking water are limited (as
it seems), so no abrupt diminishing of drinking water sources is expected. However, based on
the soil (3.3.) and ecological (4.6.) analyses the site does have clear impacts to the imminent
surroundings. Considering this, before deciding the solution to the old waste site, the resourc-
es are probably more valuable on current waste management. The road condition improve-
ment to the Kuganavolok village might be a good point for waste collection to ensure the good
logistics from the region for the waste deportation. This would also encourage the transfer of
the old waste material from the peninsula.

The outcome of DPSIR framework for Vodlozersky NP can be seen in figure 10. More detailed
conclusions and recommendations for all sites are presented in Chapter 7.

Drivers Responses

+ Old waste site management * Transporting the waste from

+ Current resources on waste ) the old site to Pudozh
management + Concentrating on current waste

* Preferences of the people [ management

* Waste Management improvement
plan (supply, utilization, logistics
and road conditions)

v t

Pressures Impacts
* Does the old site or new waste * Attractiveness of region

create risks if not managed Income from tourism

7 < » . Showi

properly? Showing an example on local
* Removal of the old waste sites inhabitants
* Improving waste transportation * Social wellbeing

v
State

* Status of surface water
* Status of groundwater

« Status of drinking water
* Ecological impacts

* Ecosystems

* Human

Figure 10. DPSIR framework of the Vodlozero case site. (* refers to potential pressure, + refers to good
state, - refer to needing improvement)
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In all stages of their operation and even after closure, landfill areas pose high potential con-
tamination danger, so the ecological and geochemical characteristics of their environmental
components need to be assessed. The soil is one of the main natural components affected by
waste piling. The technogenic pressure alters the vectors of soil-formation processes, physical
and chemical properties of soils, and morphological characteristics of soil profiles (Zamotaev
et al. 2018; Nyika et al., 2020). The soil accumulates contaminants, including toxic pollut-

ants - heavy metals (JobpoBonbcknii, 1997, 1999; BoasHuuknia, 2005, 2008; BoaSHNLKWTA

n ap. 2012; NMnackmHa, NagoHuH, 2009; MoTy3oBa 1 agp. 2011; Barbieri et al., 2020, ®egopel,

n ap., 1998, 2008). As a result, there form local-scale geochemical anomalies (bawwapkesuny,
EdnmoBa, 1992; Roy & Mcdonald, 2015; Zilenina et al., 2017; Othman et al., 2019), which
appear even in small waste dumps (Pnannnosa, FKOpkosa, 2009). Furthermore, high organic
pollution of soils in illegal dumps poses sanitary hazard because the environment is favorable
for opportunistic and pathogenic microorganisms causing various diseases (Cokonos u gp.,
2014, Wang et al., 2020).

A special issue to be researched is the content of rare-earth elements REE, including lantha-
nides, in soil. Their latest application in electronic and other technologies has boosted their
extraction globally and resulted in their dispersal through the environment (Yasuo & Kami-
tani, 2006, Ramos et al., 2016) - REE extraction has risen nearly ten-fold since the 1970s.
The main anthropogenic sources of REE are ore mining and processing, oil processing, coal
combustion, disposal of domestic electronics (Fedele et al., 2008, Long et al., 2010, Gutiér-
rez-Gutiérrez..., 2015).

The soil is directly exposed to recreational load, so the scope of variation of its properties

is @ most objective criterion for evaluating the intensity of the impact. The recreational
impact begins with trampling down of the ground vegetation and forest floor (J1azapeBa,
MoposoBa, 1987, Kissling et al., 2009). The forest floor gets compressed and compacted, its
components are comminuted, so that eventually the floor gets weathered away and mineral
soil layers are exposed. The loss of the forest floor results in a heavier freezing of the soil,
changes in its physical properties and hydrological conditions, scarce and poorer develop-
ment of the ground vegetation, lower forest productivity. The soil deprived of the plant cov-
er and forest floor is susceptible to erosion by wind and water. Also, soil density is substan-
tially increased, the results being lower total porosity, reduced air exchange between the
soil and the atmosphere, greater variation of the thermal conditions (Mopo3oBa, /lazapeBa,
1983, Hill & Summer, 1967). Changes happen also in the rate of water percolation, which is
a significant factor for plant life. Poor water permeability of the soil reduces air supply into
it and leads to greater runoff and evaporation of moisture both from within and from the
surface of the soil. The overall outcome of that is gradual degradation of the soil and the
environment (Kuznetsov et al., 2019).
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3.3.2. Study sites

Surveys were carried out in several areas in the Vodlozersky National Park exposed to diverse
anthropogenic impacts - an illegal dumps and tourist campsites (Fig. 11).

Figure 11. Study sites in Vodlozersky NP.
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The trampled areas were diagnosed by comparisons against reference plots not exposed to
human pressure. Bulk density of soil mineral horizons was chosen as the parameter as being
the most prone to abrupt change under recreational pressure and easy to determine.

Samples for the analysis of the effect of recreational load on soil water and physical prop-
erties were taken by a borer (100 cm2 volume). Samples were taken and measured in 5-10
replicates for each type of surface. The high stone content of soils in the Okhtoma campsite
precluded the analysis of recreational effect on their water and physical properties.

Soil samples from waste dumps were analyzed for:

Soil classification (IUSS..., 2014)

Soil acidity - potentiometrically, using laboratory pH meter HI-2211-02 (Hanna Instruments,
Germany);

Organic carbon and nitrogen content - with CHN analyzer, 2400 Series || CHNS/O Elemental
Analyzer (Perkin Elmer, USA);

Labile phosphorus - by Kirsanov's method terminated by spectrophotometry with SF-2000
(Russia);

Total content of the heavy metals Zn, Cu, Pb, Cd, Cr, As, etc. - determined by inductively
coupled plasma spectrometry with microwave digestion of samples in inductively coupled
plasma mass spectrometer and laser ablation system X Series 2+UP-266 macro Thermo
(Ficher Scientific, Germany, USA).

Labile forms of Zn, Cu, Pb, Cd, Cr, etc. - measured by inductively coupled plasma spectrom-
etry with extraction by pH 4.8 ammonium acetate buffer (AAB). The amount of labile metal
compounds in AAB extracts is a measure of micro nutrients available to plants, and of the
ecological condition of contaminated soils. The content of labile Cr (ll1), Mn, Co, Ni, Cu,

Zn, Pb in soils is regulated by maximum permissible concentrations (MPC) set in the state
standard GN 1.2.3685-21.

Sanitary microbiological parameters - coliform index, pathogenic bacteria, enterococcus
index, pathogenic intestinal protozoan cysts, helminth eggs.
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3.3.4. Results

Campsites

Three campsites in Vodlozersky Park were surveyed during the study. Trampling damage in
the campsites mostly concentrated around built infrastructure, and the boundaries of the
disturbed area depend on the distances between infrastructure elements.

Zones with different degrees of ground cover and forest floor degradation were distinguished
within the campsites.

Heavy trampling damage zone is where the ground vegetation cover is absent (Fig 12.). The
forest floor is absent, and soil mineral horizons are exposed. Occurs in sites with the heaviest
human pressure - fire ring, dining table, at woodshed, around lodges.

Figure 12. Heavy degradation area in a campsite on Isl. Rogunovo.

Medium trampling damage zone (Fig. 13) - ground vegetation is present only around trees,
forest floor compacted and worn out (thickness ranges from 1 to 3 ¢cm). This zone corre-
sponds to digression stage IlI-IV and occupies on average ca. 25% of the campsite area.
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Figure 13. Medium degradation area in a campsite on Isl. Rogunovo.

Mild trampling damage zone (Fig. 14) - vegetation in suppressed condition, forest floor only
slightly compacted (5 cm thick at maximum). This zone can occupy up to 30-35% of the site
area and corresponds to digression degree llI-1ll. Not all the campsites had this zone.
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Figure 14. Mild trampling damage zone in a campsite on Isl. Rogunovo.
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The physical and water properties of soils were quantified in areas at different stages of di-
gression and with different types of use.

These parameters were found to vary depending on trampling intensity - free moisture con-
tent in the soil decreases (Fig. 14a), upper soil layers become slightly denser (Fig. 14b) affect-
ing moisture and nutrients supply to tree roots.
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Figure 14a. Changes in soil moisture content in relation to the degree of trampling damage, Isl. Rogunovo
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Figure 14b. Changes in soil density in relation to the degree of trampling damage, Isl. Rogunovo

Contrary to what was expected, the acidity of recreation-affected soils did not tend to change
towards weakly acidic or near-neutral reaction, even in the parking lot in the Okhtoma tourist
facility (Tabs. 1 & 2). The explanations are the short duration of use and not very high tourist
traffic.
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Table 1. Soil acidity variation in campsites on Isl. Rogunovo

“ Trampling damage | Depth, cm / Horizon pH KCI m

heavy 0-10 418 5.75
heavy 10-20 3.77 4.99
medium 0-10 3.86 6.25
Rogunovo 1
medium 10-20 3.73 5.22
mild 0-10 4.22 5.76
mild 10-20 3.69 5.82
heavy 0-10 4.1 4.86
heavy 10-20 3.58 4.4
Rogunovo 2
medium 0-10 3.86 4.75
medium 10-20 3.15 no data
o] 3.25 4.4
BF 3.64 4.45
Control
B2 4.14 55
BC 4.36 5.51

Table 2. Soil acidity variation in the Okhtoma campsites

Type of use Depth, cm / Horizon pH KCI m
4.5

0-10 5.34

Road 10-20 3.51 4.74
below 20 4.45 5.2

0-10 5.12 5.96

Parking lot 10-20 5.08 6.33
below 20 5.26 6.23

AdAT1, 0-12 4.83 5.8

Medium trampling B1, 12-23 4.61 5.56
damage zone BC1,23-32 4.21 5.7
BC2, below 32 4,79 5.87

0, 0-15 3.43 4.36

E, 15-35 3.18 4.43

Control EB, 35-45 3.22 5.43
BF, 45-70 5.27 6.33

BC, below 70 5.00 6.77
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Waste site

An unauthorized dump is situated near Kuganavolok Village (Figs. 5 and 15), occupying ca.
0.3 ha. The dump emerged spontaneously in a former sand quarry in the 1990s. It appears
as several large heaps of diverse garbage - wood, glass and plastic bottles and packaging,
domestic appliances, toys, diapers, lots of canisters, aluminum cans, etc.

&

Figure 15. Unauthorized domestic waste dump near VIg. Kuganavolok.

There are areas of pine-spruce forest along the road near the dump, growing on sandy Albic
Podzols, which were used for reference (Fig. 16).

The soil of the dump can be classified as Spolic Urbic Tehchosol (Epiarenic). It is a mixture of
sand and garbage - the result of a recent attempt to cover up the dump without removing the
existing waste (Fig. 17)

Soil pits were made in 3 points within the dump, where soil samples were collected from 0-10,
10-20 and 50 cm depths. Also, silt samples were taken from a small overgrowing stream in the
forest. Combined soil samples from the upper layer were collected for sanitary-bacteriological
and parasitological analysis.

Soil temperature loggers were deployed at 5 and 25 cm depths in three points in the dump
and in the reference plot to record temperature variations.

Variation of soil temperature conditions
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Figure 16. Reference soil pit. Figure 17. Soil under the unauthorized domestic

waste dump

The data obtained indicates substantial differences in the temperature parameters of soils of
the dump and the reference site (Fig. 18.). The primary factor was changes in the ground cov-
er: soil temperatures in nearly barren dump areas (points 1 & 2) were higher than in vegetat-
ed dump areas (point 3) and the control (the difference was up to 10-15 degrees). Points 1 and
2 also featured significant circadian soil temperature fluctuations.

Soil temperature variations at 5 cm depth, °C
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Figure 18. Temperature variations in the soil at 5 cm depth, °C (point 1, point 2, point 3, control)
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Soil temperature changed the most significantly in the upper layer, while the tendency in the
underlying horizons persisted but was less pronounced (Fig. 19).

Soil temperature variations at 25 cm depth, °C
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Figure 19. Soil temperature variations at 25 cm depth, °C (point 1, point 2, point 3, control)

Changes in soil agrochemical properties

Soils in the dump, their properties, including physical and chemical properties (Table 3), differ
from natural soils in the background.

Table 3. Physical and chemical properties of the soils surveyed (Vodlozersky NP)

0-10 cm 5.33+.0.49 6.12+0.65 1.4+0.74 0.19£0.12  0.005+0.002
Dump 10-20 cm 4.50£0.59 5.81+0.59 0.16+0.11 0.03+0.01  0.007+0.002

below 50 cm  4.42+0.89 5.81+0.76 0.07+0.02 0.01+£0.004 0.009+0.003

(0] 3.03 4.24 29.41 1.99 0.0035
Control 3.06 4.18 0.74 0.10 0.0006
Control
BF 4.22 4.95 1.06 0.15 0.0003
BC 4.3 5.39 0.07 <0.005 0.0003

Determinations of the acidity parameters of the soils showed that, as compared to reference
soils (pHKCI 3-4, pHH20 4-5), the parameters have changed slightly towards lower acidity (Ta-
ble 3). Potential pHKCI varied from 5.33 in the upper to 4.4 in the lower layers, whereas actual
acidity was near weakly acidic or neutral reaction - pHH20 5.8-6.1. This is associated with a
transformation of pedogenic processes, absence of acid, slowly degrading litter (needles, tree
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cones, branches, bark, etc.), dominance of herbs, grasses, etc. in the vegetation, and the com-
position of the waste deposit, which may contain alkalinizing agents.

Researchers have often observed elevated levels of carbon and mineral nutrients (nitrogen
and phosphorus) in landfill soils. In our case, only labile phosphorus content was elevated in
all soil layers in the dump, possibly because of the waste composition - food wastes, etc.

Total content of chemical elements

Waste is a key source of the input of various chemical substances and elements to the soil.
Hence, geochemical survey of the dump and comparison against a reference would help de-
termine the degree of the site transformation.

Studies revealed the total content and the content of labile forms of a wide range of chemical
elements in soils of the dump and the background control sites (Table 4). It is commonly held
that the most correct approach to determining the degree of soil pollution with various sub-
stances and elements is a comparison against background soils or a control (lobpoBonbCkniA,
1997, 1999, BoaaHuukmnia, 2005, Reimann et al., 2005, Reimann & Caritat, 2005, Reimann &
Garrett, 2005, Salminen et al., 2004).

Overall, soils in the dump featured a higher content of a majority of the chemical elements
studied than the control. The most obvious was zinc contamination in the upper soil layer - up
to 300-500 mg/kg, i.e., 6-10 times that of the control. A similar situation, but with a smaller in-
crease, was observed for lead, copper, and cadmium. Arsenic concentration was notably high
- its content in soil from the control site was below detectability, in the dump soil it was up to
2-3 mg/kg, and one of the samples contained 4.8 mg/kg. This fact definitely proves that the
wastes are a source of high concentrations of this hazardous metalloid. The same tendency,
although to a smaller degree, is seen for antimony - a sample from the upper soil layer in the
dump contained as much as 4.9 mg/kg, the average level being 1.5 mg/kg. Let us remark that
the above elements are usually mentioned as the principal contaminants of soils in landfills
(Barbieri et al., 2014, Gworek et al., 2016).

Compared to soils in the control, dump soils contained slightly higher (1.2-1.5-fold) concentra-
tions of the alkaline earth metals beryllium and strontium. Dump soils also showed a tenden-
cy to accumulate a majority of rare earth elements (REE), as compared to the control. E.g.,

for La, Ce, Pr, Sm, etc. this trend is even more explicit - their concentrations are 1.2-1.5 times
higher, while for other elements it is less expressed. We can therefore speak of an elevated
geochemical REE background in the dump soils, no doubt ensuing from a high content of
waste with electronic parts, whose alloys include many REE.

A closer study of the pollution characteristics and directions of element migration downwards
revealed the elements had different patterns of distribution across the soil profile. For ele-
ments such as Li, P, V, Cu, Zn, Pb, As, Sn, Sb, Mo, Sr, Be, Ba, the highest concentrations are
observed in the top 0-10-cm layer and decline with depth (Fig. 20). Hence, the contamination
of the dump soils with labile forms of copper, zinc, lead, arsenic, tin, and antimony is only sur-
ficial. The higher content of these elements in the upper layer is probably due to their capacity
to bind to organic matter to form metal-organic compounds, whereas the sharp reduction in
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their concentrations down the profile is due to wash-out by precipitation and leaching upon
organic matter decomposition.

m0-10cMm
m10-20cm

100 HIEe 50 cM

‘Bl

Cu n As/10  Sn/10  Sb/10

Figure 20. Depth-wise changes in the content of some metals and metalloids in the dump soil.

Meanwhile, the content of a majority of the studied elements, including REE, showed little
chance depth-wise, suggesting they were rather inactive in the process of biogenic accumula-
tion. Lanthanides also prove to be relatively inert chemically in soil-formation processes in a
humid climate (CamoHoBa, 2013). These elements are reported to form stable complexes and
poorly soluble compounds, preventing their leaching.

Table 4. Total content of chemical elements in soils of the dump and the control site, mg/kg

soil layer, cm/

Site horizon

Sc Ti v Cr Mn (o Ni Cu In

0-10em 1222109 2461216 73.09#5.05  677¢6.7 415+4) 9.60.8 3122253 374237 3014655
Dump 10-20cm 1176096  2687¢380  6714:784 711115 374+61 10.3+19 317#368  2532:469  49.2:64
below50cm 1164191 453130

(ontrol
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Y ‘ Ir ‘ Nb ‘ Mo ‘ (d ‘ Lu ‘ Hf ‘ Ta ‘ W
0-10 ¢m 1241142 783148 6.11:065 072009  0.89:0.23 02:002  1584:274  047:005  0.62<0.08
Dump 10-20 ¢m 1217255 799:218  591:115 033001 053012 02:003  1587¢397  044:009  045:0.09
below50cm  1179:259  869:246 572172  034:004  135:0.71 0.2¢0.04 172:461  042:013  045:0.13
E 8.74 978 6.37 BDL BDL 017 19.22 044 049
BF 11.74 561 8.25 059 0.36 0.21 1144 054 175

BC 11.29 985 541 BOL 0.69 017 113 0.34 037

(ontrol

Sn ‘ Ga ‘ Pb ‘ Tl ‘ Bi ‘ As ‘ Sb ‘ Te
0-10cm 3.84:088  1435:052 7422344 05:002 0152002 3632066  146:0.72 0.15
Dump 10-20¢m 128:0.12  1538:21  145:15 046003 013001 226201  0.22:0.04 042
below50em  129:027  1277#362  122¢04 047005 0142005  152:001  036=0.15 BOL
E 134 15.01 122 0.39 0.09 BOL HNO. BOL
BF 134 1775 135 045 0.15 BOL 017 BOL
BC 1 1754 129 042 012 BOL 012 BOL

Control

Li ‘ Rb ‘ Sr ‘ Ba ‘ Be ‘ La ‘ (e ‘ Pr ‘ Nd
0-10cm 1376:233  6424:316 302234 665¢68 3.15¢09  19.18+283 41072560 464085 1778126
Dump 10-20¢m 2176+467  61.23+433 2562 58212 1442047  1851+454  39.78:733 436109 16712402
below50cm  21.15¢647  58.82¢4.74 1545 58031 091 174:428 4044566  433:11  16.55¢4.16
E 6.66 56.11 265 604 BOL 1044 2093 241 9.54
BF 3292 62.77 228 592 0.99 15.62 3031 36 14.09
BC 1538 6256 243 544 0.95 14.67 2632 3.33 1282

Control

Sm ‘ Eu ‘ Gd ‘ Tb ‘ Dy ‘ Ho ‘ Er ‘ Tm ‘ Yb
0-10cm 3564045  086:01  294:035 0442005  244:028  045:005 1362015  02:002  137:0.16
Dump 10-20¢m 336:077  082:0.14 2812062  042:008 241047 0442008 132025 0.2:004  135:0.4
below50em  339:0.82 0842017  279:068 044201 2412054  044:009  135:028 022005  131:028

E 21 0.59 175 0.27 1.63 032 0.95 012 1.06

BF 293 0.74 238 042 1] 043 1.26 0.2 133

BC 248 0.63 229 0.35 211 0.37 112 0.16 1

(ontrol

Note: BDL - below detection limit; colors indicate: - transition metals, - post-transition metals,
- metalloids, - alkali and alkaline earth metals, - lanthanides.
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Content in labile form

Labile forms of heavy metal compounds and metalloids are of particular interest for hy-
gienists and environmentalists. It is believed that the most sensitive indicator of the state of
heavy metals and other elements is the content of their labile forms in soils (MuHckuia, 2013,
MoTy30Ba, 1999, BoasHuukunia, 2008, BogaHuukuin n ap., 2012). Contamination with HM labile
forms is the most dangerous, for this is the form in which they can be assimilated by plants
and enter food chains.

Our research results revealed a range of elements with an elevated content of labile forms in
the dump soils (Table 5), indicating a certain degree of pollution with these elements. Among
the elements studied, it is worth noting quite a high, although not exceeding the permissible
limit (MPC for labile zinc is 23 mg/kg), concentration of labile zinc in the dump soils - up to 30
mg/kg. Furthermore, the element’s lability is high - labile forms account for up to 10% of the
total content, possibly suggesting an anthropogenic input. Also, a high content of lead in labile
forms was found in some samples - up to 7 mg/kg (MPC being 6 mg/kg). The content of labile
copper, arsenic, cadmium, and nickel forms was also elevated, insignificantly exceeding the
limits.

Soils of the dump contained notably elevated concentrations of REE labile forms compared to

background soils. Their share in the total content was also higher, varying from 1 to 4%.

Table 5. Content of chemical elements in labile forms in soils of the dump and the control site, mg/kg

Sc Ti v (r Mn o Ni Cu In

0-10 0.03+0.01 0.06:0.02 0.05¢0.01 0.19=0.02 401137 0.010.01 0112002 0.41=0.09 13.35+0.96
10-20 0.080.03 0.080.03 0.07:0.01 0.21:0.02 1.93:0.86 0.02:0 0.17¢0.13 0.56:0.17 044021

below 50 0.09=0.05 0.05¢0.02 0.07:0.02 0.19=0.03 1.22:051 0.02¢ .01 0.12:0.07 0.35:0.09 0.55¢0.35

0 0.02 0.07 0.04 0.15 10.15 0.01 0.02 01 052

E 0.03 0.2 0.05 018 0.07 0.01 0.03 01 013

BF 0.05 01 0.05 029 027 0.03 0.05 013 018

BC 0.05 0.09 0.06 02 0.13 0.01 0.02 0.15 0.24
Y ‘ Ir ‘ Nb ‘ Mo ‘ Ag ‘ (d ‘ Lu ‘ Hf ‘ Ta

0-10 0.33<0.24 00120003  2:10°*+17107° 0010004 17107310 0022001  27107%1"10™* 0001210 11073107
10-20 0.79:0.72 0020009 3107110 002:0001  1°107*#3'10" 000420003  3'1073"10™* 0001:4°10™* 110748107

below 50 0484033 0010004 2107110 002:0001  1°107*£2°107°  0002:0.001 271071107 7°107*£1107* 1710733107

0 110-3 6107 1107 0021 10 0.005 7107 4107 3107
E 4103 107 77107 0.022 91078 0.002 7107 8107 4107
BF 0.03 002 410 0.023 107 0.005 1107 8107 3107

BC 01 6107 10 0.026 8107 0.001 410 4107 4107
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Dump

Control

Dump

Control

Dump
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0-10
10-20

below 50

0
E
BF

BC

0-10
10-20

below 50

0
E
BF

BC

0-10
10-20

below 50

0
E
BF

BC

0-10
10-20

below 50

0
E
BF
BC

Note: colors indicate:

W ‘ Re ‘ Hg ‘ Sn ‘ Tl ‘
11073421107 6710727107 7110723107 271073310 6*107*£2"10™*
8107457107 71107041070 3110*£1110* 37107+3°10™*  0.0012¢6°107*
510741107 41072171070 2710742110 3107343107 87104 4*107*

110 1107 51107 107 3107
10 7107 8107 107 5107
10 107 410 107 5107

As ‘ Sb ‘ Te ‘ Li ‘ Be ‘

0.060.01 00127107 3'10™£1"10™*  0.02:0006  4°107+2°10°3

003310 61071"10 2°107+1"10™*  0.042003  §1075*10°3

002:001 510731107 271072510 00420025  5*107%1*10°
71073 441073 1107 41073 6107
51107 3107 3107 0012 91073

5107 4107 0 0.007

Rb ‘ Sr ‘ G ‘ Ba La ‘
0.3:0.08 6.08:1.62 00013200003  5.68¢1.62 049:032
0.620.12 2.09:0.98 0002:410™* 4642137 0.96+0.82
0.57:0.17 2165132 8104221107 377:LU1 0.83£0.35

0.83 01 0.001 26 0.005
0.94 0.08 0.003 1189 0.04

092 01 0.003 592

Eu ‘ Gd ‘ Tb ‘ Dy ‘ Ho ‘
0.015+0.007 0.0920.05 0.007:0.004  0.052:0.032  0.006=0.0034
0.028+0.021 0.190.15 0015¢0.012  0.124:0.102  0.0135¢0.011
0.018+0.008 0.130.05 0.009:0.004  0.073:0.034  0.008+0.004

410 0.001 9107 8107 8108
0.003 001 77107 0.006 6107
0.006 0.04 0.002 0.02 0.002

- transition metals,

- alkali and alkaline earth metals, - lanthanides,

6107

042

Pb
177096
031£0.23

0.060.03

0.06
0.08
0.03

Na
1327195
1632¢1526

1437554

621
614
612

(e
0.91£0.56
1.35¢0.79

171£051

0.004
0.008
007

Er
0.016<0.01
0.038<0.033

0.022:0.011

i
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- post-transition metals,
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B ‘ Ge
0.32:0.07 0.130.06
0.170.01 001
0.140.02 0.01

01 1107
01 1107
012 31107
K ‘ G
16789 10682389
1683251 567+346
166163 4072291
1621 9
1607 8

1611 12

‘ Pr ‘ Nd ‘ Sm
0.12:0.08 0.69:0.48 0.1£0.06
0.2420.2 14116 0.2¢0.15
0.22:0.1 1312057 0.14£0.06

0.001 0.006 0.001
0.009 0.05 001
0.04 02 0.04
‘ Tm ‘ Yb Se
0001720001 0016001  0.0090.003
0.004:0.005  0.041:0034  0.012¢0.005
0.002:0001  0.022¢0011  0.008%
3107 10 0.003
107 0.002 0.01
5107 0.005 0.008

- non-metals.

- metalloids,
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Microbiological and parasitological studies of the soil

Dumps are dangerous not only because of the chemical contamination of the natural environ-
ment through waste degradation, but also because of biological pollution. Wastes contain
large amounts of microorganisms, some of which may be pathogenic. Sanitary bacteriological
analyses showed enterococci to exceed the limit 1000-fold, and the coliform bacteria index
was at the threshold of permissible levels. Other parameters conformed to the norms.

The chemical condition of soils in the dumps was studied in detail. Acidity-alkalinity properties
have changed towards lower acidity, and elevated phosphorus content was detected, posing
risk of ground- and surface water eutrophication.

Also, surface soil horizons in the dumps were chemically contaminated with some heavy
metals. Chemical pollution, as we know, is a “chemical time bomb” (Opnos u gp., 2002), and a
high total content of heavy metals can undermine the well-being of the area. Even for natural
objects that are not yet classified as contaminated, the situation may change if the conditions
change - climate, hydrology, geomorphology, vegetation community.

That is why the heavy metals and metalloids demonstrating an elevated and high content

- zinc, lead, copper, arsenic, are the most commonly named key soil contaminants in waste
dumps (Barbieri et al., 2014, Gworek et al., 2016). We can also speak of an elevated geochem-
ical REE background in the dump soils, no doubt ensuing from a high content of waste with
electronic parts, whose alloys include many REE.

According to the regulation “On the procedure of quantifying damage from land pollution with
chemical substances”, the studied dump soils belong to the low-pollution category, in spite
of the elevated content of some hazardous chemical elements.

Heavy metal contamination of soils is a degradation process that is hard to reverse. It is virtu-
ally impossible to lower the total content of metals in soils, except, perhaps, for well-drained
sandy soils, in which case, however, there is a risk of groundwater contamination. The solu-
tion usually suggested is to make the metals less labile: this reduces their leaching and fixes
them in the soil on the one hand and lowers their availability to plants on the other. To do so,
several soil remediation methods can be applied - liming, fertilization, addition of zeolites or
clay, phytoremediation.

Sanitary bacteriological analysis of the soils has shown that, according to SanPin (national
sanitary-epidemiological regulations and norms) 1.2.3685-21, the dump soils are extremely
hazardous based on the enterococcus index, and if especially dangerous germs are detected
in such soils, they should either be remediated or disinfected (with subsequent laboratory
control). Hence, the recommendation is to repeat microbiological analyses more thoroughly.
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The recommendation is to eliminate the closed landfill, whereas further remediation actions
can be proposed after a more thorough additional sanitary-parasitological analysis of the
territory.

As regards the campsites, their well-arranged infrastructure has helped avoid major recrea-
tion-induced changes in soil properties. The main forms of recreation detrimental for the for-
est in the campsites are bivouacking (putting up tents, making campfires, other infrastructure)
and treading (making paths, soil compaction, etc.).

To reduce the detrimental environmental impact of recreation, namely soil damage, the fol-

lowing improvements can be recommended for recreational areas:

1. Build decking in sites for tents to avoid soil compaction and trampling down of the ground
cover in campsites.

2. Mark out the paths most popular among tourists, as this will notably reduce the number
of alternative paths and thus mitigate overall digression.

3. Put up boards with information for tourists about the rules to be followed while staying in
the National Park.

In the past few decades, the problems related to the contamination of the environment with
anthropogenic polymers have become widely discussed by the scientific community (Moore
et al., 2008; Thompson et al, 2004; GESAMP, 2016). Polymer particles smaller than 5 mm
(microplastics) pose an emerging ecological threat in the opinion of the worldwide scientific
society (Moore, 2008; Andrady, 2011). Having a low specific density comparing with other an-
thropogenic litter, they can be easily transported over long distances in the water environment
and float over the water surface or be suspended within the water column (Rilling, 2012; Wright
& Thompson, 2013). Because of biofouling and aggregation, MPs are deposited and enter the
sediments which have been suggested to be the main sink for MPs (Woodall et al, 2014; Law et
al., 2010). MPs are widely dispersed in sedimentary deposits representing an integral record of
MPs contamination in the area. Their amount tends to increase several-fold over the next few
decades indicating the Anthropocene epoch (Zalasiewicz et al, 2016).

Moreover, because of their small size, they can be presumed as a food by many living organ-
isms posing a harm to them and may lead to lethal outcome (Cole et al., 2014). Particularly
dangerous is the ability of plastic particles to absorb persistent pollutants on their surface
(Ashton et al, 2010; Endo et al, 2005; Frias et al, 2010) and transport them from garbage
dumping sites, sewage tanks, and other sources of pollution to rivers, lakes, and seas. Thus,
they form a new vector for the spread of hazardous pollutants.
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MPs are divided into primary and secondary types. Primary microplastics are initially manu-
factured as small plastic items: these are preproduction pellets (or nurdles), abrasives applied
in cosmetics, abrasives for sandblasting etc. Secondary MPs are forming directly in the envi-
ronmental conditions due to disaggregation of large plastic derbies. MPs found in the environ-
ment are usually divided into several forms: fragments, beads, capsules and fibers. Fibers are
thin elongated items with one dimension significantly greater than the other two, fragments
are pieces of thick plastics of irregular shape with all three dimensions comparable, films -
sheets of plastic bags and other similar stuff with their thickness significantly less than other
two dimensions, beads are three-dimensional items of a rounded shape (Zobkov et al, 2020a).
Capsules are spheres made of plastic material, they can be hollow or contain some filler.

Currently, careful attention is being paid to the studies of MPs in the marine environment
while inland waters are being studied to a lesser degree in this regard (Li et al, 2019). In
Karelia, the microplastic abundance was studied in sediments of the central part of Lake
Onega and Petrozavodsk Bay (Zobkov et al, 2020a) which makes it possible to compare MPs
contamination in protected natural areas of the Kizhi National Park and the Vodlozersky
National Park with unprotected areas.

Sediment samples were collected using a Box Corer Grab. The 5 cm surface layer was trans-
ferred with a stainless-steel spoon into clean plastic bags (samples from Kizhi) or glass vials
(samples from Vodlozersky NP). The samples were stored at a temperature of 4 °C until
analysis in the laboratory. The samples were analyzed according to the procedure, described
in (Zobkov et al, 2020a; Zobkov et al, 2020b). In brief, 400 g of wet sediments were exposed

to preliminary wet peroxide oxidation, flushed with distilled water through a cascade of three
filter nets with 333, 174 and 100 um mesh size, followed by density separation with potassium
formate (HCOOK) with a specific density p=1.5 g/ml. Then floating solids were exposed to wet
peroxide oxidation in a water bath followed by digestion of the chitin fraction with 5% HCl,
drying and MPs detection under a stereomicroscope. MPs were classified into four groups
according to their shape: fragments, films, fibers, beads and capsules. A subsample was taken
to establish dry sediment weight that was analyzed gravimetrically according to the methods
generally accepted in the world practice (Hakanson and Jansson 1983). The microplastics
abundance was expressed as items per kg of dry sediment weight (pcs/kgDW). Schematic
maps are prepared using ArcGis 10.2.2 with Open Street Map cartography.

Sediment samples were collected at five sites in Lake Vodlozero (Table 5a, Fig. 21). The sta-
tions were divided into two categories: area of possible direct anthropogenic impact (stations
1vdl, 2vdl, and 3vdl) and background (5vdl and 4vdl), distanced from known point sources of
MPs contamination. The 1vdl station was situated at the entrance into the Rebolakhta Bay,
300 m oppose the pier of the Vodlozersky National Park Administration. The 2vdl station



DPSIR Framework

was situated near Kuganavolok village, 350 m opposite the village pier. The station 3vdl was
situated westward from the Kuganavolok peninsula, 300 m offshore. Stations 1vdl and 3vdl
were suggested as the impact zones of the local landfill site, 1vdl and 2vdl stations - as impact

zones of shipping traffic and domestic wastewater discharges.
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Figure 21. Sampling
stations for MPs
contamination in Lake
Vodlozero

Table 5a. Sampling sta-
tions in Lake Vodlozero
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All sampled sediments were silts with a wetness of 95.0£1.9% and an organic carbon content
8.5+1.0%. In this regard, they differ significantly from Lake Onego sediments (see case Kizhi),
having a significantly lower organic carbon content (<5%) and being formed mainly by clastic
material (Zobkov et al, 2020a). Thus, it is not correct to compare MPs abundances in lakes
Vodlozero and Onega.

The mean MPs abundance in Vodlozero sediments varied from 4719 up to 21905 and was
1104816139 pcs/kgDW in mean. In almost all samples, hollow capsules (Fig.22 a,b) prevailed
over other types of MPs. The predominance of the capsule-type of MPs is unusual for sur-
face waters. Microcapsules are a primary type of MPs that are usually applied in the textile
industry (Yip & Luk, 2016), drug delivery (Bysell et al, 2011), and coatings (Zhang et al, 2014).
Although their predominance on background stations suggests their natural origin. Pos-
sible natural alternatives can be seeds or algae (Lusher et al, 2020). Raman analysis revealed
that the chemical composition of beads was closest to Poly (Diallyl Phthalate) and Diisononyl
phthalate with a spectrum match 41.7% and 40.6%, respectively (Fig. 22 c). Although the spec-
trum match is relatively low, it is not possible to associate those capsules with anthropogenic
polymers. In this regard, an additional assessment of their chemical compound with pFT-IR
spectroscopy is required. As we are unable to distinguish between the natural or anthropo-
genic origin of these capsules, they and the films produced during their disaggregation will be
excluded from further consideration. The mean MPs abundance in Vodlozero Lake sediments
excluding yellow and transparent capsules was 1506+845 pcs/kgDW.

However, even excluding these capsules, the maximum contamination of the sediment with
MPs was observed at the 4vdl background station. Fibers exhibited the maximum concentra-
tion in this site. Although fibers are easily transportable types of MPs, they can represent a zone
of sediment accumulation at 4vdl (Zobkov et al, 2020a). However, a large quantity of beads at
background stations indicates the proximity to unaccounted point sources of this primary-type
MP which may be the lleksa river and/or tourist activities on the river and lake as was sug-
gested previously for the Shuya River in the Lake Onego (Zobkov et al, 2020a).

High contamination of sediment with film-type MPs was also indicated at stations 1vdl -
pier of National Park Administration and 2vdl - pier of Kuganavolok village (Table 6;

Fig. 23). The maximum contamination with fragment type of MPs was also observed at the
2vdl. At stations 1vdl and 2vdl, this may be attributed to proximity to point sources of con-
tamination: landfill site, shipping traffic and domestic wastewater discharges and disaggre-
gation of larger plastic derbies on the lakeshore (Fig. 24). However, at the present state of
science, it is not possible to identify the relevance of each particular source. Examples of MPs
specimens, extracted from sediment samples presented in Fig. 25.

It is noteworthy, that Vodlozero is a dam shallow lake of glacial origin with an average depth
only 2.8 m and a mean water level fluctuation 100 cm (Ozera Karelii, 2013). Because of the
shallow depth and high fluctuation of water level, MPs can be redistributed over the lake area
during water discharges and storm events. This can describe uncertainties in the high level of
sediment contamination at background stations. However, additional studies are required
in this regard.
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Fig.22. Yellow capsules dominated in Vedlozero Lake sediment samples. A - external appearance;

B - surface structure; C -Raman spectrum and closest analogues of polymers.
Photo and Raman analysis made by V.V. Kovalevsky.
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Table 6. Microplastics abundance in the sediments of Vodlozero Lake (pcs/kgDW)

Tvdl
2vdl
3vdl
4vd|
Svdl

Tvdl
2vdl
3vdl
4vdl
Svdl

62
378
948

3175

127

2155
7666
3480
15397

11115

0

680
146
0
287

185
0
73
317
478

2586
3097
219
2937
510

123
151
0
0
64

4988
11367
4719
21905
12261

0 369

227 1435

0 1166
79 3571
32 987

1 - excluding trans-
parent and yellow

capsules content;

2 —including trans-
parent and yellow

capsules content

Fig. 23. MPs contamina-
tion in the sediments
of Vodlozero Lake (ex-
cluding the content of
yellow and transparent
capsules).
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Fig. 24. Disaggregation of plastic litter on the shore of Vodlozero Lake (A - plastic rope;

B - plastic sheeting; C - handle of a plastic can with a plastic rope; D - PET bottle).

Fig. 25. Microplastic specimens extracted from bottom sediments of Vodlozero Lake.
A - fiber; B - film; C,D - fragments.




Figure 26. Kizhi Island (photo by Pekka Rossi).

Kizhi Island is situated in the central part of Lake Onega within an archipelago with different
sized islands. Kizhi is a popular tourist destination, harboring the UNESCO heritage site Kizhi
Pogost and an open-air museum (Fig. 26). Several fast boats (Meteor) depart daily from Petro-
zavodsk to Kizhi, and numerous cruise ships visit the island. It is one of the main tourist sites
in the Karelia region. Most of the tourists are one-day visitors as longer stay requires a special
permission. Several villages are located close to Kizhi Island, on other islands of the archipela-
g0, and on the mainland. These villages have both permanent inhabitants as well as cottage/
second-home owners, “dachniks” in Russian.

As regards waste management for the tourist destination and villages, the Kizhi Open Air
Museum staff has worked several years to enhance e.g., waste sorting and waste solutions.
As Kizhi Island is also valued for its nature, visitors join e.g., nature days on the island, where
waste management is one of the topics studied by young students, and/or waste is collected
in the nearby villages by volunteers coming from all around the country for one or two days.
Even though the waste management has been thoroughly considered, still some illegal or

old waste sites remain on the island (Fig. 27). These sites are in many cases situated near the
lake shoreline, close to villages or on top of sand deposits. Local stakeholders recognize these
waste sites as a negative impact on the surrounding nature, local inhabitants, and the pris-
tine-nature reputation of Kizhi Island and the region in general.
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Figure 27. Kizhi archipelago map with some waste dumps (red dots).

Geology of the region is variable and has impacts on how waste sites interact with the envi-
ronment: harmful substances from the waste sites over sandy substrates more easily mi-
grate to the groundwater than from till or clay, where there is less downward seepage to the
groundwater. Kizhi Island itself is a part of a chain of eskers (Fig. 28-29). Eskers are glacial
sand and gravel deposits found in regions covered by the last glaciation in Europe and North
America. Eskers were formed when glacial meltwater transferred sediment in the direction of
ice withdrawal (Banerjee and McDonald 1975). These systems are often shallow, rising 10-100
m above the surrounding landscape, and typically discharge groundwater to springs, rivers,
lakes and peatlands. As the esker formations are mainly sand and gravel, substances from the
top of an esker can easily migrate to the groundwater. The same esker formation continues
onward to Bolshoi Klimenetsky Island, where more villages are situated. The rest of the archi-
pelago mostly has till on top of the hard bedrock.

)
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Schematic map of Quaternary deposits in the Kizhi Skerries Nature Reserve:

1 - bedrock, 2 - areas with a thin (within 1.0-1.5 m) sheath of Quaternary deposits, 3 - glacial deposits - till, 4 - varved
clay, 5 - lacustrine and glaciolacustrine sand or, less often, loamy sand and clay, 6 - biogenic deposits - peat, 7 - eskers,

8 - fluvioglacial deltas, 9 - glacial meltwater valley, 10 - curious Quaternary landforms: 1 - Isl. Kizhi - terraced esker ridge,
2 - ancient cobble beach ridges in the eastern part of Bolshoi Olenii Island, 3 - technogenic formations - carbonaceous
rock spoil banks and remains of barite mines on Yuzhnyi Olenii Island, 4 - earthquake-collapsed precipice on the western
shore of Lake Vekhozero, 5 - structural denudation terrain and a glacial meltwater valley near Lake Obozero, 6 - massive
fluvioglacial system made up of esker ridges and deltas

Figure 28. Geomorphological conditions in Kizhi and surroundings (Jemngos W.H. YeTBepTnyHble
OTNIOXeHNS 3aKa3HuKa «Kmxckne wxepsl» // Tp. KapHL, PAH. Cepus «brnoreorpadus Kapenum». Bein. 1.
MeTpo3asogck, 1999. C. 11-15). Examples of waste sites (red dots).
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Figure 29. Geomorphological conditions on Kizhi Island (Jlykawos, 1999). Closed waste site marked with
red dot.
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Detailed information about the existing waste management situation was asked from the
personnel of the Kizhi Museum for the SUPER project. The mixed waste on Kizhi Island con-
sists of municipal solid waste (up to 95%) and industrial waste (mainly wood, which is mostly
burned). The amount of waste transported from Kizhi Island in 2019 was about 88 tons.
Mixed waste is collected to 240-liter plastic containers at specially designated sites on the is-
land. From these containers, the mixed waste is hauled by garbage truck to 27-m3 containers.
When the containers are full, the waste is transported from Kizhi Island. Separated wastes are
collected in special containers of various capacities, deployed at the dwellings of Museum em-
ployees and contractors - both indoor and outdoor. In 2019, the amount of separated waste
on Kizhi Island was 610 kg for cardboard, 1791 kg glass, 252 kg PET bottles, 40 kg aluminum
cans, and 645 kg for paper. In 2020 this amount increased: 1191 kg of cardboard, 2996 kg of
glass, 566 kg of PET bottles, 84 kg of aluminum cans and 300 kg of paper were collected. The
separated waste is re-sorted manually and stored in special buildings in the Museum entrance
area and Yamka Village.

Kizhi Island chooses the providers of the services of waste transportation and haulage to dis-
posal sites through a tendering procedure. Based on the tender results, Kizhi Museum signs
the state contract. Currently, the contractor is LLC KarelStroyUpravlenie. According to the
contract, a garbage truck (or 2 trucks) arrives from Petrozavodsk City to Velikaya Guba
Village, where the truck is loaded onto a barge to be delivered to Kizhi Island (a distance
of 20 km). On Kizhi Island, the truck is loaded with the waste from the containers by a hy-
draulic arm or by replacement of the filled 27 cubic meter container with an empty one that
the garbage truck brings.

Based on the results of commercial quotations evaluation, the Museum signs a contract with a
company collecting useful fractions of sorted waste. In 2019, these services were performed
by LLC EcoBum, and in 2020 the best offers were made by LLC Calypso, with which the current
contract was signed. After some fine sorting, the waste is partially processed directly at
Calypso and then sent to St. Petersburg to larger enterprises for the final processing.
The waste from Kizhi Island is transported by a vessel owned by Kulakovy entrepreneurs,
who are in charge of its delivery to LLC Calypso. The vessel covers a distance of 60 km. There
are no other suitable waste disposal facilities nearby.

There are about 60 people living on Kizhi Island in the wintertime, and about 300 people
in summer, provided normal conditions for tourism. According to the statistics, the number
of tourists visiting Kizhi Island during 2010-2019 varied from 142 391 to 194 325. Most
tourists visit the Kizhi Pogost ensemble with The Church of the Transfiguration, Church of the
Intercession of the Virgin, and the Belfry. Kizhi Museum offers several ecological tours by wa-
ter and on foot, introducing the visitors to the unique natural objects in the Kizhi skerries and
telling about the ecosystems’ resistance to the recreational load. Tourist pamphlets and bro-
chures contain maps of nature trails, biking trails, and other routes in the Zaonezhye region.

Shops and a restaurant are located on the wharf, and a grocery store operates in the Yamka
Village. They are all equipped with waste container stations and waste collection buildings
constructed within the SUPER project. The outdoor eating area near the restaurant on the
pier is also supplied with a waste container station. The current number of waste containers is
sufficient for now. This was achieved by purchasing the required extra containers, within the
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SUPER project as well. The containers are emptied quite often: once or twice a week in sum-
mer, and once in a calendar month in winter.

The main issues in municipal solid waste management on the island are:

1. There are a lot of employees and contractors living on Kizhi Island temporarily. Currently,
they cannot wash dishes, so they use various disposable dishes (plastic plates, knives,
forks, spoons, sauce containers, etc.).

2. The restaurant uses disposable dishes made of paperboard and plastic, as there is no op-
portunity to do the dishes either. This tableware is often dumped into the containers
for bottles and cans, necessitating post-sorting.

3. Recycling of biowaste from the restaurant is an issue. It is not possible to offer tourists the
type of composters the Kizhi Museum staff use.

4. Accessibility issues. The problem is to transport waste from Kizhi Island, since the Museum
does not have the appropriate technical capabilities (no heavy or cargo vessel), and for
the waste collecting company the cost of transportation operations exceeds the profit they
can gain from the waste received. Currently, sorted wastes from Kizhi Island are transport-
ed to Petrozavodsk by selected contractors.

At four seminars held in 2019 within the SUPER project for locals, staff of the Kizhi Muse-
um, emergency services and entrepreneurs working on Kizhi Island, the participants looked
into waste management issues. It should be noted, however, that the seminars’ educational
resources on separate waste collection on Kizhi Island were well received by the participants,
who displayed much enthusiasm and concern about the issue.

Better waste management in the area and/or clean-up of the old waste dumps would
improve the attractiveness of the area for tourists and the social well-being of the
inhabitants. There is no special personnel for waste management improvement. The system
operation fully relies on the staff and volunteers involved in it. Waste transportation costs are
covered by the federal subsidies allocated to the Kizhi Museum for maintenance of the terri-
tory. 240-liter containers are used for the waste container stations, 10-liter containers were
purchased for the Museum employees’ and contractors’ households within the SUPER pro-
ject. For Kizhi Island, the optimal choice would be soil-colored containers that can be opened
hands-free, and the waste would be inaccessible for birds and the action of the wind.
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The current waste management system in the open-air museum has been under intense de-
velopment. Waste management is also a component part of the environmental workshops
for young students and environmental volunteers working in the area to clean-up illegal
dumps in the surrounding villages during their 1-2-day visits several times a year; and there-
fore, waste management of the island works as a showcase for a larger audience. There

are procedures for waste sorting after which the contents are shipped to the mainland for
further handling steps.

However, waste sorting in the villages surrounding Kizhi Island is more variable. Some still
have active waste sites, and some of the waste is produced by outside source (e.g., where
mainland road ends). Some of the old waste sites, for example on Kizhi Island, have been

closed by backfilling the sites: no information is available on the environmental impacts.

The main drivers for waste management in this case will be the village inhabitants and sec-
ond-home owners. In addition, waste can come from external sources. At the same time,
waste management on Kizhi Island has been improved, but the potential impacts of old waste
management sites cause uncertainty. Waste-related drivers are quite the same as in Vodloz-
ersky NP; the number of waste producers and the amount of waste fluctuates substantially
depending on season. In addition, the infrastructure on Kizhi leaves much to be desired; there
is still a need for developing the waste management system for the whole area, as well as for
improving the roads and harbor infrastructure as a step to curbing illegal dumping.

The pressures from the waste sites on the surrounding water, soil and human health is some-
what understudied. The waste sites do pose some point-source risk to the environment. How-
ever, although the type of the wastes is currently not fully known, they are considered regular
municipal waste. In such case, the waste causes no massive harm to the environment (e.g.,

large amounts of hazardous substances) but naturally results in some emissions, leakages,

eutrophication etc. However, one important aspect is the question of appearance: how do the
scattered waste sites affect the attractiveness of the region and the well-being of its residents?

To better comprehend the pressures and current state of the area, the site was visited by a
team from the University of Oulu (UOulu) and Karelian Research Centre (KarRC) on June 7th to
June 8th 2019 (Fig. 30). Researchers scrutinized the site to better understand what the hydro-
logical, geological and ecological conditions in the area were. Water supply arrangements in
the area were also studied.
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Figure 30. A waste site: Sennaya Guba (photo by Pekka Rossi)

The first results concerning the pressure are concerned with the variability of the waste site
cases. The surroundings of the waste sites varied. Some were close to the shoreline, some
more inland. Some of the dumps had already been cleaned-up or backfilled, while others were
in active use. Some were closer to villages, some further away. This variability of sites entails
variations in pressure, state and impacts. The response needed would also vary. As to the
water supply, the villages mainly drew water from Lake Onega. Some houses also used wells.
Therefore, pressure on water quality from the waste sites should also be considered.

4.2.3. State
The condition of the visited sites varied, but they could be generally classified into five categories:

Near shoreline/inland
Active/inactive/closed/cleaned-up

Close to inhabitants and water source/far from housing
Geology and soil conditions

Ecological conditions

s W=

This categorization clarifies both the state and the impacts of each specific site on the sur-
roundings. There are also common aspects between the sites, but these are discussed in
detail in Impacts. Below are three examples of sites of different categories. Soil and ecological
studies (chapters 4.3. and 4.6.) give more details for the categories 4 and 5.
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Active but cleaned-up site near shoreline: Oyatevshchina Village

The dump in Oyatevshchina Village was very near the shoreline, so if there is any leaching or
spreading of garbage, it will be seen in Lake Onega. During the field visit three water samples
were taken from the lake (Fig. 31, Tab. 7). There was some change in temperature and oxygen
level of the water, and the pH was lower near the shoreline, but this kind of variance of water
quality can result from the distance off the shoreline and depth of the water. Heavy metal or
nutrient sampling from the lake could give more detailed information on the impacts of
the site. The site had already been cleaned up, so any possible risks to the area are already
diminishing. But local stakeholders were unsure whether more waste would be piling up, as
the site is near the road.

Figure 31. Oyatevshchina Village waste site (red dot) and water sampling points (blue dots, 5 m, 50 m

and 230 m) in Onega.

Table 7. Basic water quality parameters at different distances from the waste site.

5m 23.9 54.4 7.09 10.3

50m 22.3 53.8 7.3 10.8

230 m 20.5 54.2 7.3 11.3
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As the site is near the shoreline and near dwellings, it must be taken into account that, even
though no notable impact on basic water quality parameters was detected, this site or a sim-
ilar kind of sites that have not been cleaned up may pose a risk for potable water. The most
common water source for the inhabitants is the lake, from where water is pumped for house-
hold use. The waste site can increase the risk of water pollution.

The sediment in the site is till, suggesting less infiltration of water to soil, but more of the wa-
ter from the waste site will reach the lake as surface runoff (Fig. 32-33).

Figures 32-33. Water sampling at Oyatevshchina village

(photo 32 by Yuri Protasov and 33 by Alex Shveykovskiy)
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Active site further inland and away from inhabitants: Sennaya Guba

In the Sennaya Guba case, the dump was still in active use, and people were piling waste to the
site. The site was situated on Bolshoi Klimenetsky Island, 1 km from the nearest shoreline and
there were no large streams or ditches nearby. The location of the site would seem less risky
compared to the Oyatevshchina case, but, based on the geological map (Fig. 28-29), the site is
on top of an esker. If this is the case, the most probable direction of water seepage from the

waste site is as groundwater flow towards villages Petry and Pleshki on Onega shore (Fig. 34).
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Based on geological maps, the waste site is situated on top of an esker system, with general
slope to the lake shoreline. There are some wells in the village (Fig. 35-36), but most of the
potable water is drawn from the lake. Active pastures are situated on the esker.

i

Figures 35-36. Visiting an abandoned well (photo 35 by Yuri Protasov and 36 by Alex Shveykovskiy)

The location of the waste site does create a risk to the groundwater, but can something be
found in the water? Two samples were collected from the area, and one of the samples was
from a house well in the probable direction of the groundwater flow (Tab. 8). The water did
have high electric conductivity, but based on the geological information there can be metal
elements in the soil, which can explain higher readings. Nutrient and heavy metal sampling
might bring more information, but as the soil might contain metals and the esker area was
an active pasture, there are also other sources for these substances.

Table 8. Water quality at a well and a spring near the waste site.

Spring 89 112,2 6,3

House well 18,6* 471 6,49

*Water probably standing in the pipe, warmed up
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Even though this site was more inland, it can be problematic for the surroundings due to the
geological conditions. Even if it may be hard to differentiate the role of the waste site in the
groundwater quality, the site does create a risk for the groundwater and for the wells down-
stream, and in a minor way for the water at the Pleshki village shore: groundwater from the
esker will discharge to the lake near the village, and if villagers use lake water, potable water
can be affected.

Closed and backfilled site: Kizhi Island

Kizhi Island has all the waste collected to be transported to the mainland. There is an old
waste site situated on the top of an esker hill with sand and gravel underneath. The site has
been covered up with soil material (Fig. 37), but precipitation can still seep through the soil

fill to the waste and finally to the groundwater, depending on the filling material on top. The
impacts from the old waste site (e.g., heavy metals and nutrients, depending on waste ma-
terial) can be monitored by piezometers. Figure 37 B shows the situation around the waste
site. Based on the surface elevations, the most probable groundwater flow directions would
be to the east, and possibly to the south as a secondary direction. These could be the places
for groundwater quality monitoring. However, as the exact geological structure of the esker is
unknown, these flow directions are an educated guess. If the esker turns out to have a distinct
gravel core, the flow direction will rather follow the core.

Considering water supply and water use, two places are of interest. The first one is the house-
holds on the shore, east of the waste site. If these houses use water from the lake, there is

a risk that the water is polluted by seepage to the lake shore from the waste site through
groundwater. In this case, it might be good to check the water quality house by house. Al-
though the lake’s water mass is great and the water can mix easily, the risk of pollution from
the waste site is not ruled out. The second point of interest is the well made more than a
decade ago in the roadside, south of the waste site. The well was used for drinking water, and
analyzed annually. Based on the annual water quality parameters (Tab.9), the water does not
seem to have excess ammonium or nitrates, which seem to indicate no impact from agricul-
ture, wastewater or from the waste site (Fig. 38). The electric conductivity in 2019 was above
200 pS/cm, but this could as well be explained by shungite content of the soil (see 4.3). Some
chloride spikes were present in 2009 and 2017 (due to agriculture?), but generally the levels
are low. Based on the surface elevation, the well would be outside of the possible impact zone
of the waste site. More probably, the groundwater feeding the well originates from a south-
erner area, from another hill in the esker. But, as stated previously, the unknown geological
structure does generate uncertainty in the groundwater flow.

The soil, hydrology and ecology study campaign continued in 2020, and the detailed results
are presented in 4.3. (soil), 4.4., 4.5. (microplastics and hydrology) and 4.6. (ecology). The soil
studies did find that rare earth elements (REE) were high in some of the sites. For some
of the sites, however, some of the REE content can be explained by the soil material (e.g.,
shungite). Microplastics were higher in the Onega lake sediment near some of the sites,
but this can also be due to the tourism activity. Ecological studies revealed the presence of
adventitious/invasive plant species in some of the sites.
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Table 9. Water quality variation in the well near the closed waste site on Kizhi.

Anions and cations (mg/1) Metals (mg/1?)
Turbidity

246.2009 013 33 01 0012 0,006 - 00001 002 0005 0,068 48 718 3 0,2
16.2010 003 175 142 1E-04 00001 005 0005 O5E04: 3 16 01
29.6.2011 006 11 0,31 0001 0001 00001 009 0007 0006 761 0 0
1962012 : 002 021 17 088 0004 : 0001 0 00001 0062 0077 0,024 7215 0
125.2013 035 332 0,988 0001 0001 00001 0029 0044 0049 : 258" 681 428 216
18.06.14 0077 275 472 598 <0001 <0001 <00001 0055 0011 0,021 701 922 086
06.06.15 0119 15 356 58 0,059 2094 74« <«
15.06.16 0115 15 49 5 0,016 280 702 10 <1
08.06.17 0021 566 64 033 0,004 294 6% 4 <1
2706.18 0017 14 362 49 <0,001 172 686 114 <1
7(301?&)9 268 6385

Figure 38. Sampling
from the well near the
closed waste site on
Kizhi Island (photo by
Elena Fedorova).




DPSIR Framework

The waste sites would seem to have indirect and direct impacts or risks. The direct risks are
of waste itself, diluting material or ecological impacts from the waste sites. The waste materi-
al itself can spread to the surroundings. Especially the waste sites near the lake can result in
the waste material spreading to the lake, e.g., further producing the risk of lake pollution with
microplastics. This can have also indirect consequences for the attractiveness of the region if
there is loose waste material on the lake surface.

Another direct risk to humans is connected with drinking water. Household water is mostly
taken from the lake. If a waste site is situated near the lake water intake location, this does
create a risk for quality. Also, depending on the local geology, water from the waste site can
seep to the groundwater and from there to wells (as in Sennaya Guba) or to the shore (risk in
Kizhi?). Other impacts are that the old and existing landfills reduce the attractiveness of the
area and possibly lower the social well-being of the people.

Some of the waste sites create the ecological risk of alien plants invasions for the Kizhi sker-
ries. This can affect the native environment and, in the long run, diminish the natural values of
the region.

Based on the field visits and the information gathered from the sites, they can be scored and
classified in terms of the level of urgency for cleanup or other management options. Similarly
to the many multivariate analyses for decision making (e.g., Karjalainen et al. 2013, Kessili &
Benmamar 2016), the classification list presented in the State section could be given different
weights to define which of the sites are the most vulnerable. Below is a sample scoring system:

1. Near shoreline, 5 points; inland with stream nearby, 3 points; inland with no streams, 0 points.
The waste can spread to the lake easily. In inland without streams sites, the impacts can be
more local.

2. Active, 5 points; inactive, 3 points; closed, 2 points; cleaned up, 1 point.

Active sites are still accumulating and creating growing amounts of waste. Inactive sites still
have the waste at the site; closed sites have the waste at the site but covered up; cleaned
up sites are taken care of, but is there a risk of new waste accumulation?

3. Close to inhabitants and water source, 5 points; far from housing, 1 point.

If household water is taken either from wells or the lake near the site, the risk for inhabit-
ants is increasing.

4. Geology and soil conditions: esker and/or polluted soil, 4 points; till and/or some pollution visi-
ble in soil 2 points; clay and/or minimal impacts to soil 0 point.

Soil has measurable pollution (see 4.3.) and/or different soil conditions create different
pathways for water from the waste site to surroundings.

5. Ecology, invasive/alien plant species: considerable, 5 points; some, 3 points; none, 0 points
Based on the ecological survey, the presence and abundance of non-native species in the
dump elevates the ecological risks from the site.
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Summing up of the score for each site creates points for each site for classification and
comparison. The point values above are just examples, and a more detailed listing can be
done if more results are available. Factor weights could be elaborated by discussing with local
stakeholders. This kind of a scoring system indicates in what order of urgency the waste sites
should be managed.

It would be wise to have discussions with the villagers and dacha owners regarding the waste
sites, and information campaigns about waste management. The locals can be informed
about their waste site risks, e.g., for drinking water. Enhanced knowledge on the impacts of
the waste sites can help to collaborate on the waste management. Similarly, to Vodlozersky
NP, the MSW management system for Kizhi needs rethinking, so that the management of the
old landfills and the new system would be planned simultaneously, and the requisite infra-
structures would be improved to suit the purposes.

The outcome of the DPSIR framework for Kizhi Island can be seen in Figure 39. Some of these
responses are already in progress. More detailed conclusions and recommendations for all
sites are presented in Chapter 7.

Drivers Responses

* Village inhabitants * Classification of sites and manage-

* Dacha owners ment planning based on different

* Tourists variables

* Challenges in waste management * Discussions with villagers/dacha
system in surrounding villages 4——— owners and Information campaigns

* Detailed waste planning
* Improved infrastructures
« Waste management plan (e.g.
enhanced shipping of waste to
continent)
Pressures Impacts
* Household waste (plastic, glass) * Attractiveness of the region
* Waste from random /unknown < > * Income from tourism
sources(?)* * Example to youth
* Improve dish washing possibility, * Example to visitors
food waste recycling and waste * Risk to household water
transportation * Social well being

v

State

« Status of surface water

« Status of groundwater

« Status of drinking water

* Ecological status, invasive species
* Ecosystems

Figure 39. DPSIR framework for the Kizhi case. (* refers to potential pressure, + refers to good state,
- refers to need for improvement)
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4.3. Kizhi - Soil Research and Analysis

4.3.1. Study sites and methods

Soils were surveyed in illegal dumps formed spontaneously near villages in the Kizhi skerries
area (Fig. 40). The methods for the waste sites were the same as in Vodlozersky NP (see 3.3.3)

Figure 40. Surveyed waste site locations
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Kizhi Island

Since the early 1990's and until 2015 an unauthorized landfill of municipal solid wastes (MSW)
~45 m2 in size had been situated in the Kizhi Island central part (point 1 in Fig. 40). The dump
was eliminated with the help of the Kizhi Open Air Museum administration by compacting,
incinerating and burying the wastes: all the accumulated waste was moved to a specially ex-
cavated pit, burnt and covered up with ground from the excavation heap. The MSW included
paper, plastic, glass, old furniture and domestic appliances - TV sets, fridges, etc. This site now
looks like a small wasteland partially overgrown with herbaceous vegetation. The top layer

of the soil is very dense, composed of spoil heaps with some remains of burnt MSW. Starting
with the second stage of soil monitoring (2005) changes in the heavy metal (HM) content of
soils in the area have been studied. HM concentrations in soil samples from 0-5 cm depth
from the surveyed site across years are shown in the Table. High concentrations of copper
(130 mg/kg) and nickel (104 mg/kg) were recorded in 2005. In data from 2011, HM concen-
trations have changed, zinc and chromium concentrations increased, but the changes were
minor. The concentration of a majority of the elements in the top layer decreased after the
wastes had been backfilled. This probably happened because the ground used to cover up the
wastes had been moved up from the lower natural soil horizons unaffected by the dump.

Oyativshchina Village

A small (3*5 m) waste dump on lake shore was surveyed (point 2 in Fig.40). The woody veg-
etation is willow thicket; nettle prevails in the ground cover. In spring of 2019 the dump was
eliminated, but occasional litter remains on the surface (bottles and cans, wire mesh).

Telyatnikovo Village

Two small dumps situated 100-200 m away from houses in a secondary bird cherry-alder for-
est were surveyed (point 3 in Fig. 40). One of the dumps was partially eliminated 3 years ago,
and now there remain some wooden wastes, cans, asbestos cement sheeting, etc. The other
dump is a heap 10*10 m; the waste is composed of old domestic appliances, glass and plastic
bottles, cans, etc.

Sennaya Guba Village

An unauthorized dump is situated some 1.5 km away from the village, in an artificial ditch up
to 5 m deep in a former hay meadow (point 4 in Fig. 40). Mainly composed of household waste
and some construction waste.

Mal’kovets Island

This small island was found to contain several (3-4) household waste dumps 2*2 to 5*5 m in
size (point 5 in Fig. 40). The island is covered in secondary tree and shrub vegetation.
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Sychi Village (two dumps)

One small dump is on the peninsula shore, not far from the village (point 6a in Fig. 40). Wastes
are most probably dumped here by fishermen and locals. Apart from the usual household
wastes this dump contained some batteries and storage cells from beacons. The other dump
lies in a spruce forest some 100 meters behind the village (point 66 in Fig. 40). It is composed
of ordinary household wastes.

3.4.2. Results

The most common soils in the study area are post-farming coarse-humus brown earths (Cam-
bisols) over morainic and fluvioglacial deposits with a high content of shungite, dolerite, and
gabbro-dolerite. Soils in the area have a high stone content, a contracted profile with poor
differentiation into genetic horizons, and are mostly gray-brown or gray-brown-black.

Figure 41. Soils in the Kizhi skerries.

The reaction of the soils is weakly acidic, pH KCl is within 3 to 5 (Table 10). Acidity variation
across the profile is minor, with a slight increase in the lower horizons. Soil carbon content in
the control sites and the dumps is highly variable, largely depending on the plant cover, type of
use, and presence of different varieties of shungitic rock. Overall, soils under secondary alder
stands have a high humus content, with carbon content amounting to 4-7%, while in dump
soils it can be up to 8-10%. Soils in the dumps also contain higher amounts of nitrogen, and a
very high amount of labile phosphorus, possibly due to their additional input with municipal
wastes. Hence, there is a potential risk of surface- and groundwater eutrophication.
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Table 10. Physicochemical properties of the soils surveyed in the Kizhi skerries

0-10cm 1.28-4.86" 0.16-0.33 0.01-0.035

Sennaya uba, dup 10-20am 445 566 0.94-5.08 002032 0.005-0.02

below 50 cm 490 5.87 04-3.96 0.01-0.16 0.003-0.013
Ay 492 6.36 1.83 0.05 0012
Parking lot Bm 417 6.02 0.88 nd.” 0011
BC 452 6.11 0.31 0.01 0.0035
QOyativshchina, dump 0-10cm 6.29 nd. 0.94 0.02 0.0045
Oyativshchina, control 0-10 cm 5.27 nd. 0.40 0.01 0.0028
Telyatnikovo 1, dump 0-10m 47 nd. 8.65 0.63 0.0056
Telyatnikovo 2, dump 0-10cm 351 nd. 5.85 055 0.0029
Telyatnikovo, control 0-10 cm 3.56 nd. 437 0.28 0.0024
Malkovets, dump 0-10cm 444 nd. 10.22 091 0.0031
Mal'kovets, control 0-10cm 45 nd. 6.88 048 0.0039
Sychi 1, dump 0-10cm 49 6.31 280 018 0.0029
Sychi 1, control 0-10 cm 35 417 2.05 0.08 0.0024
Sychi 2, dump 0-10m 575 6.56 6.65 0.58 0.0011
Sychi 2, control 0-10cm 312 406 8.94 0.65 0.0030

Ecological-geochemical analysis of soils in the dumps

Changes in heavy metal concentrations in soils of the eliminated dump on Kizhi Isl. (point 1)
were studied within environmental monitoring activities in 2005, 2011, and 2016. According to
the first surveys in 2005 (the dump not yet covered up), the soils contained high concentrations
of copper (130 mg/kg) and nickel (104 mg/kg). Data from 2011 reveal changes in the content of
the heavy metals: zinc and chromium concentrations increased, but the changes were minor.
The concentration of a majority of the elements in the top layer decreased after the wastes had
been covered up. This probably happened because the ground used to cover up the wastes
had been moved up from the lower natural soil horizons unaffected by the dump.

Surveys of the small dumps near villages in the Kizhi skerries area proved their pollution
characteristics to be largely dependent on the composition of the wastes. A majority of small
dumps where the main component is glass and plastic bottles do not cause heavy metal pollu-
tion (Table 11) or alteration of sanitary parameters. Soils under a small dump in Vig. Telyatniko-
vo, where substantial amounts of cans, nails, springs and other waste containing ferrous and
non-ferrous metals were found, featured elevated concentrations of some metals - vanadium,
zinc, copper, as well as arsenic.
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Soils of the eliminated dump in VIg. Oyativshchina were found to contain elevated amounts of
phosphorus, manganese, cadmium, and lead, but their levels were within the regulatory limits.
Zinc concentration was very high - 400 mg/kg, exceeding the tentative permissible concentra-
tion (TPC) for acid loamy soils by a factor of four. Arsenic content was twice higher than the
maximum permissible concentration - MPC (but the threshold set for this element is highly
guestionable).

As opposed to the other sites, soils of Mal'’kovets Island feature elevated concentrations of

a majority of the elements, even in background soils. This probably happened because this
island used to serve as the “local dustbin” for the surrounding villages for many years. Among
heavy metals, high content was demonstrated by cobalt, nickel, and zinc; arsenic content was
very high (ca. 10 mg/kg - exceeding the MPC 5-fold). REE concentration in soils of the dump on
this island was also higher than in other dumps surveyed.

Soils of the small dump near Vlg. Sychi (found to contain lots of batteries from vehicles and
appliances) had a very high zinc content - over 600 mg/kg, exceeding the TPC 6-fold, and the
background level 11-fold. The content of chromium, copper, and lead there was also high, but
within the regulatory limits.

The largest among the surveyed dumps (in VIg. Sennaya Guba) is a major source of soil con-
tamination with hazardous substances. It contains high concentrations of vanadium, chro-
mium, manganese, cobalt, nickel, copper, cadmium, zinc, and other metals and metalloids.
The concentrations, however, are comparable with the local background. This means that the
geochemical background for many chemical elements is naturally elevated in the area due to
characteristics of the parent material - shungitic shales (Reimann et al., 2003, MaTuHaH 1 ap.,
2007, PeibakoB, 2020), which are rich in many chalcophile (chemical elements in sulfide form -
Ag, As, Cu, Pb, Cd, Bi, Zn, Sb, Se, Mo, Ga, Tl) and lithophile (chemical elements in oxide form-V,
Ti, Li, Cr, Mn, Co, Ni) elements, as well as in REE.

Especially high in the studied soils is the concentration of arsenic - 30-50 mg/kg, many times
higher than the MPC (2 mg/kg) and TPC (5 mg/kg for acid loamy soils), but the MPC and TPC
values set for this element are highly questionable.

Noteworthy is the high concentration of tin in the dump’s upper soil horizons, which is 3-3.5
times above the background, and exceeds the MPC 2.5-fold. Antimony content in soils of the
dump is also high, especially in the upper horizons - its concentration is twice higher than in
the background, and in one sample the MPC was also exceeded.
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Table 11. Total content of chemical elements in soils of the dumps and control sites (Kizhi skerries).

soil layer,

Site em/horizon Ti v (r Mn (o Ni Cu In Y
0-10 m 5319+ 516 312+ 44 136+ 14 906+81 23.03£1.31 7123511 92.53£2.38 333475 18942251
Sennaya Guba,dump ~ 10-20cm  5148.5¢191 34026 118+7 857126 12.96+1.04 775804  10798£15.13 124£)3 20.46<0.90
below50cm  5280+428 3152 117#2 1215+ 356 34.04+9.94 105.5¢28.7  146.45+4705 2099 19.37+1.06

Sychi 2, control 0-10 cm 3277 104 4119 400 9.53 26.28 3731 60 91
‘ ‘ Ir ‘ Nb ‘ Mo ‘ Ag ‘ d ‘ Lu ‘ Hf ‘ Ta ‘ Y
0-10 cm 518+49 10.26+1.05 10.3+0.71 0.98<0.09 112£04 030.03 11.22£113 0.61:0.06 1.27£0.06
Sennaya Guba,dump ~ 10-20cm 47863 10.22¢0.94 1174045 11100 0.58 0.35¢0.02 9.58+0.04 0.63:0.03 1.28+0.07
below 50 cm 590<39 9.33+0.31 10.65¢0.57 051=0.18 0.74+0.05 0.33+0.02 11.75¢0.8 0.62:0.03 112£0.01
............................................ Ay 530 892 . 1334 — 086 B 065 B 035 . 1088 - 06 . 14

Sychi 2, control 0-10cm 798 448 07 039 BOL 015 16.34 033 038
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Ga ‘ Sn ‘ Tl ‘ Pb ‘ Bi As ‘ Sb ‘ Li Be
0-10m 15.16+2.94 6.1:4.21 0.65¢0.08 4932+ 1611 0.29+0.04 3263491 181+ 1.66 35.674.87 1.56+0.01
Sennaya Guba,dump ~ 10-20cm 16.74+0.64 195¢0.14 0.75¢0.03 2635171 0.29£0.01 40.83+11.08 126015 36.71+ 1.83 163037

below50cm  14.64:0.48 1.75£0.07 0.73£0.05 385+ 14.82 0.26+0.03 3762£0.11 142025 346118 BOL
............................................ Ay1669172075243303149091413614175
Sennaya Guba, control Bm 1794 1.87 0.69 2461 0.31 43.76 1.15 39.65 192
16.1 244 13 21157 027 53.29 1.25 4011 BDL
OyaUVShChmadump ......... 0 10cm543935029 ..................... 2954009395051914077 ‘‘‘‘‘‘‘‘‘‘‘‘
OyatWShChmawmml ........ 0 10cm96425034 .................... 2606009262038 ..................... 1383094 ‘‘‘‘‘‘‘‘‘‘‘‘
Tewamlkovowump ......... 0 10(m ............... 1034 135 e 034 .................... 2272 ..................... 01 e 328 S 028 e 169 . 064 ‘‘‘‘‘‘‘‘‘‘‘‘
Telyatmkovoz(jump ........ 0 10(m ............... 1045198033 ..................... 1751011 ...................... BDL022 ..................... 1144093 .............
Telyatmkovommml ......... 0 10cm ............... 1193149036149009132024 .................... 152308 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘
....... M alkovetSdump Owcm 103 232 e 043 . 1433 e 013 e 317 S 159 . 1502 . 073
...... Ma[kovetsmntm[ 010cm 1183 175 e 054 . 1449 e 011 . 1185 S 07 . 1353 . 073
........ Sych|1dump010cm14061622042428017BDL09117733D|_
....... Sycmlcontml 010cm 1595 118 e 041 . 1531 e 011 e 3% S 02 e 173 . 115
........ SYChIZ dump Omcm 14281048 e 033 . 2161 e 014 e BDL S 03 . 1786 . 092
....... Sycmzwntml 010(," 1371 122 e 041 . 1841 e 011 e BDL S 029 . 1425 . BDL
| L T la e Pr Nd Sim

0-10 cm 66.63+6.99 14710 18.622.61 61740 172:149 34,64+ 4.68 406+ 0.6 15.89+2.37 341056
Sennaya Guba,dump ~ 10-20m 64.335.79 149+ 16 214067 638+14 19.08£1.2 39.14+1.36 442032 1762:1.20 36101

below50cm  55.55¢7.14 148+35 12.010.68 576£3 184+ 1.64 4153701 433054 1729202 361052
............................................ Ay 5903 129 . 2004 S 615 . 2232 . 4465 e 52 B 204 . 425
Sennaya Guba, control Bm 7176 136 20,67 668 189 3792 417 16.22 341
BmC 5011 136 1158 578 16.19 40.74 3.87 15,51 334
OyatWShChmadump Olocm ............... 3121 ....................... 151 ...................... 7 02 e 405 e 753 ..................... 1588 S 181 ...................... 7 17 . 148 .............

OyatWShChmammml Omcm ............... 4598 ....................... 182 e 937 e 499 ..................... 999 ..................... 2214 S 256 ..................... 1056 . 23 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘

TelyatkaVOldump Olocm ............... 3282 ....................... 147 ..................... 1167 ..................... 350 ...................... 92 ,,,,,,,,,,,,,,,,,,,,,, 1958 S 234 e 978 . 208 .............

Te[yatkaVOZdump Olocm ............... 4662 ....................... 177 e 867 e 408 e 768 ..................... 1622 S 191 e 799 . 18 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Telyatmkovocontml Olocm ............... 5831 ....................... 177 ..................... 1124 e 435 e 862 ..................... 1848 ..................... 22 e 882 . 205 .............
....... M a[kovetsdump Olocm 3862 129 . 1082 e 347 . 1007 . 2119 S 252 . 1008 . 205
...... M alkovetscomml Olocm 5148 136 . 1176 . 3875 . 1333 . 2768 S 323 . 1254 . 247
........ Sych|1dump Olocm 488 244 . 1348 . 4982 e 866 . 2005 S 219 e 877 . 2
....... Sycmlmmml Owcm 5093 264 . 1474 . 5476 e 12 . 2893 S 297 . 1163 . 243
........ SycmMump Olocm 5155 230 . 1302 . 4876 e 91 . 1847 S 224 e 38 . 202

Sychi 2, control 0-10cm 4829 206 1258 476.1 8.89 1878 118 8.57 191
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‘ ‘ Eu ‘ Gd ‘ Tb ‘ Dy ‘ Ho ‘ Er ‘ Tm ‘ Yb
0-10cm 0.89£0.1 3.16£047 0.53+0.06 3.29:042 0.64+0.07 214019 0.280.03 206£0.27
Sennaya Guba,dump ~ 10-20cm 0.96+0.03 344:0.03 0.55¢0.01 3.48:0.18 0.69+0.04 2113£0.03 0.31:0.02 112201
below50cm  0.98+0.08 341045 0.55¢0.06 3.5¢043 0.72¢0.07 212:0.17 0.31:0.03 118016
Sennaya Guba, control Bm 091 312 0.51 351 0.68 1.2 03 1.25
BmC 0.93 3.8 0.57 3.75 0.73 217 0.34 229
Telyatmkov()ldumpomcm067199033206041118017115
Telyatmkovocommlomcm0661920341%039125016114
MalkovetSdump 010(m 062 . 195 R 034 R 189 R 041 R 124 B 016 . 117
Malkovetscomm[ Olocm 072 . 227 R 039 R 219 R 046 R 137 B 019 . 126

Note: BDL - below detection limit; colors indicate: - transition metals, - post-transition metals,
- metalloids, - alkali and alkaline earth metals, - lanthanides, - non-metals

Labile forms of heavy metals

According to our results, the content of a majority of the elements neither exceeded the MPC
nor was elevated vs. soils in the control sites (Table 12).

Elevated levels were detected for labile zinc (ca. 30 mg/kg) in soils of the dumps at the villag-
es Oyativshchina, Sychi (point 6a), and Sennaya Guba. Labile zinc content was the highest in
soils of the small dump near Vig. Sychi (point 6a) - 37 mg/kg, i.e., 1.5 times higher than the
MPC for the labile form of this metal. As mentioned before, soils in this dump also featured an
extremely high total zinc content. Hence, these results definitely indicate the wastes contain
vehicle batteries with zinc as their main component, considering that we detected no elevated
concentrations of other metals.

Locally elevated concentrations were also detected for labile lead in soils of the dump near
Vlg. Sennaya Guba - 4 mg/kg, but these values were within current regulatory limits. The same
sample also contained slightly elevated (vs. the control) amounts of labile cadmium, tin, and
antimony.
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Table 12. Content of chemical elements in labile form in soils of the dumps and control sites (Kizhi skerries)

Site c:n"/':]z‘l’:;n S Ti v G Mn G Ni Q In
010 m 002 0.06-0.17 0.05 0.17 3161582 0.03 02 0.14-023 1723261
Sennaya Guba, dump  10-20.m 0.04 0.04-0.25 007 o 0185305 001023 009032 04 0.36-339
below50cm  0.06 0.17 0.07 022 0384088 000025 005041 047 051229

Sychi 2, control 0-10 cm 0.05 0.79 0.09 0.44 25.58 0.117 0.27 0.46 166

‘ Y Ir Nb Mo Ag d Lu Hf Ta
0-10cm 0.05 0.006 10 0.03 6107 0.02-0.21 10 310 3107
Sennaya Guba,dump ~ 10-20cm 0.07 0017 710 0.04 0.006 0.03 10 710 5107
below 50 cm 01 0.023 610 0.04 710 0.007-0.05 310 0.0011 5107

Sychi 2, control 0-10em 0.05 0.014 0.002 0.043 0.0016 0.03 9107 6107 1107
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w ‘ Re ‘ Hg G Sn ‘ Tl ‘ Pb ‘ Bi B
0-10cm 4107 3107 0.002 1788 0.002-0.02 0.001 0.04-4.12 410 0.26
Sennaya Guba,dump ~ 10-20 cm 310 41073 0.005 1194 0.004 0.002 0.12 10 0.22
below 50 cm 310 5107 0.004 997 0.003 0.002 0.03-248 10 0.28

StiLonmol  0-10am 710 0003 923 0009 10 275 10 011
| T T T T T T S R I
0-10a AL 004 000301 210° 0004 0003 572 116 1165
SemaaGubadump  100am 0002 005 0004 310 0003 0005 575 144 1649
belowS0m 0002 005 0005 710 0003 0007 40 131 1667

Sychi 2, control 0-10cm 0.008 0.03 0.004 6107 0021 0.003 305 177 1535
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‘ ‘ Rb ‘ Sr ‘ G ‘ Ba ‘ La ‘ (e ‘ Pr ‘ Nd
0-10cm 1.38 5.74 0.003 164 0.05 0.07 0.01 0.06
Sennaya Guba,dump  10-20 cm 1.36 5.77 0.004 14 0.06 0.11 0.01 0.09
below 50 cm 13 4.05 0.009 106 0.08 015 0.02 012
............................................ Ay135636000517704206005035
Sennaya Guba, control Bm 1.89 9.14 0.004 318 0.08 0.1 0.02 0.09
BmC 146 163 0.01 13.7 012 0.16 002 012
oyatwshchmadump ......... 0 10cm ................ 029 599 ..................... 0001 ..................... 83 ,,,,,,,,,,,,,,,,,,,,,, 001 S 001 ..................... 0003 . 002 .............

Oyat,vshchmacomm[ ........ 0 10cm ................ 029419 ..................... 0001105 ..................... 002003 ..................... 0005002 .............

Telwmlkovudump ......... 0 10cm ................ 015 ........................ 3 57 .................... 0 001 e 102 ..................... 004 S 003 e 001 . 005 .............

Telyam,kovo”ump ........ 0 10cm ................ 026176 ..................... 0001 ..................... 69 ,,,,,,,,,,,,,,,,,,,,,, 003007 .................... 0007003 .............

Te[yatmkovocomml 010cm ................ 059 255 ..................... 0 002 ..................... 12 ,,,,,,,,,,,,,,,,,,,,,, 005 ...................... 01 ,,,,,,,,,,,,,,,,,,,,,, 0 012 . 005 .............
....... Ma[kovetsdumpomcmggggg(,3300300(,0003004
...... Ma[kovetscontm[ 010cm 033 231 . 0 001 e 93 e 005 S 003 . 0 012 . 006
Sycml dump Olocm 236 ........................ 26 ,,,,,,,,,,,,,,,,,,,,,, 0004 ..................... 9 ,,,,,,,,,,,,,,,,,,,,,,, 001 S 002 ..................... 0 001 . 001 .............
Sycmlcomml Olocm 275 ........................ 29 ,,,,,,,,,,,,,,,,,,,,,, 0004 e 206 ..................... 042 S 134 .................... 0 061 . 033 .............
gycmz dump Olocm 223 ....................... 3304 ................... 0 002 e 258 e 007 S 015 ..................... 0 016 . 003 .............
Sycmwmml 010cm 215 ....................... 403 ..................... 0006 e 139 ..................... 003 S 007 .................... 0003 . 004 ‘‘‘‘‘‘‘‘‘‘‘‘
‘ Sm ‘ Eu ‘ Gd ‘ Tb ‘ Dy ‘ Ho ‘ Er ‘ Tm ‘ Yb ‘ Se
0.01 0.004 0.01 0.001 001 0.001 0.003 10 0.002 0.009
Sennaya Guba, dump 0.02 0.004 0.02 0.001 0.02 0.001 0.004 310 0.003 0021

Sychi 2, control 0.009 0.003 0011 610 0.009 610 0.003 110 0.002 0011

Note: BDL - below detection limit; colors indicate: - transition metals, - post-transition metals,
- metalloids, - alkali and alkaline earth metals, - lanthanides, - non-metals
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Sanitary and parasitological studies

The results of sanitary and parasitological studies conformed to normative levels.

According to the regulation “On the procedure of quantifying damage from land pollution with
chemical substances” (Appendix 1), soils in all the studied dumps belong to the low-pollution
category.

That said, even small-size unauthorized MSW dumps are a potential threat to the nature.

More attention should therefore be given to environmental education of local people and
tourists, building up awareness among authorities, and establishing the infrastructure for
environmentally sustainable management of the areas.

Recommendations for clean-up and remediation of unauthorized dump areas are similar to
those given for the Vodlozersky NP.

J—
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Samples were collected at four sites in Kizhi skerries (Table 13, Fig. 42). Station Z2 was situ-
ated near the main pier of Kizhi Open Air Museum, where large tourist vessels arrive. Station
Z(OT) was situated near the Coast Guard station, near the shortest waterway from the main-
land (Oyativshina) to Kizhi Island. Station Z3 was situated 2.8 km north-east from Kizhi Island,
at the northern exit of the navigation passage from the Kizhi skerries. Station Z4 was located
along the navigation passage in the skerries, 6 km south from Kizhi Island, near Sychi Village.

Table 13. Sampling stations in the Kizhi skerries

Z2 10.09.2019 4.1 62.07317 35.21381
Z3 09.09.2019 9.5 62.101 35.25144
74 10.09.2019 6.5 62.02672 35.22064

Z(OT) 18.06.2020 4.0 62.0843 35.2014
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Figure 42. Sampling
stations for MP con-
tamination in the Kizhi
skerries.
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The mean total MP content in sediments in the Kizhi skerries was 3413 1965 pcs/kgDW. The
highest MP content of 6395 pcs/kg DW was observed at the station Z2, near the main
pier of the Kizhi Open Air Museum (Table 14, Fig. 43). The other three stations had compa-
rable total MP abundances, which varied between 2043 and 2643 pcs/kg DW. The highest MP
abundance at the station Z2 was mainly due to the high fiber content (85%). It is noteworthy
that fiber is the most easily transported form of microplastics (Bagaev et al., 2016). Fiber is
able to travel long distances in aquatic environments and cannot be related to the proximity
to the MP sources (Zobkov et al., 2020a). The fiber content at this station was at least 1.5
times higher than in the central part of Lake Onega, where MPs were mainly of the fibrous
type. Meanwhile, this MP content is the highest detected in Lake Onega so far (Zobkov et
al., 2020a). The possible reason for such high MP abundance is that the sample was collected
along the navigation passage: due to the very small depth, currents and stern waves generat-
ed by vessels, bottom sediments along the navigation passage are stirred up, and sediment
particles together with MPs are eroded and deposited in the adjacent accumulation areas in
much larger quantities. However, due to slow water exchange in the enclosed area of skerries,
domestic water discharges also can have a notable effect on such high fiber accumulation. As
can be seen from Table 14, the total MP content and the content of other fractions at other
stations was comparable with other regions of Lake Onega. However, of particular concern is
the increased abundance of films at stations Z4 and Z(OT), and fragments at station Z(OT).
The increased abundance of these forms can be associated with the proximity of MP sourc-
es, such as waste sites, surface runoff, and domestic wastewater discharges (Zobkov et al.,
2020a). Examples of MP specimens extracted from sediment samples are presented in Fig. 44.

Table 14. Microplastic abundance in the Kizhi skerries sediments, pcs/kg DW

Z2 5431 361 318 285 6395
Z3 1548 491 313 238 2589
74 1649 251 677 66 2643
Z(0T) 521 375 511 636 2043
Mean for Lake
Onega
12911628 454+536 154+159 288+400 2189+1024
(Zobkov et al.,

2020a)
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Fig. 44. Microplastic specimens extracted from bottom sediments in the Kizhi Skerries. A, B, C - films;

D, E - fibers; F - fragment.

4.5. Hydrological expedition to Lake Onega in Kizhi
surroundings

Introduction

Kizhi skerries is a system of islands and straits in the northwestern part of Lake Onega. It fea-
tures rapidly warmed up shallow water areas and weak water exchange with the open part of
Lake Onega. The favorable oxygen conditions in this peculiar region of Lake Onega determine
the hydrobiological community development patterns (Diversity..., 2003). The Kizhi skerries
area is intensively used for tourism, recreation, fishing, and water transport. Although the ter-
ritory is sparsely populated, the water area is affected by surface runoff from the Kizhi Open
Air Museum, as well as from horticultural, animal farming, and cattle grazing areas.

The hydrological regime of the Kizhi skerries, like that of Lake Onega in general, is charac-
terized by low annual fluctuations in the water level, the prevalence of wind-driven currents
during the open water period, and a long ice-covered period (5-6 months) (Lake Onega, 1999).
Freeze-up in the Kizhi skerries happens from late November to early December; ice thick-
ness can exceed 0.5-0.6 m in the end of March (Bulletin ..., 2007, 2009). Ice-off occurs in late
April-early May (Bulletin ..., 2007-2008).

In the Kizhi skerries, isolated from the main expanses of Lake Onega, sustainable functioning
of the ecosystem can be disrupted by an increase in the concentration of nutrients (phospho-
rus and nitrogen) and the influx of organic substances from household wastewater, water
transport, as a result of unorganized tourism and farming. The unstable circulation of water
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masses in the Kizhi skerries caused by the system of wind-driven currents, especially in the
summer, creates the conditions for the migration of eutrophic substances (phosphorus and
nitrogen) to central parts of Lake Onega (Onega ..., 2006).

Since 1994, the chemical composition of the Kizhi skerries waters has been studied by em-
ployees of the Laboratory for hydrochemistry and hydrogeology of the Northern Water Prob-
lems Institute of the Karelian Research Centre Russian Academy of Sciences in the framework
of the "Environmental Monitoring of the Kizhi Open Air Museum" and under the Agreement
on Cooperation between the Kizhi Museum and the Karelian Research Centre, as well as with-
in RFBR and RSF projects (Report ..., 1994; Bulletin ..., 2003-2013; Sabylina, Ryzhakov, 2007;
2016, etc.). Since 2014, the study of the chemical composition of Kizhi skerries waters has

also been carried out by specialists from the accredited Center for Laboratory Analysis and
Technical Measurements in the Republic of Karelia (TsLATI) (Bulletin ..., 2014, 2015). The main
chemical indicators monitored in the Kizhi skerries are: the content of nutrients - mineral and
total phosphorus, ammonium, nitrites, nitrates, total nitrogen, permanganate and bichromate
oxidation indexes, oil concentration, and also suspended solids.

The hydrodynamic features of the Kizhi skerries were studied in June and October 1994, when
direct measurements of currents in bays, straits and open parts of the skerries were taken

to evaluate the water exchange between the skerries and Lake Onega open part (Report ...,
1994).

In June 2019, within the framework of the international project “Sustainability under Pressure:
Environmental Resilience in natural and cultural heritage areas with intensive recreation”, a
number of hydrophysical and chemical-biological parameters of the water column in the
Kizhi skerries were measured from aboard the research vessel Ekolog. The goal was to study
the spatial distribution of environmental parameters that affect the functioning of the
aquatic ecosystems.

During the expedition, measurements of the vertical distribution of temperature, electrical
conductivity, turbidity, and chlorophyll “a” were carried out at 12 stations. The locations of
stations are shown in Figure 45. The measurements were performed using a CTD90M Sea &
Sun Technology (Germany) multiparameter probe (Fig. 46) with the technical characteristics
shown in Table 15.

Table 15. Technical specifications of Multiparameter Probe CTD90M

Pressure, bar 20 bar +0.1%fs
Temperature, °C -2-+435 +0.005
B B “Sea&Sun
CTD90M Electrical conductivity, pS/cm 0-60 +0.020 Technology”
e e (Germany)
Turbidity, NTU 0...1000 0.1

Chlorophyll “a”, mg/I 0-10 0.02
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Figure 45. Layout of hydrological measurement stations in Kizhi skerries in June 2019

Figure 46. Multiparameter probe CTD90M Sea & Sun
Technology (Germany)
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The low-mineralized water in the skerries is classified as high-quality water. The main compo-
nents of the salt composition are hydrocarbonates and calcium, the water reaction is slightly
alkaline (pH 6.96-7.9), which creates favorable conditions for the development of plankton
(Report ..., 1994; Bulletin ..., 2015). Water transparency increases markedly from spring (1.5-
1.9 m) to autumn (2.9-3.1 m) (Report..., 1994). The oxygen regime is favorable; on average,
water saturation with oxygen is 85-95%. In the end of June, the oxygen concentration reaches
8-10 mg/L with a saturation of 90-105%, and the respective levels in the fall are 11.4-11.9
mg/L and 90% (Report..., 1994; Bulletin ..., 2007, 2010, 2011).

The watercolor is low (19-39 mgPt-Co/L), as well as the organic matter content (13.7 mg/L,
TOC 7 mg/L) (Report ..., 1994; Bulletin ..., 2007, 2015). The interannual range of Corg fluctua-
tions in the Kizhi skerries area is 10-15%, which indicates the stability of the lake ecosystem in
this region of the lake (Bulletin ..., 2007). The CODMn in 2000-2012 varied between 6.0-8.5 mg
O/I. The seasonal and interannual variability of this indicator is due to the activity of produc-
tion and destruction processes, closed circulation of water masses, as well as active water
exchange with the central reaches of the lake (Bulletin ..., 2013).

According to measurements in the open water period in 1977 and 1978, total phosphorous
content (TP) - the main eutrophying agent - in Kizhi skerries water did not exceed 9-12 ug/L.
By 1994, it increased to 8-26 pg/L, i.e., approached the upper limit for an oligotrophic water-
body (Report ..., 1994). According to measurements in 1994-2012, the long-term dynamics of
the TP content is wave-like, which may be due to the variability of hydrodynamic conditions in
the region and the variable phosphorus input from the catchment. Total phosphorus levels
were high in 1994, 1997, 2003, 2004, 2006, and 2007 (17-25 pg/L), and low in 2002 and 2011
(9-10 pg/L) (Bulletin ..., 2008, 2013). In August and September 2008, high concentrations of
almost all chemical components were recorded in the Dolgiy Island area. E.g., the concen-
tration of TP reached a maximum of 77 pg/L, which had never been recorded in the skerries
water before (Bulletin ..., 2009).

The average concentration of total nitrogen (TN) in 1994 was 0.60 mgN/L, which was slightly
higher than in the lake's central region - 0.55 mgN/L (Report ..., 1994). In the period 1994-
2012, the concentration of varied within 0.20-0.80 mgN/L (Bulletin ..., 2008, 2013). The TN con-
centration of NO3. has a pronounced seasonal variation - twice lower in late spring (0.09-0.20
mgN/L) than in autumn (0.23-0.28 mgN/L); the concentration of NH4+ in spring was higher
(0.06-0.17 mgN/L) than in autumn (0.02-0.05 mgN/L) (Report ..., 1994). Silicium concentration
declined from spring (0.55 mg/L) to autumn (0.29 mg/L) (Report ..., 1994).

Total iron content in the skerries water averaged 0.12 mg/l, which is 2.5 times that of the lake's
open region. This is due to the geochemical specifics of the region (shungite rocks). The indicated
concentration of iron in water is favorable for the development of plankton (Bulletin ..., 2011).

The seasonal variation of nutrients, as well as high concentrations of chlorophyll "A" (up to 2.5
pg/L) and oversaturation with oxygen (up to 106%) with a simultaneous decrease in carbon
dioxide concentrations (to 0.28 mg/L) indicate an acceleration of production processes (Report ...,
1994).
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In the spring-summer period, due to intensive navigation and tourism, an increased content
of total petroleum hydrocarbons (TPH) is observed in the fairway: in 1994 to 0.40-0.80 mg/L
(Report ..., 1994), in 1998-2003 to 0.20-0.29 mg/L (Sabylina & Ryzhakov, 2007), the maximum
permissible concentration (MPC) for fishery-intended waters being 0.05 mg/L. In autumn, the
concentration of oil products decreases markedly, but they still occur everywhere. The dynam-
ics of the average concentration of TPH over the period 2001-2014 is given in the Bulletin
... (2015), where it is shown that the MPC for fishery-intended waters was exceeded in
2001, 2008, 2013, and 2014. The highest content of TPH was observed in August and Sep-
tember 2008 - up to 2.50 mg/l (about 50x MPCs), in the wake of a water transport emergency
in this area of the lake (Sabylina et al., 2010; Bulletin ..., 2009, 2015).

Aquatic organisms begin to accumulate heavy metals as their concentration increases along
the algae - invertebrates - fish chain. The toxic effect of heavy metals depends on their form
in water. The most dangerous form is ionic. For the Kizhi skerries region, according to meas-
urements in the open water period 2011, heavy metal concentrations were below the MPC
values for waters of significance for fisheries: average zinc (Zn) content - 4.4 (MPC - 10.0), lead
(Pb) - 0.4 (MPC - 5.0), cadmium (Cd) - 0.03 (MPC - 5.0), and nickel (Ni) - 0.3 pg/L (MPC - 10.0).
An exception is the content of copper (Cu), whose concentration in water in this region of the
lake varied from 0.7 to 1.8 pg/L, averaging 1.1 ug/L (MPC 1.0). Moreover, the MPC value was
exceeded in 64% of the eleven samples taken (Bulletin ..., 2012).

The period of the water warming up to 10-15 degrees in the Kizhi skerries is the period of
transition to the summer state, when the growth of spring plankton ends. In the seasonal cy-
cle, the spring period accounts for 50% of the annual phytoplankton production, which prede-
termines the active development of destruction processes in the summer period.

With flood waters in spring, a large amount of organic matter enters the water mass of the
Kizhi skerries, resulting in high bacterial activity. When the temperature rises to 10-15 de-
grees, bacterial biosynthesis and destruction processes are sharply activated. During this
period, bacterial destruction can be twice as high as production. Such an excess is typical for
waters in which much of the organic matter is of allochthonous origin. In general, the spring
period is characterized by high activity of both synthetic and destructive bacterial processes,
indicating a high trophic status of this region.

Water cooling to 4-5 degrees in the fall is accompanied by a sharp decline in bacterial activity.
As compared to spring, the rate of photosynthesis under the low temperatures and poor light
conditions decreases by an order of magnitude. Destruction activity plummets.

The species composition of the algal flora in the skerries region totals 105 species and in-
traspecific taxa belonging to seven types: cyanobacteria (9), golden algae (10), diatoms (57),
yellow-green algae (1), pyrophytic algae (9), euglenoids (2), green algae (17).

In June, maximum diversity and development is displayed by diatoms and chrysophytes, in the
fall - by diatoms and cyanobacteria. Diatoms form the bulk of phytoplanktic biomass (up to
80-90%) in Lake Onega.
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Thus, water in the Kizhi skerries can be described as moderately polluted, exposed to
anthropogenic impact. At the same time, the level of pollution in spring is higher than in
fall because of navigation and the input of pollutants from the catchment area.

The water quality of the Kizhi skerries is determined by water exchange with the open part of
Lake Onega, where the water is of higher quality. Currents in the skerries are of two types -
wind currents and seiche currents. During the open water period, wind currents are unsteady
due to the variability of the wind field. The maximum speeds of wind currents do not exceed
20-30 cm/s, and such currents occur in the surface layers of the water column (according to
(Report ..., 1994)).

Seiche currents arise as a result of seiche level fluctuations in the open part of Lake One-

ga and level fluctuations in the semi-enclosed parts of the skerries. The highest speeds of
seiche currents are observed in narrowed areas and straits. The period of the main seiche in
Lake Onega is 4 hours 20 minutes, the same period dominates in seiche currents. During the
freeze-up period, seiche currents are the main type of currents in the skerries.

Thus, Kizhi skerries are characterized by specific environmental conditions that determine
the formation of biological communities. These conditions include early seasonal warm-
ing of shallow waters, overgrowing of coastal areas with higher aquatic vegetation, and the
influence of terrigenous runoff, which determines the high productivity of all trophic levels of
the biota. Favorable trophic conditions determine the richness of the species composition of
planktic and benthic organisms. In general, the development of biological communities in the
skerry region is at the mesotrophic level.

Results of the June 6-7, 2019 expedition to the Kizhi skerries from aboard the research
vessel Ekolog:

During the measurements on June 6-7, 2019, the water temperature in the surface layers of
the Kizhi skerries reached 16-19°C (Figs. 47, 48), decreasing to 11-13°C in the bottom layers.
The warmest surface layer was formed in shallow waters near the shore (Fig. 47b). For exam-
ple, the temperature of the upper 1.5 m layer at station 2 was 18.7-19°C, while the temper-
ature gradient in the thermocline layer at depths of 1.5-2.1 m reached 10 °C/m. In the open
parts of the skerries, the surface temperature was noticeably lower (Fig. 47a).

The electrical conductivity of the water was about 0.045 pS/cm over the water column with an
increase to 0.05-0.06 pS/cm in a thin layer near the bottom (Fig. 48). At the deep-water sta-
tion 7, a sharp increase in electrical conductivity to 0.11 pS/cm was observed in a thin 20 cm
bottom layer. The turbidity was 2-3 EMFs, sharply increasing in the bottom layer to 7-9 EMFs
(Fig. 48).

The distribution of chlorophyll “a” concentration over the water column was fairly uniform —
about 1 pg/l, while at most stations a local maximum of 1.5-2.1 pg/l was observed at a depth
of about 2-3 m (Figs. 48, 49). In the bottom layers of stations 1 and 7, an increase in the con-
centration of chlorophyll “a” to 3-6 ug/l was noted.
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Figure 47. The vertical temperature distribution at the stations in the open parts of the Kizhi skerries (a)
and near the shore (b) on June 6-7, 2019
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Figure 48. The vertical distribution of temperature, electrical conductivity and turbidity of water
and concentrations of chlorophyll “a” on June 6-7, 2019 at stations 001, 003, 009 and 012
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Figure 49. The vertical distribution of chlorophyll "a" concentration across the water column
at the measurement stations in the Kizhi skerries on June 6-7, 2019.
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Vodlozersky National Park and Kizhi Skerries are two of the most attractive and promis-

ing areas in Karelia for nature tourism. Although Vodlozersky NP area became populated

by humans in ancient times (6th - mid-2nd Ma B.P.), it has preserved unique landscapes
with nearly pristine spruce and pine forest (JlornHos, 1995). The Kizhi Archipelago, with its
centuries-long history of active agriculture in the region (the first settlements were known
here ca. 8000-9000 Ka B.P.), on the other hand, experienced an irreversible transformation
of natural forest cover, which was replaced by agricultural landscapes of different structural
and mosaic qualities (3aoHexkbe..., 2018).

Owing to the functional and developing infrastructure of the national park and the Kizhi
Open Air Museum, tourist traffic has been continuously growing, which cannot but affect the
natural ecosystems suffering substantial anthropogenic pressure.

The recreational load and waste dumping affect all components of forest ecosystems. The
recreational impact is the most tangible for the living ground cover and the soil, in which
structural changes caused by trampling (campsites) and pollution (dumps) can be diagnosed
visually already in the early stages of recreational vegetation digression and require wise
actions to mitigate their effects on the ecosystem.

Objective: To study the effect of the flora in waste dumps on natural plant communities
in the Vodlozersky NP and Kizhi. To determine the degree of the plant cover disturbance
(degradation) in Vodlozersky NP and Kizhi sites exposed to intensive recreational pressure
(tourist campsites).

The research objects were the plant cover (flora and vegetation) in three campsites in the
Vodlozersky National Park (NP), and the flora of 9 waste dumps (two in Vodlozersky NP, and
seven in the Kizhi Open Air Museum). Most of the dumps were quite small (5 to 25-30 m2),
appearing as piles of dry domestic wastes (plastic bottles, construction material, rags, etc.).
Two largest dumps in our surveys are situated near Vlg. Kuganavolok (Pudozhsky District),
occupying 0.4 ha, and near VIg. Sennaya Guba, Selga locality (Medvezhegorsky District),
occupying 0.3 ha.

The areas in question are situated in two floristic districts - Vodlozersky (NP Vodlozersky)
and Zaonezhsky (Kizhi museum), or in the geographical provinces Karelia transonegensis
(Kton) and Karelia onegensis (Kon) (Ramenskaya, 1983; Kravchenko, 2007).
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Dump areas

Surveys followed the classical transect method: the whole dump area and several tens of me-
ters around the dumps were closely surveyed to detect invasive species capable of invading
natural communities. Growth cycles of alien species differ markedly, usually covering three
seasons: late spring - summer - early fall. Hence, to identify the floral diversity of the dumps
as comprehensively as possible, surveys were carried out in the second half of May, in July,
and in early September 2019-2020. All herbarium specimens are deposited at the Herbari-
um of the Karelian Research Centre RAS (PT2).

Plant cover of tourist sites

Plants in the ground cover are the first to suffer the effects of recreational pressure, the
primary impact in such forms of recreation as tourism and outdoor activities being tram-
pling and damage to the tree layer of the forest. When assessing the recreational impact,

the tolerance threshold of different forest communities should be determined (PbicnH, 1983;
FeHcupyk v ap., 1987). The criterion for threshold-level disturbance is the ability of the forest
community to recover without assistance under exposure to intensive recreation. Recreation-
al loads can be classified into permissible, maximum permissible, critical, and catastrophic.
Permissible recreational load corresponds to changes in forest ecosystems varying from
barely noticeable signs of degradation to the upper limit of stage Il digression. In this
category, the ecosystem can handle an increase in recreational load without losing the ability
to restore itself. A load corresponding to the upper limit of digression stage Il is perceived as
optimal. Maximum permissible recreational load corresponds to the upper limit of digression
stage Ill, in which forest ecosystems are still capable of restoring themselves, but lose some
non-essential elements or links (upper canopy and stand regrowth sparsing, loss of typical
species from the ground cover). The boundary between the third and fourth stages of digres-
sion is considered the tolerance threshold of the ecosystem. Further build-up of recreational
load takes the forest ecosystem to digression stage IV, in which the overall structure of the
ecosystem cannot be recovered without introducing substantial restrictions and sometimes
taking forest restoration actions. The final stage of recreational digression is stage V - cata-
strophic, in which links between ecosystem components are broken irretrievably. The stage of
the natural environment digression is directly dependent on the recreational load and toler-
ance of the natural ecosystems. The stage of recreational digression is determined by evaluat-
ing the degree of the plant cover disturbance (Table 16).

The degree of digression (disturbance) of the plant cover in the campsites was determined
using a method based on mapping the living ground cover (LGC) to spot tree layer damage
and areas worn out by trampling. Campsite boundaries were identified based on the degree
of LGC disturbance. The boundaries were quite clearly visualized, since “trampling areas” were
limited to the main elements of infrastructure: fire sites - shelters, tables - toilet - woodshed,
etc., rarely surpassing them.

The following LGC parameters were taken into account in this study: species composition

of vascular plants, mosses, and lichens, and their percent cover, both in general and ratios
relative to each other. The species composition of mosses and lichens was not fully identified
- the descriptions included only the most common boreal species we could identify. The LGC



Table 16. Recreational digression stages for forests

Digression
stages

Ground cover and forest floor

Herbaceous cover not disturbed and
matches the original forest type. Forest
floor not damaged.

DPSIR Framework

Tree stand, regrowth layer
and understory

Understory and regrowing trees match
the site conditions and are not damaged.

Herbaceous cover disturbed only slightly.

Distinct layers.

Understory and regrowing trees in
satisfactory condition. Trees in good or
satisfactory condition prevail in the tree
stand (75-90%).

Herbaceous cover disturbed; ruderal
and/or meadow herbs atypical of the
community appear. Differentiation into
layers still preserved.

Remaining regrowth is poorly differen-
tiated. Hardly any saplings of original
stand-forming species are present.

Herbaceous cover degrading. Biomass
and abundance of ruderal and meadow

The tree & shrub layer is structured as
an alternation of patches of understory

v plants sharply increased. Forest floor in plants and poorly viable regrowth sepa-
the process of degradation. rated by openings and paths.
Herbaceous cover characteristic of the Regrowth and understory almost non-
given forest type has degraded. The per- existent. Light penetration through the
cent cover of ruderal and meadow plant canopy significantly enlarged. Trees have

V species vastly exceeds the contribution mechanical damage and are dying back.

of forest species, the latter preserved
only at trunk bases. Forest floor com-
pletely ruined.

A substantial part of trees has roots
exposed.

in the plant communities was described using a standard technique of geobotanical surveys
(MoneBas reoboTaHvka, 1964, 1976).

Campsites' spaces were conventionally divided into 3 zones according to the degree of tram-
pling damage to the ground cover: heavy (sweeping) trampling damage zone, medium (mod-
erate) trampling damage zone, and mild trampling damage zone (TumodeeBa, KyTeHKOB,

2008, 2010; Timofeeva, Kutenkov, 2009):

I. Heavy (sweeping) trampling damage zone. The main trait of the zone is near absence of

the living ground cover. 90-100% of the area is worn out by trampling. Recreational digression
in this zone is in stage V.

Il. Medium (moderate) trampling damage zone. The area worn out by trampling can occupy
30-80%. Living ground cover disturbances match stages lll or IV of recreational digression. The
ground cover is retained around the trunks of isolated trees and/or within vegetation patches
separated by paths. The size of the clumps can vary from 0.5 x 0.5 m to 3.0 x 3.0 m and more.
The ground cover is flattened, locally worn-out, but generally consists of species typical of the
given forest type. This zone occupies on average ca. 25% of the site area.
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IIl. Relatively slight trampling damage zone. The area worn out by trampling is 1-30%. The
living ground cover is retained in much of the area, but is locally heavily flattened (Fig. 61). The
network of paths is sparse; vegetation in paths is moderately worn out. Stage II-1ll of recrea-
tional digression. This zone can occupy up to 30-35% of the site area.

Control (reference) plots were established in sites relatively unaffected by recreation (no visi-
ble signs of disturbance), representing the same forest types, and with a similar topographic
position; their size was 30 x 30 m.

4.6.3. Results: campsites

In total, the shrub and field layers in the campsites were found to harbor 130 vascular plant
species, but the diversity of the flora was the highest in the Okhtoma tourist facility, whereas
the insular Rogunovo-1 and Rogunovo-2 campsites had 1.3-1.8 times fewer species (Table
17). The paucity of the flora on Isl. Rogunovo can be explained by the originally poor floristic
composition of pine and spruce forests in the cowberry- and bilberry groups of habitat types,
as well as by a low input of plant diaspores from the mainland.

LGC disturbance is uneven within the campsites. Three zones can be distinguished depending
on the degree of trampling damage (Table 17).

Table 17. Number of vascular plant species in campsites and waste dumps

Trampling damage areas

Total
number of
species
32.7 50 49,5 35 34.7

Okhtoma 101 33
Rogunovo-1 74 17 23.0 48 64.9 44 59.5
Rogunovo-2 56 19 33.9 37 66.1 22 39.3

Local (native) species predominate in the flora of all the three campsites (82.2% - Okhtoma,
86.5 - Rogunovo 1, 92.9% - Rogunovo 2). The share of alien species is quite low - 7.1-13.5%
(Rogunovo 1,2), but much higher (17.8%) in the Okhtoma tourist facility owing to alien species
brought in by vehicles.

The shrub layer (understory) is represented by species typical of Karelian forests (8 species),
the most abundant ones being the rowan (Sorbus aucuparia) and common juniper (Juniperus
communis).
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The field layer within the campsites was found to comprise 120 species. The dominants are
the bilberry (Vaccinium myrtillus) - its percent cover varies among trampling damage zones
within 0.1-45%, wavy hairgrass (Avenella flexuosa) - 0.1-25, false lily of the valley (Maianthemum
bifolium) - 1-30%, and highly trampling-resistant species such as the annual meadow grass
(Poa annua) and white clover (Trifolium repens).

LGC disturbance in the campsites is uneven, and spaces inside the campsites can be divided
into three zones depending on trampling damage.

Characteristics of the living ground cover in the campsite Rogunovo-1 (Fig. 50).

The campsite is situated on Isl. Rogunovo, on Lake Vodlozero shore, in a cowberry-bilber-
ry-type pine stand (62.282997 N, 36.918739 E).

I. Heavy trampling damage zone is situated by the fire site and table (Fig. 51) and occupies
some 30-35% of the total campsite area. The total percent cover (TPC) of the living ground
cover (LGQ) is 2%; TPC of the field layer is 2%; TPC of the moss layer is <1%. Nearly 98% of the
area is trampled down. Occasional plants are Trifolium repens, Maianthemum bifolium, Avenella
flexuosa; mosses are represented only by fragmentary patches of Pleurozium schreberi. This
zone is characterized by stage V of recreational digression of the ground cover.

Remaining trees are few, usually with mechanical damage, or absent (Fig. 64). Regrowth and
understory are absent. Forest floor is ruined.

[l. Medium (moderate) trampling damage zone. Some 60% of the area is trampled down. The
living ground cover is fragmented. LGC TPC is 50%; field layer TPC 40%; moss TPC 2%. This
zone occupies ca. 65% of the campsite. Damage to the living ground cover corresponds to
stages Ill or IV of recreational digression. LGC persists around trunks of separately standing
trees and/or inside tree patches separated by paths. The ground cover is flattened, somewhat
worn out, but generally consists of species typical of this forest type. The prevalent herbs are
Trifolium repens (25% TPC), and Poa compressa (10%). Other species have percent covers <1%.
Zone |l features the highest diversity of the flora, which is similar in all the campsites, ex-
plained by a localized “edge effect” - when competition from forest species is still quite strong,
but disturbed areas are already getting colonized by ruderal and meadow vascular plants.

lll. Relatively mild trampling damage zone (Fig. 52). Some 15% of the area is trampled down.
The living ground cover is largely retained, but heavily flattened in places (Fig. 53), and se-
verely worn out only in several paths. LGC TPC is 55%; field layer TPC 55%; moss TPC 1%. The
dominants in the field layer are Maianthemum bifolium (PTC 30%), Poa palustris (20%), Trifolium
repens, Deschampsia cespitosa, and Oxalis acetosella (3%). This zone occupies ca. 25% of the
campsite. Recreational digression stage Il-lll.
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Fig. 50. Layout of the living ground cover in “Rogunovo-1" tourist facility.
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Characteristics of the living ground cover in the campsite Rogunovo-2 (Fig. 54).

The campsite is situated on Isl. Rogunovo, on Lake Vodlozero shore, in a cowberry-bilber-
ry-type pine stand (62.285535 N, 36.911529 E).

Only two trampling damage zones can be clearly distinguished in the campsite - | and Il. Zone
[l (mild trampling) is fuzzy, with no clear boundary with the surrounding forest bearing minor
traces of LGC disturbance.
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|. Heavy trampling damage zone is situated by the tables and fire site (Fig. 55). LGC TPC is 5%;
field layer TPC 5%; moss layer TPC 2%. Some 97% of the area is trampled down. Understory is
represented by solo specimens of Salix myrsinifolia, Salix aurita, and Frangula alnus. The most
common herbs are Maianthemum bifolium and Avenella flexuosa; mosses are represented only
by fragmentary patches of Pleurozium schreberi. This zone is characterized by stage V of recre-
ational digression.

[l. Medium (moderate) trampling damage zone (Fig. 56). Some 70% of the area is trampled
down. The living ground cover is fragmented. LGC TPC is 30%; field layer TPC 25%; moss TPC
5%. This zone occupies ca. 65% of the campsite. The ground cover is retained around tree
trunks and/or as isolated patches. The ground cover is worn out, forest species prevail - Vac-
cinium myrtillus (TPC 15%), Maianthemum bifolium (10%), Deschampsia cespitosa, Luzula pilosa,
Melampyrum pretense, Convallaria majalis. There occur singular specimens of meadow herbs -
Pimpinella saxifraga, Veronica chamaedrys. Disturbances in the living ground cover in different
parts of the site correspond to recreational digression stages Ill or IV.

[1l. Mild trampling damage zone (Fig. 57) in this campsite is indistinct, occupying a strip several
meters wide, beyond which extends the undisturbed forest community. This zone occupies ca.
10% of the campsite, human impact is minor - occasional paths. The prevalent plants in the
ground cover are herbs and sub-shrubs typical of this forest type - Vaccinium myrtillus, Vaccini-
um vitis-idaea, Carex globularis, mosses are represented by Pleurozium schreberi, Sphagnum sp.,
Dicranum sp. Recreational digression is in stage IV.
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Fig. 54. Layout of the living ground cover in “Rogunovo-2" campsite.
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Fig. 55. Rogunovo-2. Zone | Fig. 56. Rogunovo-2. Zone |l Fig. 57. Rogunovo-2. Zone IlI

Characteristics of the living ground cover of the Okhtoma tourist facility (Fig. 58).

Okhtoma tourist facility is situated on the south-western shore of Lake Vodlozero (62.270057
N, 36.747714 E) and, unlike Rogunovo-1 and Rogunovo-2 campsites, has the official touristic
status - there are 4 guesthouses, a bathhouse, and a separate dining room. Lodges and utility
buildings occupy an open meadow-converted site with a dirt road leading to it from the main-
land side.

I. Heavy trampling damage zone is situated around two fire sites and the pavilion and occupies
vast spaces around the dirt road adjoining the site (Fig. 59). This zone occupies some 1/3 of
the total facility area. LGC total percent cover is 10%; field layer TPC 10%; moss layer TPC 1-2%.
Around 90% of the zone is trampled down. Ruderal and meadow species prevail - Deschamp-
sia cespitosa, Plantago major, Leontodon automnalis, Trifolium repens, Poa annua; the only moss
present is the trampling-resistant Pholia nutans. The zone is characterized by stage V of recrea-
tional digression.

Il. Moderate trampling damage zone occupies around 50% of the entire facility. It is a mead-
ow-converted site accommodating guesthouses and most of utility structures (Fig. 60). The
share of trampled-down surface is 10-15%, since guests mostly use boardwalks to move
between buildings (Fig. 62). The living ground cover is formed by meadow and ruderal herbs
(Phleum pratense, Alchemilla sp., Lathyrus pratensis, etc.). LGC total percent cover is 60%; field
layer TPC 60%; moss layer TPC 20%. This zone occupies some 60% of the campsite. The forbs
meadow in this zone was found to contain a rare native species - Veratrum lobelianum (Fig.
63), which mostly occurs on the White Sea coast, less often further inland, and Karelia is the
western limit of its range (KpaBueHko, 2007).

IIl. Mild trampling damage zone is minor - a small patch of bilberry-type spruce stand neigh-
boring the facility on the north-west. The share of trampled-down surface is ca. 10%. The
living ground cover is retained in a substantial part of the territory, being worn out only in
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the few paths (Fig. 61). LGC TPC is 30%; field layer TPC 80%; moss layer TPC 1%. The ground
cover dominants are Vaccinium myrtillus, Vaccinium vitis-idaea, Maianthemum bifolium (10%),
open spaces are dominated by Calamagrostis arundinacea (35%), Agrostis capillaris (30%), and
Maianthemum bifolium (10%). This zone occupies some 60% of the campsite. The forest cover
is characterized by stage IlI-1ll of recreational digression.
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Fig. 58. Layout of the living ground cover in the Okhtoma tourist facility
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Assessment of the state of the living ground cover in the campsites Rogunovo-1 and Rogu-
novo-2, and the Okhtoma tourist facility showed that all these sites have similar disturbance
features, no matter for how long they have been used. Each site has areas with heavy, mod-
erate, and mild trampling damage. The spatial scope and characteristics of the disturbance
mainly depend on the presence/absence, siting and number of infrastructure elements (fire
sites, shelter pavilions, utility structures, etc.) within the sites, as well as on the site’s accessi-
bility by transport. In areas exposed to the heaviest human impact (zone I), plant communities
are disturbed in very similar ways: the forest floor is ruined, soils are worn out down to the
mineral horizon, tree roots are exposed, the field (sub-shrubs and herbs) and ground (mosses
and lichens) layers are represented by singular, usually trampling-resistant, species. That said,
such heavy disturbance occurs locally, not reaching beyond campsite limits, since trampling is
restrained by a wise arrangement of utilities. Disturbance of the living ground cover becomes
almost indiscernible to the eye in the very first meters outside the campsites. Zone 1 takes up
30-35% of the campsite area, on average. The living ground cover within zone | is in stage V of
recreational digression in all the campsites.

In the moderate trampling damage zone (ll), the living ground cover is fragmented, vegetation
patches retain traits of the campsite’s background plant communities. Forest-dwelling spe-
cies remain dominant (Vaccinium myrtillus, Vaccinium vitis idaeae, Deschampsia cespitosa,
etc.). This zone occupies 50 to 70% of the campsites and has a higher species diversity than
the other two - the forest community dominants are joined by ruderal and meadow species,
which actively colonize disturbed sites (Plantago major, Poa annua, Trifolium repens, etc.). The
ground cover in moderate trampling damage zones may differ between campsites depending
on the site conditions and the possibility of diaspore introduction from species alien to the
given forest community. Plant communities in zone Il are in critical or near-critical stages of
recreational digression (stages llI-IV or IV-V).

Mild trampling damage zones occupy 10-25% of the campsites’ total area, usually along the
periphery. The living ground cover is disturbed only in paths; the percent area worn out by
trampling in zone lll is 10-15%. Plant communities in this zone are usually in stages Il or lll of
recreational digression.

The flora in the campsites is very different in the species diversity from natural undisturbed
forest sites, being 5.4-7.6 times richer. On top of retaining a majority of typical forest-associ-
ated species, campsite flora is continuously enriched by introductions of regionally common
meadow and ruderal species, which usually settle in zones | and Il. This is in agreement with
data by other researchers who have studied forest plant community transformation under
recreational impact (3kocucremsl..., 1989). In the future, given the same mode and intensity of
use, the disturbed area within the campsites will not grow any significantly. Further changes
will probably be connected with the introduction of native meadow species and alien species.
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4.6.5. Results: Waste dumps flora

The environment for plants in waste dumps is sharply different from the conditions in natural
habitats. They have a peculiar microclimate, soils, hydrological regime, and other environ-
mental features compared, for instance, to forest habitats. Also, there being no tree canopy
over such ruderal habitats, so the light and thermal conditions change radically. In contrast
to forested spaces, dumps are open, well-warmed habitats. The ambient air temperature and
the soil temperature are much higher (because of waste decomposition processes). Another
factor for colonization by alien species is the absence of competition from native flora. Essen-
tially, the conditions for the life of plants in waste dumps in Karelia are comparable to semi-
steppe or steppe environments, i.e., the characteristics of these limited-size disturbed sites
as if move them 600-800 km southwards. Considering that many alien species are capable of
migrating hundreds or even thousands of kilometers northwards beyond their natural ranges,
finding themselves in our latitudes they can survive and get established only in human settle-
ments and their surroundings, colonizing ruderal ecotopes. That is why dumps often become
the first steppingstones for such species.

Surveys of 9 dumps yielded records of 230 vascular plant species (Table 18, for details, see
Appendix 2). Although native species prevailed in the flora of the dumps - 165 (71.4%), the
share of alien species was high and variable depending on the dump parameters and current
conditions (size, time of formation, waste variety, etc.). Expectedly higher (2-3 times higher)
diversity was found in large dumps in the villages of Kushnavolok and Sennaya Guba, as well
as the former (plowed under) dump on Kizhi Island (Fig. 67, 72).

Table 18. Number of vascular plant species in waste dumps

Native species Alien species
Total number

of species
of species of species
69.9 43 30,1

Dumps in NP Vodlozersky: 143 100

Kuganavolok 112 71 63.4 41 36,6
Okhtoma 57 51 89.5 6 10,5
Dumps in Kizhi Museum: 169 119 70.4 50 29,6
Kizhi (island) 72 37 514 35 48,6
Kushnavolok 37 34 91.9 3 8,1

Mal'kovets 32 30 93.8 2 6,2
Oyatevshchina 43 37 86.0 6 14,0
Sennaya Guba 95 57 60.0 38 40,0
Telyatnikovo 1 29 26 89.7 3 10,3

Telyatnikovo 2 25 22 88.0 3 12,0
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Moreover, the flora of waste dumps that are several times smaller (Telyatnikovo Village, Ku-
ganavolok, Mal'kovets Island, etc.) (Fig. 75-79) is characterized by a low representation of alien
species (especially exotic invasive elements), the proportion of which is 3-6 times lower than
in larger landfills. The number of alien species was the lowest in illegal dumps in the Kizhi
Museum territory situated at substantial distance from human communities (Kushnavolok,
Mal’kovets).

In terms of habitat type affiliations, species recorded from the dumps were distributed as
follows: the diversity of typical local flora species was expectedly high (forest species’ share
was 26.5% and meadow species contributed 28.3%). The combined share of species associ-
ated with other types of natural habitats (wetlands, forest margins, shores and banks, rocks)
was 21.4% and varied widely depending on the location of the dump in the terrain. The share
of species associated with “open habitats” (secondary biotopes - wastelands, dumps, kitchen
plots, roads, etc.) was 23.9% (Fig. 65). This group includes a majority of typical ruderal species
ubiquitous in wasteland habitats throughout Karelia (shepherd'’s purse Capsella bursa-pastoris,
creeping thistle Cirsium setosum, lamb's quarters Chenopodium album, etc.).

It is thus obvious that many native plant species (associated with forests, wetlands, and wa-
tersides) can tolerate some amount of human pressure and persist as components of ruderal

plant communities for indefinitely long. That said, more than a half of all species (52.2%) in
waste dumps prefer open disturbed habitats or meadows (Fig. 68, 73, 80).
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Fig. 65. Distribution of species recorded in dumps by habitat affiliations (% of the total number of species)
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The classification of adventitious species by the time and method of invasion and the degree
of naturalization revealed the following (Fig. 66):

1. as regards the time of invasion in the region, the leading group is archeophytes (invaded
Karelia before the 16th c.) - 61.5%. It includes species commonly occurring in the republic
in a wide range of disturbed habitats (common fumitory Fumaria officinalis, common chick-
weed Alsine media, common plantain Plantago major, etc.). The share of neophytes (later
migrants) is nearly twice lower - 38.5% (ground ivy Glechoma hederacea, lamb’s quarters
Chenopodium album, wild chamomile Lepidotheca suaveolens, etc.).

2. as regards the invasion method, the leader by far is xenophytes (unintentionally intro-
duced by humans) - 76.9% (sand rockcress Cardaminopsis arenosa, common orache Atriplex
patula, oak-leaved goosefoot Chenopodium glaucum, etc.). The combined share of cultured
species growing feral (ergasiophytes) and species dispersing without human assistance
(acolytophytes) is 23.1%. One can name ornamental and food plants popular among sec-
ond-homers, the usual dump “satellites”, such as Allium cepa, Anethum graveolens, Cosmos
bipinnatus, Solanum tuberosum (Fig. 69, 70, 74).

3. as regards the degree of naturalization, the most numerous are the adventitious species that
have already become naturalized in the Karelian environment and are successfully colonizing
secondary habitats (epecophytes) - 69.2%. This group includes many regionally widespread
ruderal species that are usually abundant in habitats transformed by human activity (pros-
trate knotweed Polygonum aviculare, large-flowered hemp-nettle Galeopsis speciosa, hedge
bindweed Calystegia sepium, etc.). Other groups contribute a total of 30.8%.
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Fig. 66. Distribution of adventitious species by invasion time and method and the degree of naturalization
(% of the total number of species)
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Owing to specific azonal conditions (disturbed ground, elevated temperature and microele-
ment content in the soil, lack of shadow, etc.) different from natural habitats, waste dumps
often act as source areas for dispersing invasive vascular plant species (alien species whose
dispersal may threaten the region’s biological diversity). The dumps surveyed were found to
contain several species classified as invasive in Karelia: Sambucus racemosa (Kizhi), Epilobium
adenocaulon (Kuganavolok, Okhtoma), Impatiens glandulifera (Kuganavolok) (Fig. 71), and Malus
domestica (Kizhi, Kuganavolok).

Studies have shown that the flora of the waste dumps features a far greater (2-8-fold) diver-
sity compared to the surrounding undisturbed forest communities. The number of species in
the largest dumps (Kuganavolok, Sennaya Guba) is expectedly higher, whereas the number of
species in the micro-dumps far away from human communities is 2-3 times lower.

The flora composition in all the dumps is mainly made up of native species, while the share
of alien species can be 3-6 times lower, depending on the dump size, waste fractions and
amount. Plant communities in the dumps are mostly composed of boreal meadow and forest
species. The percent-cover dominants in smaller dumps (Oyatevshchina, Telyatnikovo, etc.)
are Filipendula ulmaria, Urtica dioica, Aegopodium podagraria, quite frequent are Geranium
sylvaticum, Knautia arvensis, Rubus saxatilis, Lathyrus pratensis. Apart from native species, a
significant group in the largest dumps (Kuganavolok, Sennaya Guba) in terms of both species
number (around one-fourth of all species) and spatial coverage are open-habitat pioneers.
Most of them are alien species very common in the region, such as Cirsium setosum, Chenop-
odium album, Alsine media, etc. In addition to the ruderal species that are widespread in the
region, other usual inhabitants of waste dumps are so-called “escapees” - ornamental and
food plants people commonly grow in their subsistence plots: Anethum graveolens, Solanum
tuberosum, Allium cepa, Allium sativum, Cosmos bipinnatus, Chelidonium majus, etc.

The dumps were found to contain four species classified as invasive in Karelia: Sambucus
racemosa, Epilobium adenocaulon, Impatiens glandulifera, and Malus domestica. It is obvious by
now that these species have become quite common across southern parts of Karelia; some of
them spread actively and aggressively to secondary habitats, often displacing native species,
and forming thick single-species stands. Regular monitoring of habitats such as waste dumps
and other ruderal habitats is needed to be able to adequately predict how the situation with
invasive species will develop and understand the strategies of their potential future behavior
in the republic.

When large source areas of invasive species are detected in the region, the recommendation
is to eradicate them as soon as possible, before massive dispersal has occurred. Since waste
dumps often act as starting points from where invasive species spread across the region, the
first key step to take is to remediate them (for large official landfills) or to sort and recycle

the wastes (for illegal micro-dumps). As applied to the Himalayan balsam - one of the most
aggressive invasive species in the republic today, the control measures are total eradication of
populations, and prevention of seed formation and dispersal (BuHorpagoBa u gp., 2010). The
recommended time for eradication (by weeding, mowing, trimming) is late July, when the first
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flowers appear, to be repeated during 2-3 years, until new plants stop re-growing. Another key
action for preventing massive spread of alien vascular plant species is monitoring of potential
introduction sites. Regular check-up on first findings or established populations of such spe-
cies enables monitoring of changes in their status and predicting future behavior of alien flora
elements in the region.

Fig. 67. General view of the Kuganavolok dump Fig. 68. Fragment of weed-meadow vegetation in

the dump in Kuganavolok
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Fig. 71. Thickets of Impatiens glandulifera in the Fig. 72. Waste dump at Sennaya Guba Village
dump in Kuganavolok
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Fig. 73. Fragment of meadow vegetation in the Fig. 74. Solanum tuberosum

waste dump in Sennaya Guba Village

Fig. 75. Waste dump at the Okhtoma camp site Fig. 76. Waste dump on Mal'kovets Island
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Fig. 77. Waste dump 1 in Vig. Telyatnikovo
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Fig. 79. Waste dump at VIg. Oyativshchina Fig. 80. Common moonwort Botrychium lunaria



5. CASE ROKUA, FINLAND

5.1 Site introduction

The Rokua esker aquifer is one of the largest groundwater bodies in Finland with an area of
139 km2, of which 92 km2 is groundwater recharge area (Fig. 81). Aquifer thickness varies
from 30 m to 100 m and consists of sand and local deposits of gravel. The esker is protected
under the European Union's Natura 2000 network and contains a national park. The Rokua
esker aquifer is an example of unique dune formations caused by the wind and fluvial and
coastal currents, as well as deep depressions and kettle lakes formed by the preferential
melting of ice. Among the area’s key ecosystems are the crystal clear, oligotrophic, groundwa-
ter-dependent kettle lakes (Fig. 82). Rokua was also introduced as a member of the UNESCO
Geoparks Network. It is a popular recreation area and holiday resort with hotels and second
homes. The economic impact of the annual 120,000 tourists on the local economy is signifi-
cant (Jurvakainen, 2007).

As in most inland eskers in Finland, the Rokua groundwater system is unconfined in the re-
charge zone. It discharges groundwater into the surrounding peatlands, where peat partially
confines the groundwater. These peatlands have been used for forestry, peat mining and, on
a smaller scale, agriculture. In the past, Finnish water management did not consider drainage
in the groundwater discharge zone as a threat to the esker aquifer. Drainage for forestry was
supported by government subsidies and conducted on a large scale from the 1950s to the
1980s. Possible environmental impacts of this practice were studied and noticed only later.
Currently, drainage of pristine peatlands is rare, but poorly functioning drainage systems are
enhanced by drainage improvements (i.e., the reopening of filled ditches).



DPSIR Framework

| Matienal park
Hatura 2000 ares

: Peat harvesting area
- Lakes and riviers

Forestry ditches and streams
1 i:l Groundwater recharge area |
f :l Rokua groundwater protected area |

o 1 2z 3 4 -

| ) Kilomaters i

|
i
|
‘.

~

L]

Figure 81. The Rokua esker area and a cross-section sketch of the esker with recharge and discharge

areas (From Karjalainen et al .2013).

Figure 82. Rokua landscape and surroundings based on digital elevation model (National land survey

of Finland 2014). (photos by Pekka Rossi)
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5.2. DPSIR for Rokua

5.2.1. Drivers

At Rokua, groundwater-dependent lake levels were observed to decline after a drought period
in the 1980s, and the same decline was also repeated after later dry seasons. The need for
research in the Rokua area was catalyzed by a dry period in the 2000s, when the water level of
the Rokua lakes and groundwater were, as in the 1980s, again substantially declining. At this
point, the decline was attributed to several factors, including forestry ditches (Fig. 83) and the
nearby peat harvesting area: the land use surrounding the groundwater area.

Intensive hydrogeological studies of the Rokua groundwater system started in 2008. The stud-
ies have shown that the groundwater level and the dependent lake levels are closely related
to annual changes in precipitation and evapotranspiration. After a dry period, the ground-
water levels declined for several years, whereas high precipitation periods again gradually
raised the water levels. However, initial studies also showed a slower, longer-term decline in
the Rokua water levels. This decline could not be explained by climate conditions, as effective
precipitation (precipitation-evapotranspiration) has increased during the 30-year reference
period from 1980 to 2010.

As there are hundreds or even more than a thousand kilometers of forestry ditches and also
peat harvesting in the area, the land use was of interest to understand the reasons, i.e the
drivers, for the variation in groundwater quantity at Rokua.

=R

Figure 83. Forestry ditches at Rokua (photos by Pekka Rossi).
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The EU Groundwater Directive states that the quantitative and qualitative deterioration of
groundwater should be prevented. However, public awareness of the problems relating to
the decline in groundwater level is in many cases poor among the EU member states (Klgve
et al., 2011a and b). The same problem concerns the Rokua esker area, as public knowledge
of groundwater was limited. In Rokua, groundwater is the connecting factor between the
surface waters, i.e., the esker lakes and the streams and ditches within the peatland dis-
charge area. Accusations among various stakeholders concerning the reasons for the water
level decline during the 2000s raised increased tensions between the different stakeholder
groups in the area. To open discussions between the stakeholders on the role of different
land uses and their impacts on the Rokua water levels, up-to-date knowledge on groundwa-
ter will be distributed.

According to a study by Rossi et al. (2012) and the initial groundwater flow models, the anti-
clinal Rokua esker groundwater discharge zone conditions are dependent on land use. There-
fore, drainage (either for forestry, peat extraction or agriculture) of peatlands might be one
of the reasons for the long-term decline of the Rokua groundwater level. As the study results
were uncertain concerning how much the discharge zone conditions actually affect the esker
groundwater level, precautionary principles should be applied in the Rokua area until more
exact scientific evidence becomes available.

Study by Rossi et al. 2012 revealed that the ditches have distinct connection to the aquifer.
The groundwater can discharge into the ditches as the ditches disturb the confining peat layer
(Fig. 84). The risk for these discharges in the surrounding ditches could be estimated with a
GIS analysis by Eskelinen et al. 2015 (Fig. 85). This showed that there is a wide risk for ground-
water balance due to land use that should be taken into account. The exact dynamics were
studied in the modelling tasks (Chapter 5.3).
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Figure 85. GIS analysis of the risk for groundwater seepage to the forestry ditches in the surroundings
of Rokua (From Eskelinen et al. 2015).

5.2.3. State
Water levels of Rokua

Forestry ditches have changed the groundwater exfiltration patterns of the Rokua groundwa-
ter discharge area. How much these changes have actually affected the Rokua water levels
was modeled. Initially the water levels in the early 2010s were low (Fig. 86) and concerns
about the state of the lakes were high.

Figure 86. Lowered lake
level at Rokua (photo by
Pekka Rossi).
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Ecological state of lakes and springs

Preliminary studies of groundwater-surface water interactions in Rokua have shown that
phosphorus is leaching into the groundwater from the sandy soil, especially when the ground-
water has a long contact time with the sand (i.e., old groundwater). This can be seen in the
lakes that are situated lower in the esker surroundings having distinctly higher phosphorus
levels (Fig. 87).
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Figure 87. Water quality parameters in Rokua with lake elevation. Right hand side shows the dependence
of phosphate in the water in correlation to the lake elevation (from Ala-aho et al. 2013)

Recreational value of second homes

One of the key factors in the recreational value of Rokua is the pristine, clear-water, olig-
otrophic kettle lakes. To date, 53 second homes have been built on the shores of these lakes
and the recreational value of these houses is partially dependent on the shoreline. The water
level decline is moving the shoreline away from the houses and revealing former lakebed are-
as. This will decrease the recreational value of the lake shore as thickets start to grow and the
pristine landscape changes.

107
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Attractiveness of the Rokua area

Lakes are also one of the key factors in the attractiveness of Rokua for tourism. Lake level
decline might change the landscape and the recreational use of lakes. This again might reduce
the amount of visitors to Rokua.

The possible land use management alternatives were considered as responses. The set of
alternatives was initially developed by the expert group and discussed and revised in a stake-
holder meeting. The alternatives developed reflect the main objectives and interests, as well
as issues of conflict:

Alternative A: Business-as-usual
Forestry practices continue as usual; reopening of drainage ditches in the groundwater
area is not prohibited, but is under case-by-case consideration by the regulators.

Alternative B: Expansion of the groundwater protection area
A 3-5 km2 expansion of the Rokua groundwater protection area into the surrounding peat-
lands, where groundwater is confined under peat. Forestry is limited or forbidden in these
areas. The environmental administration’s control over the area is strengthened.

Alternative C: Active restoration (technical solutions) of peatlands
Restoration of critical groundwater exfiltration areas either by damming or filling in drain-
age ditches. The alternative focuses on adaptive management efforts to locate the most
critical areas of groundwater exfiltration instead of protecting larger land areas.

Locations for groundwater area expansion (Alternative B) and restoration targets (Alternative
C) were estimated by using the groundwater exfiltration risk prediction method developed for
Rokua by Eskelinen (2015). The method estimated the most likely locations of groundwater ex-
filtration from the slope of the esker, distance from the recharge zone, distance from springs,
baseflow of the discharge area watersheds, and peat thickness.

The impact assessment of the selected alternatives was conducted by a group of experts
after a stakeholder meeting. The hydrological, ecological, and socio-economic impacts of the
proposed alternatives during a 30-year period are presented in Table 19. The impact assess-
ment was based on the studies conducted and the preliminary results of ongoing research in
the area. As the assessment was partially based on preliminary results and the time span of
the assessment was 30 years, the uncertainty of the impact assessment was considered to be
high. For this reason, some of the impacts were studied using less precise, qualitative meas-
ures. These qualitative measures indicated whether the alternative had a negative impact
(=), no change from the current situation (0), or a positive (+) or highly positive impact (++).
For example, active restoration was assessed to have a highly positive impact on the springs
surrounding Rokua.
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Table 19. Objectives, attributes, and impact matrix of different alternatives (GWP = groundwater protec-

tion) (From Karjalainen et al. 2013).

Objective Attribute(s) Business-as- GW - Active
usual expansion restoratior
Normal level Change in average Rokua -1m =1to0m +1m
of water level in 30 years
groundwater (groundwater and lakes)
and
dependent
lakes
Good Chemical state of lakes 0 07+ +
ecologi.cal Chemical/ecological state 0 0/+ ++
status in lakes ¢ springs
and springs
; -150,000 to Oto 0
Good . Recreation valu.e change of 230,000 € ~230,000€
recreation second homes in 30 years
value of
second homes
Attractive Change in attractiveness of - 0 +
tourist resort ~ Rokua for tourists in 30
years

i i i 0 -50,000to  -500,000 to
Profitable Forestry income loss in 30 2550.000€ -2.500,000 €
forestry years
Minimal loss  Income loss in peat 0 0/- -

of peat
production

production or losses caused
by restoration of peat
harvesting area

Water levels of Rokua

For the impact assessment, the best available at that time information from hydrological
studies was used to assess how the water levels would behave in the following 30 years in
different alternatives (Table 19). If Alternative A prevails, the long-term decline in water levels
will continue and can cause a water level decline of approximately 1 m (from the average val-
ue) within 30 years. During dry periods, this would cause lower minimum water levels, which
could be more drastic than during the dry periods of the 1980s and the 2000s. In Alternative
B, the long-term decline in water levels is stopped, but water levels would not return to the
level preceding drainage. In Alternative C, water levels return to the assumed natural state, on
average 1 m higher than the current situation. This level is indicated by the kettle lake shore
region occupied by the oldest trees. This alternative can be estimated to be less uncertain
than Alternative B, as there are active procedures aimed at restoring the groundwater exfiltra-
tion patterns to a natural state.
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Ecological state of lakes and springs

As the clear oligotrophic kettle lakes are groundwater-dependent, the risk of eutrophication
increases due to water level decline. The risk also increases as older groundwater might seep
into the lakes and increase the proportional amount of incoming phosphorus. Additionally,
lake water volume decreases due to water level decline, increasing the relative amount of
phosphorus entering the lakes.

Another ecological issue is that drainage has dried up natural springs that formerly acted as
natural groundwater exfiltration locations in the peatlands surrounding Rokua. As they are dry,
a poor ecological state currently exists in these spring ecosystems. If drained areas are restored,
the springs will most probably return to a more natural state. Spring locations have not been
mapped thoroughly and therefore the question of how many springs can be restored increases
the uncertainty of this factor. The ecological status of both lake and spring ecosystems is pre-
dicted to have a positive impact as a result of implementing Alternatives B and C.

Recreational value of second homes

The link between the recreational value of second homes and lake water level was calculated
using the VIRKI model. This model was originally developed to calculate the effects of wa-

ter level variations on the value of properties on lake and river shorelines (Keto et al. 2005).
In the present case, the model was used to calculate how much the recreational value of
Rokua would decrease if the shoreline recedes from the level observed in 2008, when lakes
no longer showed significant effects due to previous dry years and water levels were close

to the estimated average of the past 30 years. In Alternative A, the water level is presumed

to decrease by approximately 1 m, and this would cause a shoreline retreat of approximate-
ly 5-6 m. This retreat would cause an annual decrease in recreational value of 94-145 € for
each of the second homes. In 30 years, this would mean a 150 000-230 000 € decrease in the
recreational value. In Alternative B the decline would presumably stop, but as the future level
variation is uncertain, the value decrease would be somewhere between 0 and 230 000 €. In
Alternative C, the water levels should return to a more natural state and would be at those of
2008 or above.

Attractiveness of the Rokua area

As the lakes are only one part of the landscape in Rokua and as tourism is not only dependent
on the lakes, the impact of lake level change can be considered to have less of an effect on
tourism than, for example, on the recreational value of second homes.

Economic impacts on forestry income

The impacts of the restoration of drained peatland areas on the forest economy were studied

by using exfiltration risk analysis (Eskelinen 2015). Watersheds in high exfiltration risk areas
were defined as areas where active restoration procedures in Alternative C would be imple-
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mented. In these areas, restoration can be presumed to wet the forest and affect tree growth.
As the growth potential of the forest would then be drastically reduced, the income of the for-
est owner would decrease. Using different input data (different combination sets of available
data) in risk scenario maps, the value of income losses in 30 years was calculated to vary from
500 000 to 2 500 000 € (Eskelinen 2015). The change in land value was not taken into account.
In Alternative B, where the groundwater protection area is expanded, determining forestry
income loss was more problematic. As the expansion would restrict forestry management
practices in some of the areas where the groundwater area is expanded, some new areas
might become wet. As this is less certain, it was estimated that Alternative B would result in
only 10% of the effect on forestry from Alternative C.

Income loss of peat production

Peat production by harvesting in the vicinity of Rokua (Fig. 81, the peat harvesting area west
of the esker) was scheduled to end in following years. Furthermore, the hydrological studies
showed that approximately 1% of groundwater discharging from Rokua was flowing from

the peat harvesting area. This demonstrated the minimal effect of the harvesting area on the
whole Rokua esker hydrology. Therefore, different scenarios were presumed to have only a
small effect on peat harvesting. In Alternative B, peat harvesting may end earlier, in the event
of the groundwater area expanding to the peat harvesting site. In Alternative C, a new method
is planned for the restoration of the peat harvesting area to prevent groundwater exfiltration
to the harvesting site. This again might be more expensive than current methods and reduce
the income from peat production.
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The impacts of the alternative response options A-C were discussed with local stakeholders
during the multicriteria analysis process (Karjalainen et al 2013). There was a wide consensus
that the ecology and the state of the lakes is important, and that tourism is a crucial part of
the local economy. Also, forestry was seen as important for the local economy, but in this the
opinions were divided. Based on the results, the C-option as a response was valued highest
(Fig. 88).
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Figure 88. How different interviewed stakeholders value the different alternatives A-C based on their

impacts on attributes (e.g., water level, forestry, attractiveness). The higher the overall value, the more
valued the alternative (from Karjalainen et al. 2013).

The response in alternative C would mean active restoration with heavy procedures in the
ditched peatlands surrounding the Rokua esker. At this point, there were still uncertainties
whether this kind of large-scale procedures would be effective, as preliminarily assessed by
the experts. Therefore, groundwater modeling results were awaited before discussions on the
response were continued. In general, the discussions, meetings and interviews were seen as
beneficial by the locals as they learned how the different land use and management options
are interlinked to make the most beneficial decisions for the local communities.

Figure 89 represents the overall DPSIR scheme for the Rokua case. More detailed conclusions
and recommendations for all sites are presented in chapter 7.
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Drivers Responses

* Land Use * Forestry ditch restoration
* Second homes * Land use management

* Climate dry periods
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Figure 89. DPSIR framework for the Rokua case. (* refers to potential pressure, + refers to good state, -
refers to need for improvement)

As there was uncertainty regarding how the aquifer system in general functions and how
the different management options for the forestry ditches would work, a groundwater flow
model was utilized. A MODFLOW groundwater model was built to test different scenarios for
management. As a basis of the groundwater model, the Rokua research included detailed
geological mapping with geophysical methods and boreholes (Fig. 90). Geophysical methods
included i) ground penetrating radar, where electric impulse is released to the ground and
the returning impulse is analyzed, and ii) seismic refraction, where seismic wave is released
to the ground and wave reflections back to the surface are analyzed. The model was calibrat-
ed against an extensive hydrological campaign where groundwater levels and streamflows
were monitored continuously with loggers or manually several times a year (Fig. 91).
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Figure 90. The geological structure studies through geophysical measurement and borehole surveys used
as the basis for the groundwater model. Partially penetrating boreholes reach depths of 20-30 m below
the ground surface (from Rossi et al. 2014).
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Figure 91. Average groundwater levels in Rokua esker area, water level measurement points, discharge
subcatchments surrounding Rokua and discharge measurement points. Non-measurement groundwater
points | and Il were used for water-level analysis in modeling (From Rossi et al. 2014).
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The conceptual model is an important part of the process of model building and deciding
what to monitor in environmental management. Conceptualization defines i) how the natural
surroundings can be defined as a numerical system with certain limits, and ii) what the ex-
pected main processes driving the system are. This requires an understanding of both geolog-
ical structures and hydrological processes driving the groundwater flow. In the SUPER-project,
simplified conceptualizations were also made for the Kizhi and Vodlozero cases in application
to waste sites. These conceptualizations can help to spot the main places for monitoring that
could later be used i) in management, and if needed ii) as a starting point for hydrogeological
modeling studies.

For the Rokua case, conceptualization was needed on several levels. One level was concerned
with how the ditch-aquifer interaction in the peatland can be defined in the model. To this
end, the groundwater-ditch concept was defined based on Figure 92, where water flows
through peat to ditches and peat/ditch parameters define the flow dynamics.
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Figure 92. Groundwater flow discharge from the Rokua esker to surrounding peatlands (A), and peatland
drain boundary condition concept in the MODFLOW model cell (B) (From Rossi et al 2014).
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The second level of conceptualization was about defining the geological system in the model.
For this, several options were considered (Fig. 93), but after initial model runs, a simplified
peatland/aquifer model was chosen. In the modeling process itself, the hydraulic conductivity
for both was calibrated spatially (see details in Rossi et al. 2014).
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Figure 93. Initial conceptualizations of the geology of Rokua.

The third conceptualization level was the model build-up and different scenario estimations
for land-use and climate change. The model area was limited to natural boundaries such as
rivers, lakes and shallow soils (Fig. 94). The model was divided into groundwater recharge area
(the esker) and discharge area, where peatlands were situated. The peatland drainage system
covers almost all the peatlands surrounding the Rokua esker so the first conceptualization
(the ditch-aquifer interaction) was implemented for the whole peatland area.

To demonstrate the impact of different land use or climate condition scenarios on the status
of groundwater in the esker aquifer, different scenarios were run in the model. The uncertain-
ty of the results was taken into account by running the model with the Null Space Monte Carlo
approach, where different parameter combinations (870 per scenario) were used. The effects
of the scenarios on esker water levels were studied for groundwater points | and Il (Fig. 94), as
these points represent the average groundwater state in the esker area.
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Figure 94. Rokua groundwater model condition conceptualization and land use scenario conditions.
Constant water level in the model surroundings were defined for the River Oulujoki with two dams, Lake
Ahmasjarvi and Lake Oulujarvi. Lakes with outflow were defined as general heads (constant). Groundwa-
ter points | and Il were used for water level follow-up in the scenarios (From Rossi et al. 2014).

Drained peatland restoration

Drainage blocking is a common method for restoring the hydrological and ecological condi-
tions of a peatland. Drained peatland restoration has been considered as a potential method
to maintain the aquifer water levels at a higher elevation. Here, the effect of such restoration
was modeled by: 1) raising drain water levels with dams; and 2) filling the ditches. Both of
these methods have been used for peatland restoration. Drains were assumed to reduce the
confining effect of the peat layer, thereby enabling more exfiltration from the aquifer to the
drainage ditches. Restoration of the drained area, e.g., through filling in the ditches, reduces
the hydraulic connection between the aquifer and drainage ditches. Thus, the elevation of the
groundwater exfiltration point (elevation of the ditch) in the restored peatland also rises. Six
different restoration scenarios were tested (see areas in Figure 94):
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* Restoration 1A: Restoration is carried out within the current groundwater protection area.
A 0.5 meter rise in drain elevation (as the ditches are dammed) was imposed on the model.

* Restoration 2A: As in scenario 1A, except that drain restoration decreases drain conductance
(parameter in peatland-aquifer concept) by a factor of 2 as the drains are filled in (i.e., drain
conductance was multiplied by a factor of 0.5) within the restoration area.

* Restoration 3A: As in scenario 1A, except that drain restoration decreases drain conductance
by a factor of 10 (i.e., drain conductance was multiplied by a factor of 0.1) within the restora-
tion area. This value is considered to represent a more natural state of the peatlands.

* Restoration 1B: Restoration is carried out in a groundwater protection area expanded at the
western edge of the esker, where a sensitivity analysis suggests that changes in drainage
conditions will affect aquifer water levels (Fig. 94). Drain elevations were raised by 0.5 m in
this area.

* Restoration 2B: As in scenario 1B, except that drain restoration decreases drain conductance
by a factor of 2 (i.e., drain conductance was multiplied by a factor of 0.5) in the expanded area.

* Restoration 3B: As in scenario 1B, except that drain restoration decreases drain conductance
by a factor of 10 (i.e., drain conductance was multiplied by a factor of 0.1) in the expanded
area.

Small-scale restoration through blocking a single ditch within the Rokua discharge area was
tested by Kupiainen (2010) (Fig. 95), and a groundwater discharge decrease and groundwater
potentiometric level rise adjacent to the restoration area showed a local potential for restora-
tion. That study represented a situation where drain elevation was raised with a dam as in the
Restoration 1A scenario. As no local data were available on the effects of filling in the ditches,
the factors 0.5 and 0.1 were used as representative end results of the restoration.

Figure 95. Example of
ditch damming from
a pilot site (Photo by

Virve Kupiainen).
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Groundwater abstraction

Oulu, the main city in Northern Finland (population 190 000), is situated 70 km from the
Rokua esker. There are no current or future plans to extract groundwater for use in Oulu
from the vicinity of Rokua, but this scenario was nevertheless tested using the model devel-
oped in this study as a further demonstration of its use as a management tool, and to have a
comparison point for the effects of peatland drains on aquifer storage. The city currently uses
27 000 m3 of water per day, which is 25% of the daily recharge of the Rokua aquifer (average
over 2000-2010). In the abstraction scenario, this amount was assumed to be pumped from
10 abstraction wells around Rokua (Fig. 94). Abstraction scenario was also combined with the
Restoration 3A scenario in order to investigate whether the effects of abstraction on water
levels could be reduced with concomitant drain restoration.

Past and future dry climate seasons

The driest 10-year period within the available local climate data (1960-2010) was during 1970-
1980. The average recharge for this 10-year period was used to examine how the model re-
sponded to periods of lower than average recharge compared to climate conditions used for
calibration (2000-2010). This dry period scenario was also combined with the Restoration 3A
and 3B scenarios. Future recharge was estimated with the same simulation approach as the
historical recharge, using the downscaled projected climate change scenario data for years
2010-2100. As for the historical dry period, a 10-year moving average was calculated from the
simulated recharge for each of the four climate change scenarios to obtain a recharge esti-
mate for drier than average period for years 2050-2100.

Drained peatland restoration

The simulation results indicate that restoration of drained peatland areas with drain block-
ing could raise esker aquifer water levels (Fig. 96). For the scenario 1A, where drains are only
blocked by dams, and 2A, where drains are filled in, the rise of the groundwater level is less
than one meter. The different model runs show small variation between the results. For sce-
nario 3A, representing the situation where filling the drain would restore the peatland to more
natural hydraulic conditions, the water level rise could be above one meter. The combination
of parameter variability and sensitivity resulted in a spread of the simulation results.

Scenarios including restoration of areas outside the current groundwater protection zone
(scenarios 1B, 2B and 3B) did not change the groundwater level dramatically. Based on the
results, the restoration would have more impact within the current groundwater protection
zone rather than on outside areas.



m DPSIR Framework

POINT |
Abstraction
Restoration scenarios scenanos Dry scaenarios
4 4 4
_ 3 3 3
E
"y 2 2 2
s 1 I 1 1
‘g o —_— T
=0 0 0 |
: -
o 14 =14 i -1
: = :1: $
E ) -2 -2 $
-3 -3 -3
-4 -4 -4
1A 2o  3A 1B 28 3B Abstr.  Abstr. Dy  Dry  Dry 2050-2100
+3A +3A +3B
POINT Il
Abstraction
Restoration scenarios SCENanos Dry scenarios
4 4 4-
3 . [ 3 3
E r .
= 2. —n 2 2
B = 1
Y ] —t= : 1 |
5 ol=— o o |
§ -2 -2 %I 2]
-3 -3 -3
: 1 e
1A 2A 3A 1B 28 3B Abstr. Abstr. Dy Dy  Dry 2050-2100
+3A +38  +38

Figure 96. Comparative box plots of the water level changes at points | and Il in the drained peatland res-
toration, groundwater abstraction, and climate scenarios. Scenario outcomes were calculated with the
870 parameter sets. Predictions are shown as a change (in meters) from the 2000-2010 water levels. The
box plots represent the median, 50% box, and 1-99% whiskers of the parameter ensemble.

Groundwater abstraction

Hypothetical water abstraction from Rokua (27 000 m3 d-1 to a city of 190 000 inhabitants)
would lower the water levels by 1 to 2 meters, according to the median values of the scenario
model runs (Fig. 96, abstraction scenarios), but drainage restoration would reduce the fall of
water levels (Abstr. +3A). Based on this result, the abstraction would have larger impact on
water levels at present conditions compared to the situation where the peatlands in the dis-
charge zone would be in a more natural state.
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Past and future dry climate seasons

Based on the groundwater model scenario runs, the water level variations and periodical de-
clines in the Rokua aquifer are highly dependent on climate conditions. Conditions resembling
those of a dry period in 1970-1980 resulted in water levels of 2 to 3 meters lower from the
2000-2010 conditions (Fig. 96, dry scenarios). The combination of dry conditions and the drain
restoration 3A or 3B scenarios resulted in higher water levels. Scenario runs for the estimat-
ed future dry period indicated that future dry periods would be less dramatic than in former
decades due to an overall increase in precipitation and thereby recharge. Re-occurring dry
periods are important to consider if the combined effect of land-use and climate on minimum
water levels is of management interest.

Actions based on modeling

From a management point of view, the main outcome of the modeling concept in the study
is the possibility to compare the effects of peatland drainage, and restoration with those of
climate (historical and future) or water abstraction. This is important information in order
to answer the main management question of whether there is a critical need for expensive
drained peatland restorations.

Based on the models and considering the uncertainty analyses, peatland drainage does play
arole in the hydrology of the studied esker aquifer, and drainage restoration might affect
the aquifer water levels, but the groundwater level seems to be more dependent on climate
conditions. In the studied northern aquifer area, the future climate conditions might be more
suitable for groundwater recharge. This might mask the impacts of drainage on groundwater
levels in the long run.



Photo by J.Kaipainen

Koli and Petkeljarvi national parks are situated within North Karelia Biosphere Reserve in the
North Karelia (NK) province. This province is Finland’'s easternmost region, covering an area of
about 21,585 square kilometres with a population of approximately 163,000. NK also shares
around 300 km stretch of frontier with Russia. There are 13 municipalities within NK, five of
which are towns (Regional Council of North Karelia 2019). With 84 percent forest cover, the
region’s economy is strongly dependent on its nature and forests; wood, tourism, metal, stone
and food are some of the region’s leading industries. NK is also home to over 2000 lakes: one
of those, Lake Pielinen, being the fourth largest in Finland.

North Karelia Biosphere Reserve was established in 1992 as part of the UNESCO Man and
Biosphere Programme. The Biosphere Reserve (BR) territory is approximately 7900 km2 and
consists of core areas, buffer zone, and transition area. This BR includes municipalities of
Lieksa, llomantsi and Joensuu (Tuupovaara district). The BR core areas are the protected areas
Koli, Patvinsuo and Petkeljarvi National Parks, the Koivunsuo Strict Nature Reserve, as well as
Kesonsuo and Ruunaa Nature Reserves (see Figure 97). Even though it includes conservation
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and protected areas, the reserve is not limited to them. The area of the biosphere reserve that
is not protected is called the area of cooperation; it maintains a human population and eco-
nomic activities. The overall population living within the biosphere reserve is approx. 21 000
people. This number excludes those who do not live permanently in the biosphere reserve
(e.g. second-home owners).

/

Figure 97. North Karelia Biosphere Reserve outline (in green), and key tourism targets (a. Koli National
Park, b. Patvinsuo National Park, c. Ruunaa hiking area, d. Petkeljarvi National Park).

Tourism is the main activity within the Biosphere Reserve’s protected areas (i.e. national parks
and hiking area). North Karelia province attracts approximately 340,000 visits annually. In
2019, the province recorded 279,949 arrivals. In comparing the total visitor arrivals and total
visits to just one target within the Biosphere Reserve (Koli National Park) for the year 2019
(201 800), it is evident that at least 72 percent of visitors arriving to North Karelia province also
visit the Biosphere Reserve during their stay (Naumanen 2020). The visitor activities take place
mainly across natural environments of Koli, Petkeljarvi and Patvinsuo National Parks, and
Ruunaa Hiking Area of the Biosphere Reserve. In addition, public access rights give freedom
to visitors to also enjoy the Biosphere Reserve environments outside the National Park and
Hiking Area. Current tourism plan includes increasing visitor numbers to the region until 2050
(Naumanen 2020).

On the other hand, being a protected area, the biosphere reserve has unique characteristics,
the major one being the sensitivity of its ecosystems to human and climate-change driven
pressures (Schaller 2014). The Biosphere Reserve’s growing popularity and the current strat-
egy to increase visitor numbers (e.g. tenfold by 2050 for Koli) make it necessary to assess
the current and the potential pressures and impacts of tourism (in particular municipal solid
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waste) under the scenario of a continued upward trend in visitor numbers to the BR's two
most visited national parks (i.e. Koli and Petkeljarvi).

The pressures and impacts analysis focuses both on environments inside protected areas,
and on surrounding areas outside these parks but within the biosphere reserve. This is be-
cause (a) visitor activities also take place outside the parks due to public access rights, and (b)
other users' actions (e.g. the communities living or using environments close to the national
parks and the hiking area) can also generate waste impacts and pressures that can through
natural elements like rain, move into the protected areas. Everyman's Right, also termed "The
public access rights", allows anyone living in or visiting North Karelia the freedom to roam the
countryside, forage, fish with a line and rod, and enjoy the recreational use of natural areas
(Visit Finland 2019). This applies to everyone, including domestic and international visitors.
The research concentrates on the BR's two most visited national parks (Koli and Petkeljarvi) as
key examples, because tourist traffic is known to positively correlate with the waste genera-
tion issue (Fig. 98)

The analysis addresses the following: (a) investigates potential drivers for solid waste in Koli
and Petkeljarvi National Parks (NPs) and surrounding environments, (b) discusses possible im-
pacts of the drivers on the regional tourism image to clarify existing problems and challenges
(pressures), (c) examines the current state (incl. impacts) of the environments of the Koli and
Petkeljarvi NPs and surrounding areas within the North Karelia Biosphere Reserve, after which
it investigates the already available actions (responses) for overcoming pressures and enhanc-
ing sustainable actions within the national parks studied and their surrounding areas. Lastly,
conclusions and recommendation are given.

Visitor numbers to National Parks

250 000

200 000

150 000

100 000

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

e [ 0|i == Petkeljdrvi

Figure 98. National Parks' visitor numbers in 2008-2018 (Synthesis of Metsahallitus national parks visitor
studies in 2008-2018.)
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Koli National Park is located about 70 kilometers north of Joensuu, the capital of the province.
The park can be reached by car or by taxi. Other public transport connections to Koli are how-
ever problematic. In winter, the ice road over Lake Pielinen to Vuonislahti forms a connection
to Lieksa, and in summer, the Suvi Express hydrofoil transports tourists across Pielinen. Car
ferry traffic in Pielinen also re-started operating in the summer of 2019.

The park's 80-kilometer-long marked trail network offers excellent hiking opportunities.
Trails suitable for day trips can be found largely in the vicinity of the park. Overnight hikers of-
ten head to the southern end of the park, winding a 30-60-kilometer trail in the rugged terrain
surrounding Lake Herajarvi. About 6,600 hikers opt for the route every year. The western part

of the Herajarvi trail extends outside the national park and by-passes the city of Joensuu and
municipality of Kontiolahti. The park's trail network connects north to the UKK national hiking
trail, which continues south through the Kolinpolku trail to Joensuu. Koli NP ski trails are part
of Koli's extensive trail network and the park's special features include the skiing slopes within
the park. Wellness, sightseeing, hiking, skiing, and sports are among other outdoor nature
activities, important motives that attract visitors to the destination (Naumanen 2020).

The favourite place for the visitors in the Koli NP is the summit of Ukko-Koli Hill, which is the
main site for all landscape admiration activities in the area (Tahvanainen et al. 2009). This
scenic point is the highest summit in South Finland, rising 347 meters above sea level and
253 meters above Lake Pielinen (the fourth largest lake in Finland). Since its designation in
1991, visitor numbers to the national park have increased notably, and the visitor impacts are
becoming more visible mainly during the peak summer months. In 2019, 201 000 visits were
made to the Koli NP (Naumanen 2020).

Statistical analysis shows that the tourist traffic is positively correlated with the waste gen-
eration issue, with a sharp increase in the volume and diversity of the solid waste observed
during the peak tourist seasons (Chettri 2019). Koli NP is mentioned as one of the most eco-
nomically significant NPs in the whole country. However, when compared with the rest of the
similar classified NPs, it is the smallest in terms of surface area, and hence susceptible to vis-
itor pressures (see Table 20). The plan towards 2050 is to increase tenfold the visitor amount
from current numbers (Naumanen 2020).
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Table 20. Visitor numbers for the national parks with the highest visitor numbers in 2008-2019 (Synthesis
of Metsahallitus National Parks visitor studies in 2008-2019)

No. of visitors Pallas-Yllas Urho Kekkonen Oulanka
(annually) (1020km2) (2 550 km?) (270 km?)

2008 330000 250000 110 000
2009 419 000 289000 165 500 127 500
2010 436 000 287 500 169 000 138 500
2011 435 500 277 000 171 500 134 500
2012 473 000 300400 162 400 125 600
2013 488 400 292 600 174 600 140 600
2014 514 800 288 600 179 600 135 200
2015 525600 291700 201 200 167 300
2016 538 800 295000 200 600 181100
2017 553000 334700 199 000 203 400
2018 549 200 340500 199 500 190 900
2019 561 200 367000 189 300 201 800

6.1.2. Petkeljarvi National Park

Petkeljarvi National Park is situated close to the Finnish-Russian border. It features bodies
of water and wild ridge scenes. The wild nature of the area is highlighted by the animals that
thrive in the park, such as beavers, ravens, and the black-throated diver (the emblem bird of
the park). The park’s forests have remained untouched by the forest industry, with 150-year-
old thick-barked pines as the oldest trees in the park. Species that need dry and warm con-
ditions thrive in the NP. Fen meadows are preserved as a traditional landscape. Soil cover
deterioration on ridges in the national park can prove to be a problem; the flora of the dry
heath soil is easily damaged when stepped on.

Petkeljarvi Outdoor Centre is located in the middle of the Petkeljarvi NP. It provides visitor
information, accommodation, food, sauna, and coffee. There are two circular trails in the
national park; the 6.5-kilometer Kuikan Kierros trail leads through varying landscapes up and
down ridges, with boardwalks through mires. The ridge formations can be explored by taking
the 3.5 km Harjupolku trail. The oldest hiking route in North Karelia, the 31-km-long Taitajan
Taival trail, also starts from Lake Petkeljarvi and ends at Mekrijarvi Village (Naumanen 2020).

Apart from hiking, one can also paddle and row in the national park. It is possible to paddle all
the way from Petkeljarvi to Lake Koitere and Patvinsuo NP along River Koitajoki, a 200 km long
river that meanders back and forth across the borders of Finland and Russia. In 2019, a total
of 19,400 visits were made to the Petkeljarvi NP (Naumanen 2020).
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Tourism has been the major focus in a few waste generation rate focused studies (Estay-Os-
sandon and Mena-Nieto 2018, Mateu-Sbert et al. 2013) and it has been identified as a major
factor in other studies (Beigl et al. 2008, Johnson et al. 2017, Oribe-Garcia et al. 2015). Depend-
ing on the location, tourism has different effects. Mateu-Sbert et al. (2013) reported that on
average a 1% increase in tourist population, causes an overall Municipal Solid Waste (MSW)
increase of 0.282%. Estay-Ossandon and Mena-Nieto (2018) report that each additional tourist
causes an increase of 1.781 kg/day in the total MSW generation. In some studies, the effect of
tourism has been found marginal or secondary to other factors (Lebersorger and Beigl 2011).

In Finland, National Waste Act came into force in 1994. Before that, there was no such prob-
lem on the agenda, although some types of waste were somewhat recycled: metal since 1924,
paper since 1943, glass since 1978, plastic, cardboard and food waste since 1992, cans and
beverage bottles since 1996 (Semnasem 2019). After Finland's accession to the European Un-
ion (EU) and the emergence of pan-European legislation, the country lives mainly according to
EU rules (Semnasem 2019).

The EU has set waste prevention objectives that oblige member states to deal with the prob-
lem. Monitoring MSW generation in member states is a requirement aiming at better knowl-
edge about waste sources, waste quantities, waste generation trends, influencing factors and
their impacts (Heilala 2018). At the European level, the term “MSW" is often applied parallel
to the basic “Municipal Waste” (EC 2017; EEA 2013). The Finnish Waste Act (646/2011) is more
comprehensive in that it classifies MSW as waste generated by households, holiday accom-
modation, or other housing, as well as the same type of waste generated by administrative,
service, and business operations (Sahimaa 2017). In referring to MSW, it must be noted that
municipal sewage sludge is not within the scope of this study.

In North Karelia Biosphere Reserve (NKBR) region, the law that applies to waste management
is the Waste Act (Finlex, 646/2011, Section 5). According to the Waste Act, waste refers to a
substance or object that has been removed, is intended to be disposed of, or is required to be
disposed of by the holder (Finlex 2011, Waste Act (Finlex, 646/2011, Section 5). It also clarifies
that a substance or object is not waste but a by-product, if it is generated in a production pro-
cess whose primary purpose is not to produce this substance or object (Waste Act 646/2011,
Section 5). The monitoring of the status of protected areas (e.g national parks) is the responsi-
bility of Metsahallitus' nature services. Environments outside the Biosphere Reserve are regu-
lated under defined waste management responsibilities for land and homeowners (residents),
second-home owners (e.g. cottages; not used full-time), and for other users (e.g. companies,
and visitors exercising public access rights).

Driving forces for solid waste in NPs and surrounding areas

Drivers (or driving forces) are natural or human induced factors that cause or can lead to chang-
es in natural environments (Burkhard & Muller 2007). Direct drivers (e.g. human demand for
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Figure 99. Land-use classes in North Karelia Biosphere Reserve (Wolff et al 2019).
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goods and services, good health and social relations, and freedom) have an explicit influence
on the environment, while indirect drivers (such as the demographical development, economic
and social conditions, the state of the environment, or political situations) act by changing the
conditions of one (or more) direct drivers of the system (Burkhard & Muller 2007).

Across the Biosphere Reserve, tourism (e.g. infrastructure developments) and other sectors
using same environments for their activities (e.g. forestry, mining, peat production, fig. 99)
are drivers for waste (Wolff et al 2019). Residents and second-home owners also use the
environments hence are drivers. Tourism service providers (including from outside the region
that bring visitors to the Biosphere Reserve), and visitors (due to public access rights) are no
exceptions.

Currently, waste management in both Koli and Petkeljarvi NPs includes sorting of different
types of waste. However, there are no waste collection bins in the parking areas, along the
routes, or at the campfire sites. Visitors are advised pre-travel (via nationalparks.fi website)
and upon arrival (via info boards) about responsible hiking principles. Biodegradable waste
can be composted in dry toilets and safely combustible (not dangerous waste) can be burnt at
the campfires. There are instructions why to take own waste from the hike, where to dispose
biowaste and where to bring waste for sorting. The sorted waste is transported, and further
processing done at regional designated waste collection and management point. The regional
waste management companies are strictly regulated and report to designated local authority
about received waste types, amounts and process of handling waste received till landfill (last
option).

The waste points both in Koli and Petkeljarvi are strategically located in the main entry and
departure points to encourage and maximize waste sorting. For example, the favourite place
for the visitors in Koli is the peak of Ukko-Koli Hill, which is the main site of all landscape ad-
miration activities in the area. The visitor centre and waste point are located not far from this
scenic point (figure 100).

Outside both national parks but within the Biosphere Reserve, identifying drivers of waste can
prove problematic due to the rights of access, and overlapping waste management responsi-
bilities hence a pressure. Companies, residents, and second-home owners have regulations
for waste management.

However, for lands outside protected areas but within the Biosphere Reserve (some privately
owned), it is challenging to classify waste types and sources e.g. littering and illegal dumping,
as the public access rights allow access to anyone living in or visiting North Karelia the free-
dom to roam the countryside, forage, fish with a line and rod, and enjoy the recreational use
of natural areas irrespective of who owns the land. This applies to everyone including domes-
tic and international national park visitors, and companies from outside the province that
bring visitors to the biosphere reserve. Even though hiking trails extends outside the national
parks, Metsahallitus managed areas are limited to specific areas which makes overlooking
waste sources in areas outside their designation a challenge.
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Driving forces lead to human activities such as tourism or food production, i.e. result of meeting
a need. These human activities can in turn exert pressures (in this case waste) on the environ-
ment, as a result of the production or consumption processes, which can be divided into three
main types: (i) excessive use of environmental resources, (ii) changes in land use, and (iii)
emissions (of chemicals, waste, radiation, noise) to air, water and soil (Kristensen 2014).

Overlapping land-use values by visitors and residents

North Karelia (NK) has over 2000 lakes, about two hundred streams, and a multitude of small
waters, ponds, creeks and niches, springs and seeps influenced by ground water (CEDTENK
2014, p.18.) This is particularly apparent in the western part of the province, where the large
lakes, as part of Lake-Finland, are marked as important landscapes also for tourism sector.
The waterbodies are key assets for nature tourism and are marketed as significant strengths
of NK as a nature tourism destination. For example, Lake Pielinen is a key waterway for activ-
ities and aesthetic qualities of landscapes across Koli National Park. Their state is therefore
important for the aesthetic quality of the landscapes, and in fulfilling the promises marketed
to visitors. The lower the human impact on water bodies, the better their ecological state
(CEDTENK 2014, p.18).

From Figure 101, it is evident that the mapped values by both visitors and residents are con-
centrated within national parks, along hiking routes and on waterbodies. In considering the
linearity of residents' and visitors uses and values for similar environments (Fig. 101), under
the scenario of continued growth in visitor numbers to the area, waste generation inside the
national parks and surrounding areas is a potential pressure to maintenance of landscapes
and water quality across the key value areas.

Waste impacts on water quality across environments key for tourism

Pielinen's water quality deterioration is currently stated as impacted mainly by regional power
plant, agriculture and residents (Ymparisto 2019., CEDTENK 2017). However, in assuming that
(a) the values of visitors and local residents to waterbodies stay the same under scenario

of continued growth of visitor numbers to Koli and Petkeljarvi NPs, and that (b) on average
1% increase in tourist population, causes an overall Municipal Solid Waste (MSW) increase

of 0.282%, the actions of visitors, second home owners and local communities close to Lake
Pielinen are potential pressures to the water ecosystems both inside the Koli National Park
and surrounding areas. In regard to Petkeljarvi NP, potential pressures are direct impacts to
lake Nuorajarvi and Petkeljarvi by visitors in the region, and potential external impacts on
Koitajoki River that merges to Lake Nuorajarvi (the river is a cross-border river that flows be-
tween borders of Finland and Russia).
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Biosphere Reserve Nature and Culture Values
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Figure 101. Local vs Visitor land-use values (source: SHAPE NPA/Freshabit life IP ArcGIS map data on
land-uses).
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Infrastructural and economic developments

Increase in visitor numbers can present the need to update more often the existing infra-
structure inside national parks and surrounding areas, or concurrently the need for additional
infrastructure or expansions to support increasing numbers of visitors (SHAPE NPA 2019).
These tourism industry developments and constructions can inflict environmental harms such
as waste pollution, and changes in water systems which concurrently affect the very features
that draw the visitors to the region (Borg, Kivi, Partti 2002, p. 45).

SHAPE NPA project research on visitor land-uses and values show that increase in visitor
numbers has also presented the need for development of the area to support the growing de-
mand. In the same study, it is evident that three most important values and considerations of
tourist groups were (1) destination with scenic beautiful landscapes, (b) unspoilt nature, and
(c) overall cleanliness of the destination (SHAPE NPA 2019). Currently, Koli NP attracts approx-
imately 200,000 annual visitors in national park’s area of 30km2, and local economic impact
of approximately 22M euros. The hope is that by 2050, the area would attract ten times more
visitors, meaning 2 million visitors a year (Naumanen 2020). However, in the plan, there is no
mention of any changes to size of the Park which currently stands at 30km2.

Constructions and expansions such as tourism infrastructural developments can exert waste
pressures on the environments inside National Parks and surrounding areas (Borg, Kivi, Partti
2002, p. 45). Furthermore, if the development of infrastructure is not well thought, problems
such as loss of landscape and natural habitats are also possible impacts to be seen (Borg,
Kivi, Partti 2002, p. 49.). Therefore, creating a balance between economy (i.e. infrastructural
and economic developments within and across environments of Koli and Petkeljarvi NPs) and
environmental protection is a potential pressure.

Funding

The financial need for upkeep of most important sites increases with increase in visitor num-
bers. In addition, active marketing of objects requires that the promises are kept once visitors
are at the destinations (in this case in Petkeljarvi and Koli NPs). Deteriorating service equip-
ment is thereby a big brand risk for national nature services and a threat to the development
of nature tourism (Metsahallitus 2019a). On the other hand, the state of funding dictates

the actions that can be undertaken within the National Parks and surrounding areas. Parks
and Wildlife Finland is a part of the state-owned organization Metsahallitus who are tasked
with governance of National Parks Finland and Wildlife Service Finland (Metsahallitus 2019b).
The services of Parks and Wildlife Finland are largely financed from the national government
budget, with part of the funding from works with various partners on projects where the pub-
lic funding is used to leverage wider funding and benefits (Metsahallitus 2019b). Therefore,
the reliability of state of funds and amount of funding is a pressure also for waste manage-
ment (i.e., ability to employ enough personnel) across the National Parks and surrounding
areas (Metsahallitus 2019a).
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Climate Change

During the forthcoming decades, the climate in North Karelia Biosphere Reserve (NKBR) is
projected to change considerably due to increasing greenhouse gas concentrations (Raisanen
& Ylhaisi 2015). Climate models unanimously project mean temperature and annual precipita-
tion to increase (Lehtonen 2017. p.9). Moreover, Climate Change (CC) is stated to have already
increased the water temperature of rivers and lakes, and the trend projected to continue.
Depending on the climate model and scenario used, the predictions for Finland indicate an
increase in precipitation of 5-40% and air temperature increase of 2-7 degrees Celsius by the
2080s (Jylha et. al 2010. p.26).

Under situation of warmer climate scenario, conflicts between maximizing service production
and meeting environmental quality objectives e.g., waste management, could be a challenge
in NKBR (Silvennoinen, Hokkanen 2018). This is because intensified large-scale disturbances
like forest fires, wind thaws/storms and pest outbreaks predicated to occur (Lindner et al
2009). This may lead to changes in runoff as well as in percolation and water quality from the
projected intensified erosion and increase in suspended loads (Lindner et al 2009). Likewise,
the water quality of lakes and rivers will deteriorate as a result of intensified decomposition of
litter and humus caused by extensive canopy openings following disturbances and increased
temperatures that lead to leaching of nitrate (Jandl et al. 2008).

Therefore, under the scenario that increase in visitor numbers increases waste generation, CC
may impose pressure to waste management methods (e.g., policies) both in the National Park
and surrounding areas. Amounts of mixed waste from households (including lack of detailed
data on waste sources) is a pressure as these can be difficult waste that then end up in land-
fill. Most or all the organic waste in landfills decays anaerobically, and most of the carbon

is gradually released to the atmosphere, with about half of it as carbon dioxide and half as
methane (Ackerman 2000). The latter is the problem: the same amount of carbon has a global
warming potential 21 times greater if it is released as methane rather than carbon dioxide.

lllegal dumps are also a potential pressure for NPs and surrounding areas when considering
CC projections, because impacts in surrounding areas of the park can concurrently move
inside national parks (e.g., by wind, rain, etc.). However, this will depend on how the current
Biosphere Reserve Tourism Strategy (Naumanen 2020) will be executed (e.g., infrastructure
and awareness to support responsible waste disposal).

As a result of pressures, the ‘state’ of the environment is affected; that is, the quality of the
various environmental features (air, water, soil, etc.) in relation to the functions that they ful-
fil. The state of the environment is thus the combination of the physical, chemical and biologi-
cal conditions. (Kristensen 2004).
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Nature inside National Park areas

One of the most significant threats in protected areas is inappropriate waste management,
which relates to the practice of landfilling or combustion of waste. Koli and Petkeljarvi NPs lie
within the European Union, and were thereby established in accordance with the provisions
of Council Directive 79/409/EEC of 2 April 1979 on the conservation of wild birds (L 103 EC
25.04.1979, as amended) and Council Directive 92/43 / EEC of 21 May 1992 on the protection
of wild fauna and flora (L 206 of 22.07.1992). The national parks constitute a form of nature
protection created to maintain biodiversity, resources, creatures and elements of inanimate
nature and landscape (Przydatek 2019).

Waste management inside Koli and Petkeljarvi NPs actions are guided by both Waste Act
(1072/1993) and Waste Act (646/2011), while activities taking place in the surrounding environ-
ments are guided by Waste Act (646/2011) (Finlex 1993). These provisions cover among other,
the (a) organization of waste sorting and collection inside National Parks and areas designated
to Metsahallitus (the park management authority) (fig. 102), and (b) duty to clean littered area
under their designation.

1
by (9 I Patkeljdrvi
s il Hn. A, 1
\ \ i
\ \ fAE
. b2 Owaviniemi R
Vutalamps "'. e w,
\ » " . %
{ I Puistonvartijan maja }
I I
b
,  Alvarempi ! - Rahihy BEIEE b
~ N,
b I % ", ]
“-“‘_ 1|I % S ﬁ /;
-+ 1 \ i
| = 1\ % LY i
i B L ’ Plani
% = "‘:-'.-W T 1".. ] Kelkkalampd]
s, { at e o Keltasiima !
\ T e, -
Y o b DAk {
# S Eriaging 1] "-\ ".
“ P | L]
“n b Soulwaare e N e 11 %
Hansallispursic b ", gt S o
M h] ¢ Musdalamp H
- \ b Pt IBALal asply =
Suojeluohjelman kehoe 1 Pathalrstn Pofbaiashorive | e P é
1 Nalkra 7000 -alae ! i p -
[} Luontotupa s b by ﬁ f
% - %
I % L
ﬂ Opastustauly \‘ Sirika/ir ,r"l % 4 %
I 1 H ;
! \ F !
siaky I i 3
@ rysakeintiane " A ] : Kulkkalampl s
% o f g &
H Tulentekopaikka ~ (e | wmpl ¥ .
T s
W f o P
E Kpittokatos A o # \.& e
Y ; T Tag a4
E Laasu L ,". -.--—i".- é:‘
-y ¥
g T ."b"‘r"* Savulampd .LI.‘_ M e EE
E’ Varaustupa o %a".'.‘- fl 5 sl y| EEE
o, I d
E Wathailuvaurualue T, e e P - -
Haiin * A atraniemi
Mathailunahigvyys \‘
y, Livisa =) a0
- HumeE 3 ol <o Fetaosty e i3 poRuhgean
0] venalaituri Maprav | |p B0 1 E
a4 I
x o Tz &
E3 ravimei o Keriiat: oy \
LI % KoakaazArkks HuLRuNS S
“ Kuivakaymala ns T4 & e o
= censuu IR i “ kiajArvi
B sonsiden ot X 2% ¢ Petkeljdrvi Wbk
it it = B i \\
=== FRetxailypclku « B : Kaltajarvi \\ IS RAARF
Vi \
= Luontopalku g wTotmaerd .
.
Tiw Ko |
ks K a 52 1

d appeana'a

0 MaltShatus 2077, O Masnmily ssins 1 VK2

* Losbumaimi

Figure 102. Petkeljarvi National Park recycling point at the heart of the National Park (Source Metsahallitus).



m DPSIR Framework

Environmental impacts of nature tourism in the national parks are currently assessed using
the LAC (Limits of Acceptable Change) method. The method set limits for acceptable change
for the metrics being monitored. A target is also set for each LAC meter selected for monitor-
ing. If the target value has not been reached by the target year, suitable means are sought to
achieve or maintain the desired state. The measurement work on sustainable tourism seeks
to utilize as much as possible, the information already collected from regions, visitors, and
stakeholders (Naumanen 2020).

Visitor data is also collected every five to ten years through continuous visitor count across
national parks and the hiking area, and by undertaking of visitor surveys. Even though the
visitor profiles of the top nature tourism targets of the Biosphere Reserve vary, the recrea-
tional motives have over the years proven rather similar across the biosphere reserve. The
main reasons that attract visitors to all these targets are landscapes, experiencing nature and
relaxation (Naumanen 2020).

From the SHAPE NPA research on land-use and visitor values, general state of environments
according to visitors were collected. The respondents were asked how the values considered
by them prior to booking travel, were met while at destination in Lieksa city (where Koli NP

is situated). Scenic/beautiful landscapes, unspoilt nature, overall cleanliness of destination,
personal safety and security, and diversity of nature attractions were the top five aspects that
stood out (Fig. 103).
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[outstanding: O=not at all.... S=very much

Seenicbesutiful landicap-es I
[Iptniestone  o  _ ____________________________________________________________|

Owerall chesnliness of destination
Perional safety and security

Déversity of nature attractions (national parks, nature activities offered]

Weather conditions during stay period

Easy accessibility 1o dedtination

Ernvirammental actions at destination &, ustainsble produwcts, waste sorting/recycling points
Easy booking ard payment of derviced andite

Diversity of cultursl sttractions (historical sites, mussums, cultural events, traditions, e

Quiality af stcoamm
Eade of trardpartation o and from dilferent tangets

Thie cdfer of local cuisine

Wisitsility af eompary good practices/enviranmental actions arsite

The use of lacally grown ingredisnts in cuisings I

Availabilivy af sport and recreational Tacilities for rent

Travel packages as part of tourism expetence IS

0 10% 20% % a0 % 50 % 60 % 0% BO % 90 % 100 %

Figure 103. Attributes of North Karelia as a tourist destination (n=663; SHAPE NPA)
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Despite the good review, visitors mentioned the info-signs across the National Park were
outdated and stop-over areas needing development and frequent clean-up (mainly in peak
period). The key issues regarding infrastructure were mainly in connection to Koli NP, with two
main ones as information signs "info-signs" and maintenance of the stop-over areas (mean-
ing camping grounds, places of rest, etc within the National Parks). Signs in some areas were
considered in bad condition, while current maps as outdated. Some stop-over areas (including
the camping area) in Koli were also mentioned as not aesthetically attractive and need im-
provement.

Under the chapter “pressures”, it has been mentioned that the parks rely on funding and
recent funding reductions for the parks may have impacted the frequency by which waste is
collected, and ability of securing or adding related facilities for waste management across the
sites. Figure 104 shows the key amounts of funding for National Park services by the Ministry
of the Environment (the largest source of funding for nature services). The funding is decided
by Parliament.

METSAHALLITUS FUNDING
(IN MILLION EUROS)
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Figure 104. Development of funding for the Ministry of the Environment (Metsahallitus 2019 c.)

Waste management inside NPs and surrounding areas

Waste collection is usually organized and monitored both in NPs and surrounding areas in
strict conformity with the Waste Law. In NPs, the waste sorting is strictly regulated, and the
organisation of collection is organized by Metsahallitus. In Koli and Petkeljarvi NPs, there are
waste sorting facilities, and these are visible already upon entering the National Park (see Figs.
100 and 102).

However, in surrounding areas close to NPs, mixed waste is still rather problematic due to
non-motivation of households to waste sorting (see Fig. 105 below). The long distances to
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sorting sites, and lack of information on how and why to sort waste are stated as key reasons
behind the problem (Semnasem 2019). Other reasons for mixed-waste choices is that some
waste sorting possibilities are still lacking in smaller towns, and that here is still no permanent
solution for the collection of plastic waste e.g. for farms (Silvennoinen et al. 2019). Therefore,
there is a need to improve the accessibility of reception sites to enhance waste sorting, which
is as described by law, the responsibility of manufacturers, importers, and packers.

Composition of household waste in Eastern Finland, 2017
(Share of total weight)

04

0,72
0,15

011

= Mixed waste Plastic = Glass w Cardboard = Metal = Biowaste

Figure 105: Composition of waste in NK (Jatekukko Oy, in Semnasem 2019)

There is also need for improving awareness through, for example, use of information boards
inside NP and surrounding areas. Possible map that can guide the visitors on waste manage-
ment and locations of waste sorting or bin sites inside national parks, as well as how to han-
dle the waste while inside the NPs mainly for domestic and international visitors (otherwise
digging and burning/ burying of mixed waste could be possible impacts to be seen). Waste
sorting and sites may be known to residents but same cannot be assumed for other domestic
and international visitors. There is need for target awareness on how to act while in the Na-
tional Park and when in sensitive environments such as the Biosphere Reserve. Metsahallitus
has information for visitors, for example, on their websites. Still, there is need of an active role
by the service providers organizing trips for visitors within these sensitive environments.
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6.2.4. Impacts

Overall, increase in visitor numbers can present the need to update more often the existing
infrastructure inside national parks and surrounding areas, or concurrently the need for addi-
tional infrastructure or expansions to support increasing numbers of visitors. These tourism
industry developments and constructions can in turn inflict environmental harms such as
waste pollution, and changes in water systems which concurrently affect the very features
that draw the visitors to the region (Borg, Kivi, Partti 2002, p. 45).

Based on the status assessment of all surface waters across North Karelia (NK) completed in
September 2013 (see Tab. 21 for levels), the lakes and rivers are mainly in a good or excellent
ecological state. The estimates are better than nationwide average. From the analysis, 92 per-
cent of the examined lake area, and 77 percent of the river length are at least in good ecologi-
cal state (CEDTENK 2014, p.18). For groundwater areas, about 99 percent are in good state i.e.,
they meet the quality criteria set for domestic water as defined under the Government Decree
on Water Resources Management (1040/2006).

Table 21. Criteria for water quality classification for lakes and rivers in North Karelia

I S N N R R

Excellent Good Satisfactory ~ Passable Poor
Chlorophyll-a _1
(lakes, rivers) pg <4 <10 <20 20-50 >50
Total phosphorus . | 4 <12 <30 <50 50-100 >100
(lakes, rivers)
Transparency m >25 1-2.5 <1 - -
Turbidity FTU <1.5 >1,5 - - -
Colour mg I Pt <50 50-100 (< 200)" <150 >150 -
Oxygen in surface % 80-110 80-110 70-120 40-150 Serious
water problems
Oxygen depletion nrin 100 occasion-
) o no no frequently ~ common
in hypolimnion ml ally
Faecal coliforms oy o <10 <50 <100 <1000 >1000
or streptococci
Hg in carnivorous = ) ) ) )
fish HE
As, Cr, Pb pg I - - - <50 >50
Hg pg I - - - <2 >2
Cd pg I - - - <5 >5
Total cyanide pg I - - - <50 >50
Algal blooms no occasionally  frequently = common abundant
Off-flavours in fish no no no common common

*1) Humid waters in natural state. Note: Criterion for seas not included in this table.
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Koli National Park

Lake Pielinen is an important feature for Koli National Park’s landscape quality and tourism.
The lake provides environments for water sports, fishing, canoeing, and for other activities
and use by those seeking recreation. Therefore, its status and changes require special atten-
tion in everyday life. There are other lakes, streams and a multitude of small waters, ponds,
creeks and niches, springs and seeps influenced by ground water across NK (CEDTENK 2014,
p.18). Joint monitoring and improvement of water quality has been key in assessment and
improving of water quality (Fig. 106). Lieksanjoki River that drains into Lake Pielinen, and Lake
Pielinen have been observed over a long period of time. The central part of Pielinen has long
been involved as a background area in the monitoring of contaminants.
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Due to the peat-dominated waters of Valtimojoki and Saramojoki rivers, the northernmost
part of Pielinen is characterized by the humus color of the water (color value 60 mg/I, trans-
parency about 2.7 meters). In the middle part of the lake, the color number is about 50 mg
Pt/l, and transparency at 3.3 meters. In the eastern part, the water of Pielinen is darker, the
color number is over 70 mg/l and transparency 2.5 meters. As the waters of Pielinen flow to-
wards the southern part of the lake, the humus color of the water is still transparent: the color
number is 60 mg/l and visibility depth are slightly less than 3 meters. Nutrient concentrations
in Pielinen are currently low, phosphorus is low in backwaters and in the southern part, less
than 10 micrograms per liter (Jarviwiki 2020., Tab. 13).

There are no problems with oxygen content in Lake Pielinen, although a small natural decrease
in oxygen content has been observed when comparing top and bottom layers. The concentra-
tions of total phosphorus and nitrogen are excellent (Ymparisto 2016). A clear downward trend
in nitrogen concentrations has been observed since 2006 (Ymparisto 2016). Ground water
assessment has also been stated as at least good in all groundwater sites (CEDTENK 2017). The
downstream of River Lieksanjoki that drains into Pielinen has been mainly influenced by power
plant construction, which has weakened their ecological status (CEDTENK 2014, p.18).

Petkeljarvi National Park

Lake Nuorajarvi and River Koitajoki are examples of important waterbodies that can act as
pressure sites for Petkeljarvi National Park (NP) in case of waste pollution. Lake Nuorajarvi
and Koitajoki are rated as excellent and good respectively (Mononen et al 2016). The status of
the rest are marked on the map (Fig. 107).

Therefore, it can be concluded that solid municipal waste impacts on water quality are rath-
er minimal on the environments within NPs and surrounding areas. Still, potential pressures
need not be overlooked e.g. in case of increased influx of visitors to Koli tenfold from current
numbers (Naumanen 2020) as key human impacts on Pielinen are stated as from agriculture
and residents (CEDTENK 2014, CEDTENK 2017).

Waste impacts on biodiversity inside NPs and surrounding areas

North Karelia Biosphere Reserve (NKBR) includes habitats of endangered species, for example
the great crested newt, brown trout, and landlocked salmon populations. An unprecedent-

ed growth in NP visitors could possibly impose problems for fragile vegetations with species
under Natura 2000 network within NKBR e.g. threat of losing habitats. Presently, about 14%
of habitats and 13% of species of European interest have already been assessed to be under
pressure because of Climate Change. This proportion is projected to more than double in the
near future (EEA 2017 p. 19).

In Petkeljarvi NP, the esker vegetation is considered very fragile since the flora of the dry
heath soil easily suffers when it is stepped on. Deterioration of the terrain on the ridges of the
National Park could prove to be a problem. The fallen dead pine trees in Petkeljarvi NP are
also home to many endangered polypores. The recovery of the damaged forest flora across
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Figure 107. Surface water quality for Petkeljarvi environments; Blue= excellent, Green=Good (see Tab. 13

for detailed water quality classification)

Petkeljarvi is monitored at an old camp site which was in use from 1960-1978. For nature on the

ridge to remain as close to the natural state as possible, vi
and existing paths (National Parks 2019). In Koli NP, the th

sitors need to keep to marked trails
reatened bird and plant species are

also monitored, and reporting done to the overseeing authority. The plans inside the park must
take into consideration the environmental directives drawn for the area (Ymparisto 2019b).

In North Karelia, it is evident that same environments that are valuable for visitors/tourism

are also valuable for residents (Figure 108). Therefore, th

e probability that the value areas

mapped may be key waste generation sources is high. These value areas are concentrated

within the National Parks (NPs), nature reserves (NRs) an

d along waterbodies close to the

parks. These areas are hence more prone to waste generation e.g. littering.
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6.2.5. Responses

One of the most significant threats in protected areas is inappropriate waste management,
which is related with the practice of landfilling or combustion of waste. To decrease the
amount of waste generated, the following solutions should be implemented: the development
of education to increase the environmental awareness, and planning solutions in accordance
with sustainable development (Grzergorz 2019).
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Limiting production of single-use containers

In North Karelia, 89% of the population is within the centralised water supply, and 76% on
wastewater treatment (Ymparisto 2017). The minimum requirements and recommendations
for the quality of drinking water in Finland are defined in the “Finnish Decree Relating to the
Quality and Monitoring of Water Intended for Human Consumption on drinking water” issued
by the Finnish Ministry of Social Affairs and Health (Finlex 2000). The decree is based on the
drinking water directive and concerns all water that is; (1) supplied to be used for human con-
sumption amounting to at least 10 cubic metres a day or for the use of at least 50 people, (2)
used for food production undertaking for the manufacture, processing, preservation of sub-
stances intended for human consumption, or (3) distributed to be used for human consump-
tion as part of a public or commercial activity like tourism (Makinen 2008., Katko et al. 2013).

There is a mandatory regular check and audit monitoring by local health authorities and
information delivered every year to the National Public Health Institute of Finland. The meas-
ures being to ensure that drinking water, which includes also tap water, is of high quality and
hence safe and hygienic to use when compared to the quality requirements and recommen-
dations (Makinen 2008, p. 12). For these reasons, visitors in the region are encouraged to
drink tap water or refill reusable water bottles (meaning less plastic waste in nature).

For waterways (e.g. lakes and rivers), there is a monitoring system for quality and impacts, and
protection measures taken according to case to case situations. Metsahallitus makes public
the information on what places one can drink or not drink from. For example, water of Ollila
well in Koli is safe to drink without boiling, while Lakkala well, Ikolanaho well, Paimenenvaara
well and Ollila draw well are not in use as their water quality is considered poor (National
Parks 2020). In Petkeljarvi, visitors are advised to get drinking water from the café-restaurant
at the Park, or alternatively boil or filter surface water before drinking as water quality varies
from one area to another (National Parks 2020b).

In cases where visitors require bottled water, the locally bought water or soft drink bottles are
also strictly regulated through the nation’s Waste Act 2011, and pay per return initiative mo-
tivates consumers to return to recycling stations the aluminum cans/bottles in shops where
the receiving some cents per bottle returned. The bottles are thereafter redistributed back to
producers for reuse (see bottle recycling under waste management below).

Bottle recycling

The government plays a key role in waste management by encouraging the use of recyclable
containers and discouraging the production of one-way containers. There are two laws in
place for this purpose; the first one covers a packaging levy applied on non-refillable one-
way containers charged to producers, while the second law exempts refillable and recyclable
containers from the first tax law if containers meet the refundable deposit requirements
(1037/2004) (Kabugu 2013, p. 23-31). The laws help maximize refilling and recycling of bever-
ages containers over one-time usage (Fig. 109). According to one research, the return rates
were 95% for beverage cans, 92% for plastic bottles and 91% for recyclable glass bottles in
2013 (Kabugu 2013, p. 23-31).
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Figure 109. Bottle
recycling.

The regulation developed by the Ministry of the Environment (MoE) has directives for the
operations of parties’ maintaining the return system for beverage containers, such as PALPA.
These are clarified under the Waste Act of 2011 (Finlex 2011b). Through the Act, the gov-
ernment can still act as a facilitator of the return system by regulating the deposit fees and
the other obligations of the parties maintaining the return system. Therefore, if visitors buy
bottled beverage, they can recycle bottles in almost all grocery stores and get some cents
back for the return while the producers can reuse the bottles. Improvement is still needed as
problem with containers (e.g. cans and wine bottles) brought in from outside the country by
visitors and residents do not usually meet the refundable deposit requirements hence nega-
tively impacting the efficiency of the return system.

Littering by visitors and residents

The European Union (EU) has set waste prevention objectives which obligate member states
to deal with the problem. Monitoring municipal solid waste (MSW) generation in member
states is a requirement which aims for better knowledge about waste sources, waste quanti-
ties, waste generation trends, influencing factors and their impact.

There is a waste plan prepared for NK province and it defines the targets for waste manage-
ment; the main goal being to reduce the amount of waste placed in landfill significantly. In ad-
dition, energy from combustible material deemed unsuitable for reuse as material is recycled
as energy which can in turn be used to replace energy produced by fossil fuels. Depending

on the region, majority of bio waste and sludge is treated in biogas plants and used in energy
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production or refined for use in transportation (Regional Council of North Karelia 2012, p.20).

“Metsahallitus” is designated with managing waste within the parks and hiking areas; this
includes Koli and Petkeljarvi NPs. The companies and local residents (including second home-
owners residing close to NPs) also bare the responsibility of waste management within their
own premises. There is currently no visitor specific waste monitoring except the regulation
prohibiting littering. The responsibility of visitors' waste management and sorting at the
moment falls mainly upon the tourism service providers, NP and public forest managers (e.g.
Metsahallitus when within NPs), and private forest owners (public access rights allows for use
of forests but legal obligation to clean waste lies with property owner).

Waste sorting

Tong et. al (2018) suggest that efficient local interactions among various stakeholders are
needed in forming the social norm and common space that favor recycling activities at the
community level. Waste sorting in North Karelia is generally well-structured (both inside the
NPs, and its surrounding communities) with recycling stations for sorting different materials.
Common waste stations have bio-waste, clothes, metal, glass, cardboard and paper. There is
no sorting fee for returning and sorting the re-usable waste to stations as the packaging fees
are usually already included in the product cost.

Close to town centres, the stations are easily accessible and usually close to shops, all with
clear guidelines on the containers to ease the recycling process. However, in sparsely pop-
ulated areas like Koli and Petkeljarvi surrounding communities, the distances to the sorting
stations are still a challenge (see chapter on Pressures; waste management inside NPs and
surrounding areas). Despite the distances, illegal dumps are not common. Plastic recycling
station commenced about summer 2016 in NK and is a rather good addition to waste sorting.
For larger home and garden renovation, furniture, electronics and more dangerous waste,
there is a larger recycling centre for handling such waste and organized pick up in various
regions; jointly owned by municipalities and run by designated waste companies. The actions
are overlooked by Centre for Economic Development, Transport and the Environment.

Environmental protection through regulation of waste companies

Unregulated waste disposal is a huge problem across the world since without the right struc-
tures and support systems that guide, monitor and regulate actions, waste collection, move-
ment, and handling cannot be verified. The result can be for example illegal dumps, too high
fees which then discourage recycling among other. In NK, the companies and persons that
undertake the waste collection from consumers (residential areas and companies), or those
that receive the waste (waste centres), must apply for, get accepted and be registered as a
waste company. The applier must also prove beyond reasonable doubt its intended actions,
sphere of activities, and experience.

The waste management company actions are strictly monitored; waste types, sources,
amounts and waste management actions from sorting to landfilling (See Finnish law: Envi-



DPSIR Framework

ronmental and nature protection law 2012; Talentum media Oy, Helsinki 2012, chapter 11, in
page 176-178). The prices for waste collection for different types (e.g. bio-waste, mixed waste)
are also regulated by law (See Finnish law: Environmental and nature protection law 2012;
Talentum media Oy, Helsinki 2012, chapter 9 in page 174-175).

Co-governance

Nature tourism in protected areas hold great economic potential for the region. Well-known
conservation and hiking areas are also important for the entire region's image. The Finnish
Tourist Board, also using the name “Visit Finland”, is a national agency under the Ministry of
Employment and the Economy and is designated with actively promoting Finnish tourism.
The Board works closely with ministries, travel businesses, transport companies and Finnish
regions on cooperation involving research and development (EC 2013, p. 2). There is also a
sector manager for tourism who acts as a national tourism expert for all ELY Centres (OECD
2014, p. 165). Other organisations supporting tourism industry in Finland include the Finnish
Safety and Chemicals Agency (Tukes) that is concerned with supervision and promotion of
consumer safety; “Metsahallitus”, designated with managing nature conservation and hiking
areas (OECD 2014, p. 165).

At the regional level, various public authorities handle land-use related issues which include
waste efficiency and pollution prevention. These are: (1) The Regional State Administrative
Agencies which are tasked with legislative and supervisory aspects in the regions, (2) The
Centres for Economic Development, Transport and the Environment (ELY) who overlook the
regional implementation and development tasks of the state administration, offer advisory,
consultancy, financing, and training services for tourism companies’ business development,
and (3) The Regional Councils as joint municipal authorities, who take care of regional plan-
ning and supervise regional interests which include the development of the tourism sector.
Furthermore, there are also about 30 regional tourism organisations in Finland that have
diverse tasks and ownership structures (EC 2013, p. 2).

The biosphere reserve activities managed by the Ministry of the Environment and the North
Karelia Center for Economic Development, Transport and the Environment promotes sustain-
able development goals. Sustainable nature tourism planning and development in protected
and hiking areas is part of the activities of the Biosphere Reserve, done under the coordina-
tion of the Biosphere Reserve Steering Committee. Metsahallitus is represented in the steer-
ing group of the Biosphere Reserve and takes part in regional projects, where the well-being
of the residents is strengthened without compromising on biodiversity.

Metsahallitus' nature services creates conditions for the sustainable recreational use of pro-
tected areas by providing a framework and guidelines for visitors, as well as conducive operat-
ing conditions for nature tourism companies in the area. Areas and routes maintained by the
municipalities, associations and other actors of North Karelia complement the areas managed
by Metsahallitus. Extensive cooperation with the authorities and stakeholders as well as joint
supervision campaigns have made the supervision more comprehensive and helped strength-
en preventive impact (Metsahallitus 2017).
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Encouraging networking and cooperation

The Biosphere Reserve has played a significant role in improving awareness of sustainability
thinking and networking. The Biosphere Reserve's role is bringing together individuals, com-
munity-based organizations, research institutes and corporate organizations in a forum where
they can discuss the concept of sustainable development and use this knowledge to encour-
age and improve the environmental practices within respective fields. The major sectors with-
in NKBR are forestry, tourism, and services. The BR network consists of various private and
government institutions, companies and local networks, collectively termed the BR partners.
Metsahallitus also has partnerships with companies operating within the protected areas such
that they operate within the laid down sustainability principles of the sites.

Policies aiming to influence sustainable development by fostering pro-environmental be-
haviors may be more effective when considering the cultural participation dimension as a
complementary factor (Crociata et. al 2015). The BR has in place national and international
collaborations used in instances of research and developments, and networking for example.
The idea is that the cooperation partners have own business development plans, and the
BR's mission is to help the partners develop those plans in a way that they are economically
viable, as well as environmental and socially responsible. This is in form of a joint agreement
(BR sustainability partnership agreement) by which the partners hold to specified principles
committing to agreed goals and joint efforts towards sustainable development, cooperation,
and regional actions, which take into account the specific features of the Biosphere Reserve;
meaning also waste minimization and sorting. The BR, using its resources and networks, ad-
vices and helps the partners improve actions as needed.

Through the ongoing BR projects, tourism stakeholders from the region and entrepreneurs
also get access to funding, e.g. to attend learning journeys and study tours in other tourism
destinations and upon return share the knowledge gained within networks or during BR
regional workshops and seminars. Project funding are concurrently used in developing the
region, for example in updating info-boards which give awareness to visitors on how to act re-
sponsibly in the region (e.g. wasteless hiking). These are done in cooperation with BR partners
and placed in strategic locations outside national parks (such as stop over areas), and inside
national parks (rest points and along the hiking trails).

The growth of nature-based tourism has witnessed an increase in visitor numbers to pro-
tected areas, with quality of destination attributes exerting considerable influence over their
experience. To allow for sustainable destination management, the rapidly growing visitor
demand for nature tourism emphasises the need for more diversified thinking on the visitor
growth and potential pressures. Statistical analysis show that tourist inflow positively corre-
lates with the waste generation problem, with a sharp increase in the volume and composi-
tion of the solid waste observed during the peak tourist seasons.
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From the findings of North Karelia BR, it is evident that the visitor numbers in Petkeljarvi
national park (NP) has stayed the same, while Koli NP visitor numbers has doubled since
2008. The growth in Koli NP visitors has similarly resulted in Municipal Solid Waste (MSW)
related pressures inside the NP, with visitors suggesting the need for frequent clean-up during
peak season, info board updates, and for development of stop-over and camping areas. The
impacts on the nature and water ecosystems are presently minimal as waste management
inside the NPs are largely under control. Despite that, guiding behaviour of visitors inside
the NPs, and regular monitoring of waste points is crucial mainly when considering the plan
of increasing visitor numbers to millions come 2050. The latter is difficult to achieve without
availability of funds, a problem currently faced by Metsahallitus that is in charge of manage-
ment of these areas.

Even though the waste is more or else safely disposed and waste management functional
across the NPs and within the Biosphere Reserve, mixed waste by households is still a major
challenge in the region. MSW management should be focused on minimizing the production
of waste and more so reducing the amount of mixed waste. This includes maximizing reuse
and recycling of the produced waste also for residents (households). Policies aiming to influ-
ence sustainable development by fostering pro-environmental behaviors could be considered
as these (such as the bottle return system) has been rather effective. Considerable attention
needs to be given to the roles that the residents and visitors can play. Lebersorger et al. state
that waste management planning requires reliable data concerning waste generation, influ-
encing factors on waste generation and forecasts of waste quantities based on facts. This is
still a problem in North Karelia Biosphere Reserve as the information is rather fragmented
within the different waste management companies. The long distances to sorting sites, and
lack of information on how and why to sort garbage can also prove hazardous for the areas
surrounding national parks, which can in turn move through natural courses inside national
parks and hiking areas.

Outside the NPs, results show that visitors and residents land-use values are linearly aligned
with these values concentrated along hiking routes and waterbodies. Public access rights
also complicate the ability to map waste sources in other zones of the Biosphere Reserve.
Residents may to some extent be aware of how to act, and/or know locations of waste points
while using the environments. However, resident visitors (meaning domestic tourists not
residing in the area) and international visitors may not necessarily possess similar informa-
tion (e.g. when considering limits of public access rights). The role of the Biosphere Reserve,
both as a tool for networking and for awareness is hence important as visitor actions extend
also outside the NPs to areas outside Metsahallitus management. The Biosphere Reserve's
cross-border and global network could also be utilized in sharing ideas and exchanging ex-
periences on different best practices and solutions other sites are using to manage already
existing or potential visitor pressures.

Furthermore, the rise of visitor numbers to Koli NP has also presented the need for additional
tourism infrastructure and services to support tourism in the area. This emphasises the need
for regional developments to provide appropriate planning, monitoring, evaluation, and man-
agement that will contribute towards sustainable tourism consistent with the primary conser-
vation objectives of the protected area studied here.
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Figure 110. DPSIR for Municipal Solid Waste (MSW) across North Karelia Biosphere Reserve (* refers to
potential pressure, + refers to good state, - refer to needing improvement)

Lastly, even though CC is not a pressure in NKBR at the moment, under the scenario that
increase in visitor numbers increases waste generation, CC is considered a potential pressure
to waste management methods (e.g. policies) both in the National Park (visitor actions while in
the NP) and surrounding areas (local community and visitors’ actions).

This study addressed the following: (a) investigated potential drivers for solid waste in Koli
and Petkeljarvi NPs and surrounding environments, (b) discussed possible impacts of the
drivers on regional tourism image to clarify existing problems and challenges (pressures),

(c) examined the current state of environments of Koli and Petkeljarvi NPs and surrounding
areas (within the North Karelia Biosphere Reserve) in regard to waste generation, after which
it investigated already available actions (responses) for overcoming pressures and enhancing
sustainable actions within national parks studied and their surrounding areas. The results of
the analyses are synthesised in figure 110.
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The results show that the popularity and demand for outdoor recreation has resulted in an
increase in number of visitors to NPs within NKBR. However, despite the increase in visitor
numbers, there has not been any major environmental Municipal Solid Waste (MSW) impacts
across environments studied in this research. The waste management inside the NPs are
largely under control, and waste related impacts on the state of environments inside both

the national parks and surrounding areas within the NKBR are minimal. However, visitors and
residents land-use values are linearly aligned with these values concentrated along hiking
routes, waterbodies, and protected areas. The pressure areas present the need for enhancing
awareness to both visitors and residents on importance of waste sorting and correct disposal
of waste.

Active marketing of objects requires that the promises are kept once visitors are at the desti-
nations. Deteriorating service equipment is a big brand risk for NP tourism, as well as a threat
to the development of nature tourism. Moreover, under the scenario of continued growth

in visitor numbers and linearity of land-use values by both visitor and residents in the area,
considerable attention needs to be given to the roles that residents and visitors can play in re-
ducing MSW impacts and pressures, as well as tools (such as reliable funding) that could help
destination managers guide such actions.

ke
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The aim of the SUPER project has been to create such conditions which would improve en-
vironmental resilience of the pilot areas both in Russian Federation and Finland despite the
different challenges. This report provides detailed information about the environmental side
effects of tourism caused by intensive recreational load (i.e., challenges in the waste manage-
ment, eutrophication of waters, wearing out of the surroundings and vegetation, microplastic
pollution, etc.) for each of the pilot areas separately as the status quo and problems are differ-
ent in every site. The main conclusions and recommendations for each of the four areas are
presented briefly in this chapter.

The DPSIR (Drivers, Pressures, State, Impacts, Responses) Framework analysis has been con-
ducted for Kizhi and Vodlozero sites. The goal of the DPSIR Framework analysis for these sites
was to help local decision makers, inhabitants, and stakeholders understand how different
drivers can impact their local economies, and how responses influence the current state of
environments and well-being of local population and workers.

Among the main Drivers, or Needs of the Kizhi population and stakeholders, the following
were identified: the phenomena of steady growth of tourism and recreational activities (fish-
ing, dacha visits, etc.); based on the growth of quality of life (housing/dachas, transportation,
including watercrafts, recreation); together with the growth of individual and business con-
sumption; the growth of small farming and agriculture.

In meeting the main Drivers, the following Pressures, or Human Activities, have been identi-
fied: Traffic from intensive one day tourist visits via speedboat (Meteor) from Petrozavodsk
and cruise boats with one day tourists traffic from all around Russia (very intensive during the
Summer); The 142-194K tourists a year traffic on the main island in 2010-2019 and growing;
Growing housing/dachas (incl. construction), automotive, watercrafts, fishing, camping and
hiking; The 60 winter and 300 summer inhabitants just in the main island; Waste from indi-
vidual and business consumption (88 tons transported in 2019, including 2.8 tons of separat-
ed waste); Moderate pollution and risk of oil spills, hazardous materials; Small farming and
agriculture activities.

The State of the Environment for Kizhi was approximated as: Status of water, groundwater,
and drinking water - low-pollution category; Status of soil's REE, heavy metals/HMs, nitrogen,
biological pollution (i.e. elevated Phosphorus, risk of eutrophication) - higher counts in some
of the sites; Microplastic - higher counts in some of the sites (highest at Kizhi main pier) -
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highest measured in the Lake Onega); Status of Kizhi skerries waters ) - periodical high levels
of Maximum Permissible Concentration/MPC of petroleum products and HMs Bioaccumula-
tion; Ecosystems - adventitious/invasive plant species in some of the sites.

The above-mentioned State(s) can have Impact(s) on the quality of ecosystems and human
welfare in Kizhi, i.e.: Attractiveness of region; Income from tourism; Ecological trends and ed-
ucation of the local inhabitants; and Social wellbeing such as Park's staff, dacha residents and
local inhabitants.

The following Responses, i.e. comprehensive actions by the society and policy makers, could
be recommended: Creation of the Waste and water management improvement plan (supply,
utilization, logistics and road conditions); Removal of the old waste sites, closing of the active
illegal dumps in the surrounding villages; Enhanced sorting of the domestic and industrial
waste, as well as control and monitoring of the of waste waters discharge, dissolvement and
treatment; Continued environmental research and monitoring, including REE, heavy metals,
nutrients and microplastic in water and soil, as well as biological research; Continued im-
provement of the environmental tourism infrastructure; Continuation of environmental semi-
nars to the staff and villages; Continuation of environmental volunteers' work on cleaning and
removal of illegal waste in the villages; Continuation of work on prevention of pollution and
readiness to contain possible environmental risks as oil spills, exposure of hazardous materi-
als, household and forest fires.

Among the main Drivers, or Needs of the Vodlozersky NP population and stakeholders, were
identified: the need and phenomena of a controllable growth of tourism and recreation activ-
ities in the protected area; (hiking, rafting, fishing, dacha, etc.); based on the growth of quality
of life (housing/dachas, transportation, including watercrafts, recreation); together with a con-
trollable growth of individual and business consumption; as well as growth of small farming
and agriculture.

In meeting the main Drivers, the following Pressures, or Human Activities, have been identi-
fied: Dirt-road with considerable traffic is in ‘average’ to ‘poor’ condition in the last 15 km and
some impacts of wearing out in several spots of the first 45 km of the dirt-road to Kuganavo-
lok village; Moderate and well controlled watercraft traffic (both transport, recreational and
small fishery/ aquaculture production; Moderate and well controlled tourist traffic (6K visits
per year); Moderately and well controlled growing of housing/dachas (incl. construction), au-
tomotive, watercrafts, fishing, camping, rafting and hiking; The 400 winter and 2000 summer
inhabitants in the main village of Kuganavolok and in the Park area; Waste from individual
and business consumption (600 cubic meters of mixed waste transported per year, including
0.5 tons of separated waste); Low pollution and risk of oil spills, hazardous materials; Small
farming and agriculture activities.

The State of the Environment for Vodlozersky NP was identified as: Status of water, ground-
water, and drinking water - low-pollution category; Status of soil's REE, heavy metals/HMs,
nitrogen, biological pollution (i.e. elevated phosphorus, risk of eutrophication) - moderate to
higher counts in some of the sites; Microplastic -increased counts in some of the sites in inter-
nal comparison; Ecosystems - adventitious/invasive plant species in some of the sites.
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The above State(s) can have Impact(s) on the quality of ecosystems and human welfare in the
Vodlozersky NP, i.e.: Attractiveness of region; Income from tourism; Ecological trends and edu-
cation of the local inhabitants; and Social wellbeing of Park’s residents and a local inhabitants.

The following Responses, i.e. comprehensive actions by the society and policy makers, could

be recommended: Creation of the Waste and water management improvement plan (supply,
utilization, logistics and road conditions); Removal of and soil remediation of the active illegal
dump, surrounding Kuganavolok village; Improved sorting of the domestic and industrial waste,
as well as control and monitoring of the of waste waters discharge, dissolvement and treatment;
Continued environmental research and monitoring, including REE, heavy metals, nutrients and
microplastic in water and soil, as well as biological research; Continued improvement of the
environmental tourism infrastructure. Continuation of the environmental seminars to the staff
and villages; Continuation of environmental volunteers’ work on cleaning and removal of illegal
waste in the villages; Continuation of work on prevention of pollution and readiness to contain
possible oil spills, exposure of hazardous materials, household and forest fire.

As revealed by soil surveys, soils in the unauthorized municipal solid waste dumps in the
study areas belong to the low-pollution category according to the regulation “On the proce-
dure of quantifying damage from land pollution with chemical substances”. The following
approach can be recommended - to eliminate the dumps, whereas further remediation
actions can be proposed after a more thorough additional sanitary-parasitological analysis of
the territory. That said, even small-size unauthorized waste dumps are a potential threat to
the environment, as well as to humans. More attention should therefore be given to environ-
mental education of local people and tourists, building up awareness among authorities, and
establishing the infrastructure for environmentally sustainable management of the sites.

Overall, a well-arranged infrastructure has helped avoid major recreation-induced changes in
soil properties and other natural elements. To reduce the detrimental environmental impact
of recreation, namely soil damage, the following improvements can be recommended for
recreational areas:

1. Build decking in sites for tents to avoid soil compaction and trampling down of the ground
cover in campsites.

2. Mark out the paths most popular among tourists, as this will notably reduce the number of
alternative paths and thus mitigate overall digression.

3. Put up more information boards in campsites with instructions regarding visitor behavior
and nature conservation (waste handling, fire safety, tree protection against damage, etc.).

4. Build temporary access barriers around larger forest patches (1.0x1.0, 3.0x3.0 m, etc.)
within campsites, e.g., using colorful caution tapes, to prevent further trampling damage
and irreversible disturbance of the forest community. In actively visited campsites, such
patches should be fenced out for 1-2 years to give the living ground cover enough time to
recover.

5. Eliminate as soon as possible all identified micro-dumps, since they often act as starting
points for the dispersal of alien (invasive) vascular plant species, many of which have an
aggressive survival strategy.

6. When large source areas of invasive species (such as Himalayan balsam, Canadian pond-
weed, Sosnowsky's hogweed) are detected in the region, the recommendation is to eradi-
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cate them as soon as possible, before massive dispersal has occurred.

7. Regular botanical monitoring of habitats such as dumps, and other ruderal habitats is
needed to be able to adequately predict how the situation with invasive species will devel-
op and understand the strategies of their potential future behavior in the republic.

Microplastics (MPs) cannot be removed from the environment with known methods. In order
to reduce water bodies’ contamination with MPs the following procedures can be recom-
mended:

1. Environmental education to reduce the input of plastic wastes to the environment from
locals and tourists.

2. Reducing secondary MPs formation in the environment (degradation of large plastic litter)
by means of remediation of illegal dumps and regular shore clean-up actions to remove
plastic litter from the environment.

3. Application of the best available water treatment techniques able to remove particulate
matter from effluents to reduce the input of primary MPs to the water environment or at
least, maintaining the performance of local waterworks at the designed standard. Reduc-
ing the use of MP-containing cosmetics, facial cleansers, toothpaste, etc. Reducing direct
untreated domestic wastewater discharges to water bodies.

The most pressing waste-related problems in both protected areas seem to be illegal dumping
of waste and insufficient waste management systems. In addition, challenges are caused by
the waste load due to rather heavy tourism. Moreover, infrastructures of the areas are not on
the adequate level to maintain sufficient and sustainable waste management system.

When considering the well-functioning and more sustainable waste management in parks, the
issue of major concern is infrastructure and logistics improvement in the areas. For instance,
Kizhi could benefit from better shipping arrangements for the waste transportation - invest-
ments in water transport could help to improve waste management not only on the island,
but also in the protective zone. Vodlozersky National Park could also benefit from arranging
transportation across Lake Vodlozero.

To find out the best solution for waste transportation and management in the areas, the
detailed and careful studies should be done, and amount of waste and waste fractions need
to be solved for the proper planning and sizing of the more sustainable waste management
system. In the future, there is a need for projects which would monitor, control and reduce
the current amount of waste generated by tourism in Russian areas and provide additional
recommendations for the waste management improvement.

This report, as well two-year joint project work, leads the way and recommends a comprehen-
sive engagement of best international practices and modern solutions for collecting, sorting,
transporting, recycling and discharging the waste in the national parks, including other specif-
ic recommendations to each park. The authors of this report are confident that information
exchange and continuous joint monitoring of the ecological situation, including the waste and
water management, across the border is highly needed in order to mitigate the existing risk of
environmental degradation in the national parks, as well as to improve environmental resil-
ience and well-being of people living, working and visiting these marvels of the nature.
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7.2. Finnish National parks

The Rokua case site example showed how DPSIR approach (edited from the conducted Mul-
ticriteria decision analysis) can clarify the connections between different aspects of a ground-
water area and how it is managed. The connections between lake ecosystems, groundwater
and land use can be shown in an orderly fashion that can contribute to discussions between
experts, stakeholders, locals and regional authorities.

Modelling is a powerful tool to analyze different management scenarios for groundwaters and
dependent ecosystems such as lakes. The key part of the modelling process is the concep-
tualization of case site and the studied hydrogeological dynamics. This helps to plan where

to monitor the studied system for most valuable data. It is a key step to build a functioning
model where the key dynamics of the system are represented in needed detail.

For the Rokua case, which will possibly have less severe dry periods in the future, extensive
drainage restoration by completely filling significant amount of ditches of the whole protection
zone could be seen currently as a too oversized, uncertain and expensive measure compared to
the benefits. Even though there was acceptability of the measures, the effects from the lowest
water levels were with economic impacts to tourism were temporary during the dry periods.

A smaller, sub-catchment scale pilot test of ditch filling would improve our knowledge on the
effectiveness of ditch filling restoration method. Further, the groundwater modeling approach
used in Rokua would be interesting to conduct for a smaller aquifer, of a recharge area less than
5 km2. The impacts of peatland ditches for a smaller aquifer might differ with scale.




-

DPSIR Framework 157

The North Karelia Biosphere Reserve results show that despite the increasing rise of popularity
and demand for outdoor recreation and increased number of visitors to NPs within NKBR, there
has not been any major environmental impacts regarding MSW across environments. Waste
management inside the NPs are largely under control, and waste related impacts on the state
of environments both inside the national parks and surrounding areas within the Biosphere
Reserve are minimal. However, visitors and residents land-use values are linearly aligned with
these values concentrated along hiking routes, waterbodies, and protected areas. Active mar-
keting of the region as clean nature also requires that the promises are kept once visitors are

at the destinations. These pressure areas present the need for enhancing awareness to both
visitors and residents on importance of waste sorting and correct disposal of waste.

Moreover, under the scenario of continued growth in visitor numbers, ongoing tourism plans,
and linearity of land-use values by both visitor and residents in the area, considerable atten-
tion needs to be given to the roles that residents and visitors can play, as well as tools (such as
reliable funding) that could help destination managers guide such actions.

Results reveal the need of cross-border collaboration as a way of exchanging information and
ideas, experiences and best practices regarding MSW management across protected area.

Photo by Pekka Rossi
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DTOT OTYeT ABMAETCA HEOTbeM/IEMOIM YaCTbIO MPOeKTa «YCTOMYNBOCTb MNOZ AaBNeHNeM:
CNOCOBHOCTE OKpYXatoLLeln cpesbl 06 beKTOB MPUPOAHOTO U KYJbTYPHOIO Hacneimns npo-
TUBOCTOATb BbICOKOW pekpeaunoHHoM Harpyske» (KA5033-SUPER) Mporpammel MIMC Kape-
nus, puHaHcnmpyemoin EBponeicknum Coto3om, Poccunein u duHngHAnen. PaboTel Mo NpoekTy
NPOBOAWINCE B Mepuo ¢ okTabpsa 2018 r. no sHBapb 2021 T. ¢ Lenbo C034aHusa YyCI0BUM ANs
NOBbILLEHWS 3KOJIOTMYECKOWN YCTOMYNBOCTI YHUKANbHBLIX 06 bEeKTOB MPUPOAHOTO U KyAbTYyp-
HOro HacneAus, HAXOAALLMXCA Ha TaeXHbIX Tepputopuax Kapennn n ®uHnaugmn: 1) Nlocyaap-
CTBEHHOrO My3es-3anoBegHunKa «Knxum» 1 ero OXpaHHOM 30HbI, r4e pacnosioxeHo 6onee 20
AepeBeHb (06bekT Hacneansa KOHECKO); 2) HaumoHanbHOro napka «Boanosepckuiis, BkaOYas
AepeBHto KyraHaBonok (buocdepHsbiii 3anosegHnk KOHECKO); 3) buocdepHoro 3anoBegHnKa
«CeBepHas Kapenus» (b3CK) okono poccninckoin rpaHubl B PuHAaHAMK (BriocdepHsbiii
3anosegHnK FOHECKO); 4) T'eonapka «Pokya», pacrniosioxxeHHoro B 100 kM ot r. Oyny

B pervioHe Oyny 1 KasgaHu (reonapk KOHECKO).

OcHoBHas naesa npoekta SUPER 3akntouanack B peLleHnr BONPOCOB C/1abol nam Heorpe-
JAeneHHOWN 3KONOrMYecKor YyCTOMYNBOCTY BbIOPaHHbIX LieneBbiX TeppuUTopuii. VX nocewaer
MHOXEeCTBO TYPUCTOB, 1 UM CZIOXKHO CNPaBAATLCSA € NOBOYHbIMUK 3ddekTaMu Typur3mMa U 4py-
rMX @aHTPOMOreHHbIX BO34eNCTBUA (Cpean NpobnemM: 0TX04bl, HapyLLleHne NpUpPoAHOI cpejbl
W PacTUTENbLHOCTH, 3arpsisHeHMe, 3BTPOPMKaALNA BOLOEMOB U T. 4.).

B JaHHOM oTueTe npeACTaB/ieHO KOMIMIeKCHOe UccnejoBaHme TeppuTopuin Ha NprMepe YeTbl-
pex HaumoHaNbHbIX Napkos 1 3anoseHKos FOHECKO B Poccnn n ®nHASHANK, NpoBejeHHOoe
rpynNmnow MexayHapoAHbIX NccnefoBaTeneli-d9K0A0roB Npy y4acTnmn CreuyanmcToB U3 ceMmum
opraHusaumii, paboTaroLwmx B NPUrpaHNYHOM pervore: 1) Accoumaumsa «LleHTp no npobnemam
CeBepa, APKTUKW 1 NPUrPaHNYHOIo COTpyaHMYecTBa» («CeBep-LieHTp», BeayLwnii napTHep);

2) FocyAapcTBEHHBI UCTOPUKO-apPXUTEKTYPHBIV W 3THOrpapuueckmin My3ein-3arnoBeHuK
«Kvxxny»; 3) Kapenbckuin HayuHbI LeHTp Poccuiickon akagemum Hayk (KapHLL PAH); 4) Hauw-
OHa/IbHbIN NapK «Boanosepckuiix; 5) OTAeN BOAHbLIX PecypcoB, SHEPreTUKN N OXPaHbl OKpY-
Xatrowen cpegbl YHuBepcuteta Oyny (UOulu); 6) NlecHas ciyx6ba PuHnaHann Metsahallitus,
HaumoHaneHble napku ®UHASHAWY; 7) LLleHTp SKOHOMWUYEeCKOro passBuTms, TpaHCNopTa 1 oKpy-
Xatowen cpegbl CeBepHoli Kapennn. [1nsa co3gaHns oT4eTa MCNo/1b30BaCb HECKOIbKO MEeTo-
JO0B 1CCNIefloBaHMS, BKIOYas NoJsieBble paboThkl, aHaNM3 Npoob, MogenmposaHmne 1 obpaboTtka
CobpaHHbIX JaHHbIX MeTogoM «CTpykTypa DPSIR» (MogpobHee B rnase 2).

Mogenb DPSIR (aBuXyLMe CUAbl, HAarpy3Kku, COCTOAHME, BO3AeNCTBMe, pearnpoBaHume) npea-
cTaBnseT cobo CTPYKTYpY A9 ONUCAHUA NPUYMHHO-CIeACTBEHHbIX CBA3EN Npy B3anuMo-
AeNCTBUN Mexay 06L1eCTBOM 1 OKpY>XKatoLLen cpeAoin, MPUHATY0 EBpONenckumM areHTCTBOM
no oKpy>KatoLLeli cpese, B KOTOpoi: JBuxyLine cCnabl - 3TO UHANBUAYaNbHbIE, COLManbHble,
3KOHOMMYecKne, MPOMN3BOACTBEHHbIE 1 FOCYAaPCTBEHHbIE MOTPEOHOCTY POCTa U Pa3BUTUS;
Harpysku - 370 feaTeNIbHOCTb YeioBeKka No yA0BAETBOPEHUIO 3TUX NOTpebHoCTel (ABMXKYLLMX
cnn); COCTOsIHME - 3TO COCTOSIHME OKPYXatoLLLel cpesbl (Pusmueckne, xXmmmueckme n 6ruonoru-
Yyeckue ycnoBus) BcieacTBre Harpy3ok; Bo3gelicTBue - 3To0 Ka4eCTBO 3KOCMCTeMbl 1 61arono-
nyyne HaceneHus, onpegensemsle CoctosaHnemM; PearmpoBaHue - 3T0 KOMMJIEKCHbIe AeNCTBUSA
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obLllecTBa 1 BNacTy B OTBET Ha HexenaTtesbHble Bosaencteus. Llens DPSIR-aHanmsa - noMouyb
MEeCTHbIM PYKOBOAUTENAM, HaCeNeHNIo 1 3anHTepecoBaHHbIM CTOPOHAaM MOHATL, KakK pas-
JNINYHbIE ABMXYLLVE CUbI MOTYT, HAaNnpuUMep, BNATL Ha MECTHYH 3KOHOMMUKY, U KaK Mepbl
pearvpoBaHus BAVSKOT Ha TekyLllee COCTOSAHNE OKpYyxatoLeit cpeabl. OH Takxxe nomoraeT
PYKOBOAUTENAM OMnpesennTb NpobnemMHble chepbl 1 pa3paboTaTb COOTBETCTBYHOLLME NAaHbI
no peLlueHunto npobnaem.

Ansa poccniicknx o6 bekToB - Napka «Bognosepckniny n mysesn-3anosegHuka «Kuxm», CTpyk-
Typa DPSIR akTyanusmnpoBanachk B Xoje nosieBbIx paboT 1 ncciefoBaHUi, NpoOBOANMbIX
cneumanuctamm ns Yumeepcuteta Oyny (UOulu) n Kapenbckoro Hayy4Horo ueHTtpa Poccuii-
cKol akagemum Hayk (KapHU PAH) npu nogsepxke COTPYAHWUKOB HAaLMOHANbLHOMo napka v
My3es-3anoBegHuka. Nccnegosatenn 13 UOulu cocpeoTounancs Ha obLeM KoHUenTyab-
HOM TMApOreoorM4YeckoM aHanmse cesanok. iccnegosatenn s KapHLU, PAH vsyyann noussl,
rMAPONOTUIO, 3arpsisHEHNE MUKPOMNAACTUKOM U B1MONOTNI0 PacTeHNT (PacTUTeIbHbIV MOKPOB)
3TUX y4acTkoB. B Kmxxckom My3ee-3anosegHuke 1 Boano3epckomM napke nccnejosannch Tep-
puTOpunK CBaNokK, a B Bognosepe npeimMeToM 3KONOMMYECKOro 1 NOYBEHHOro aHanmsa craam
TakXxe nojsepraroLymecs BbiTanTbiBAHUIO TYPUCTUYECKME CTOAHKN.

B yacTHOCTW, NpoBeAeHbl NCCeA0BaHWS MOUB Ha CTUXUIHBIX CBaIKaxX y AepeBeHb B pail-
OHe KMXCKUMX LLXep, a TakxKe Ha KpynHelilleil HecaHKLMOHUPOBaHHOL CBanike y AepeBHM
KyraHaBonok B Bogno3epckom HaumoHanbHOM napke. C Kaxzoro 06c/ie0BaHHOMO yyacTka
0TH6MpPanMCb NPo6bI MOYUB M OMPEeAEeNANoch CogepXKaHNe TAXeNbIX MeTann0B, Kak OANH 13
BaXXHeMLINX noka3saTesiell HeraTMBHOMO BO34eNCTBUA CBaKM Ha Noysy. Kpome Toro, KOHTPO-
NNPOBAnNCa TeMnepaTypHbIli pexnm, MPoBOAVNINCL CAHUTAPHO-BaKTepPUONOrMyeckme ncce-
AOBaHVA 1 onpezensinacb KUCIOTHOCTb MOYB.

MccnepoBaHWs MoKasanu, YTO MOYBbI Ha TEPPUTOPUL CBAIOK MO CPAaBHEHUIO C GOHOBLIMMU
noyYBaMu KOHTPOS XapaKTEPU3YHTCS NOBbILLIEHHBIMU 3HAUYEHUSIMIN pH, TO eCTb MPOUNCXOANUT
CHUXXEHMeE KUCIOTHOCTU. 3arpsis3HeHe NoyYB CBasiok 3aBUCUT OT cocTaBa Mycopa. He6onbluve
CBafKW, IMaBHbIM KOMMOHEHTOM KOTOPbIX ABASANNCE CTEK/ISHHbIE 1 NAaCTUKOBbIE BYThINKY,
NPeACTaBASOT MEHbLUYI OMACHOCTb, Tak Kak He ABSHTCA MCTOYHUKAMK 3arpsi3HEHNS
TSAXENbIMU MeTaNaMN N U3MEHEHUS CAHUTAPHO-TUTMEHMYECKUX NoKasaTeneit. B 1o xe
BpeMSsl, Ha CBasikax, r4e 6b110 HalZeHo 60/bLLIOE KOMYECTBO KOHCEPBHbIX BaHOK, FBO34€EN,
MPY>XWH 1 MPOYero Mycopa, CoAep>KaLllero YepHbIii 1 LBETHOU MeTan, 06HapyXeHOo NoBbI-
LLIEHHOe coZepXaHue psiia 3N1EMEHTOB - LIMHKA, MeAN 1 Mbllbska. Hanbonee kpyrnHas cBanka
Ha TeppuTopum Knxxckunx wxep (B 4. CeHHas y6a) ABASeTCs cepbe3HbIM UCTOYHMKOM 3arpsis-
HEeHVS NOYB TSXebIMU MeTannamu. 34ecb 06HaPYXXEHO BbICOKOE COAepPXaHMe MeAu, KagMus,
LMHKa, CypbMbl, 0/10Ba N APYTMX TSXENbIX MeTaloB.

MoBEPXHOCTHbIN C/ION NOYB Ha TEPPUTOPUN KPYMHON HEPYHKLMOHUPYIOLLIEN CBasIKL BO3fe
AepeBHN KyraHaBoJsiok B Boano3epckoM rnapke xapakTepusyeTcs BbICOKUM COAepXaHNEM
LMHKa 1N CBUHLLA MO OTHOLLUEHWIO K POCCUMCKNM HOpMaTUBaM. BbigBneHO Takxe npeBbllLeHne
npeaenbHO AOMYCTUMbIX KOHLLEHTpaLWi o/ioBa 1 cypbMbl. CaHUTapHO-bakTepuonornyeckme
nccnefoBaHMA NOKasanun, YTo YMCI0 3HTEPOKOKKOB B nouse B 1000 pas Bbllle HOPMbI,

a nHAekc BIKM (bakTepun rpynnbl KULLIEYHOR Manoukm) HAXOAUTCA Ha FPaHKnLLe AOMYCTUMbIX
3HaYeHnN.
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Takxe, Ha TeppuTOpPUM Boanosepckoro napka B MecTax Hanbonee NonyasipHbIX TYPUCTCKMX
CTOSIHOK MUCCNefoBanu BAUSIHVNE pekpeaunmn Ha dunsmnyeckme 1 BoAgHble CBOCTBA MOYB.
BbIsIBIEHO, YTO MPOUCXOANT U3IMEHEHME 3TUX NoKa3aTenel B 3aBUCUMOCTU OT MHTEHCUBHO-
CTW BblTanTbIBaHUS - yMeHbLLAeTCs cojepXaHue cBo6OAHONM Bnaru B noyBe, NPoONCXoamT
He3HaunTe/IbHOE YNIOTHEHME ee BEPXHUX C/I0EB, UTO OKa3bliBAET HEraTMBHOE BAUSIHME Ha
CHabXeHue KopHel AepeBbeB BNarol 1 NnuTaTesbHbIMU BeLLecTBamMu.

TeMnepaTypHbI peXnM NoYB CBaNOK 3HAUNTEIBHO OT/IMYAETCA OT KOHTPOS. DTO, B Nep-
BYHO Ouepe/b, CBA3aHO C M3MEHeHVeM XapakTepa Hamo4YBEHHOMO MOKPOBa, OTCYTCTBME
KOTOPOro Crnocob6CcTBYeT MPOrpeBaHnto NoYBbl Ha CBaskax. HanbobLue NOBbILLEHUS TEM-
nepaTypbl

XapakTepHbl 411 BEPXHETO C/1051 MOYB, @ B HUXENeXaLUNX roOpnu3oHTax BbisBlEHHAsA TEHAEH-
LNsi COXPaHSETCs, HO U3MEHEHUNsI MeHee 3HaunTesbHbIe.

B pamkax npoekTta SUPER 6111 NpoBeAeHbl CCNef0BaHNA pacTUTENBHOMO MOKpPOBa Typu-
CTUYEeCKNX CTOSIHOK 1 CBaNnoK B HaLMOHanbHOM Napke «Boanosepcknii» n apxmnenare Kuxu.

OueHKa COCTOAHMS XMBOTro HanouseHHOro nokposa (XKHI) Typnctnyuecknx ctoaHok (HI1
«Boano3sepckuii») nokasana, uto Ux paopa no BUAOBOMY pPa3sHOO6pPa3nNKD Pe3Ko OTANYaAETCH
OT ecTeCTBeHHbIX HeHapYyLUEeHHbIX IeCHbIX BblAenoB 1 6orade B 5,4-7,6 pas. Hapsaay c coxpa-
HeHneM pasHo0bpasnsa 6ONbLUNHCTBA TUMNYHbLIX 1€CHBIX BUAOB, dopa CTOAHOK MOCTOSAHHO
oborawiaeTcs 3a cHeT BHeApPeHUs LUMPOKO pacnpoCTPaHEHHbIX B PernoHe NyroBbIX 1 cop-
HbIX 91eMEHTOB.

Ha kaXxa0n CTOssHKe eCTb 30HbI C CUIbHOW, CpeHen 1 cnaboi cTeNeHbHo BbITanThiBaHUS.
Mnowaab 1 XxapakTep HapyLeHWn 3aBUCAT OT HaNNYNSA, PaCNoN0XEHWS U KoNnYecTBa 06b-
eKTOB MHGPaCTPYKTypbl (KOCTpOBULLE, beceskn, XO3MOCTPOMKM 1 AP.) BHYTPU MIOLAAOK, a
Takke TPaHCMOPTHON AOCTYMHOCTU CTOSHOK.

B 30Hax CMAbLHOrO BbITanNTbiBaHUSA pacTUTeNbHble CO0bLLecTBa TPaHCGOPMUPOBAHbLI OAHO-
TUNHO: NecHadA NOACTWIKa pa3pyLlleHa, NoYBkl BbIOUTHI 40 MHEPaNbHOIo rOpmn3oHTa, KOpHKU
JlepeBbeB Oro/ieHbl, TPaBAHO-KYCTaAPHNYKOBBIA 1 MOXOBO-NULLIANHNKOBBIA APYChl MpescTaB-
NneHbl eANHNYHO BCTPEYaOLWMMNCA BUAaMN, yCTOI‘/JI'«IVIBbIMVI K aHTPOMOreHHbIM Harpyskam.
HapyLueHnsa Takol cTeneHn HOCAT IOKaNbHbI/ XapakTep M He pacnpoCTPaHAKTCA 3a npe-
AeNbl CTOAHOK, T.K. 061aCTU BbITaNTbiBaHUSA pernaMmeHTNpoOBaHbI FpaMOTHOI7I paCCTaHOBKOVI
3/1eMEHTOB 6bITa. YYacCTKu C CUbHbIM (TOTaNbHbIM) BbITaNTbIBAHMEM XVNBOTO HAaMo4YBeHHOTO
nokKpoBa 3aHKMarT okoo 30-35% oT niowaan CTOAHOK.

B 30He cpegHeli cTeneHn BbITaNTbIBaHWSA XMBOW HaNMOUYBEHHbI MOKPOB dparmMeHTapeH, Kyp-
TUHbI PaCTUTENIBHOCTY COXPAHALIOT YepTbl PUTOLEHO3a, B Npejenax KoToporo pacnosoxeHa
CTOsIHKA. [NTaBHbIMW JOMWHAHTaMM OCTAOTCA /IeCHble BUAbI (UepHMKa, 6PYCHIKA, IyroBUK
N3BUANCTLIN 1 4p.). JaHHasa 30Ha 3aHMMaeT oT 50 go 70% n oTAn4aeTcs OT ABYX APYrnx
MOBbILEHHbIM YPOBHEM BMAOBOro pasHO06pasusa 3a cYeT NOsIBNEHWS COPHbIX N TYrOBbIX
BUAOB. HanouBeHHbIN NOKPOB B TAKMX 30HaX MOXET CYLLLeCTBEHHO OT/IMYATbCA Ha PasHbIX
CTOSIHKax B 3aBUCUMOCTM OT YCI0BUIA MeCTa Npou3pacTaHuna 1 BO3MOXHOCTeN 3aHOCa Anac-
Nop YyXepoAHbIX KOHKPETHOMY NeCHOMY COObLLIeCTBY BUAOB.
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30HbI C/1aboro BeITaNTbIBaHUSA Ha CTOAHKAX 3aHMMaroT 10-25% oT Bcelt naoLwaam 1 pacnosnoxe-
Hbl, KaK NPaBKo, Mo NepruMeTpy y4acTkoB. XXMBON HanmOYBEHHbI MOKPOB HapyLLeH TO/IbKO B
npegenax Tpon; NaoLajb BbITONTaHHOM noBepxHOCcTK 10-15%. Mpu coxpaHeHn CyLLeCcTBYHO-
LWMX pexriMa N MHTeHCUBHOCTY WCMOJIb30BaHNS, NA0LWaAb HapyLLeHHbIX y4acTKOB B npejesnax
TYPUCTUYECKUX CTOSTHOK CYLLLeCTBEHHO YBENUYMBATLCA He byaeT. JanbHelumne N3MeHeHus,
BEpOSATHO, BYAYT CBA3aHbI C 3aHOCOM abopUreHHbIX YroBbIX M aABEHTUBHbIX BUAOB.

®nopa ceanok Boanosepckoro HIM n Knxckoro apxmnenara oTan4yaeTcs cywecTBeHHO 60b-
WM (B 2-8 pas) pazHoobpasmem Nno CpaBHEHUIO C GIOPOM OKPYXKARKLLMX UX HEHAPYLLEHHbIX
NIeCHbIX CO0BbLLEeCTB. 3aKOHOMEPHO BbiLe YNCA0 BUAOB Ha CaMbIX KPYMHbIX cBankax (Kyra-
HaBonok, CeHHasd 'y6a), Toraa Kak Ha MUKPOCBanKax, yaaneHHbIX OT Hace/IeHHbIX MYHKTOB,
4YMCSI0 BUAOB B 2-3 pasa Huxe.

Ha Bcex cBankax B coctaBe ¢daopbl NnpeobnagatotT abopureHHble BUAbI, MPY 3TOM AONS HyXe-
POAHbIX (3aHOCHBIX) BUAOB MOXET 6bITb B 3-6 pa3 HMXe, UTO 3aBMCUT OT pa3MepoB CBaskKW, CO-
CTaBa 1 Konn4yecTBa Mycopa. PactutenbHble cooblyecTBa cBasok cGopMypoBaHbl, NpenmyLle-
CTBEHHO, 6opeanbHbIMU (TaeXHbIMU) TYFOBbIMU U N€CHBIMU BUAAMU. 3HAUNTENbHYH rpynny
(okono % Bcex BNAOB) COCTaBAAOT MMOHEPHbIe BUAbI (PyAepasnbHble, COpHbIe). NoCTOAHHbBIMUA
CMYTHUKaMM CBaNOK SABAAKTCS «berneubl U3 KyabTypbl» — AeKOPATUBHbIE U MULLEBbIE BUABI
pacTeHu, NonynspHble y HaceneHms Ha NpuycagebHbix ydacTkax (YKpon naxy4unii, kapTo-
denb KNybHEHOCHBIW, NyK penyaTbiii 1 4p.). Ha cBankax oTMeYeHbl YeTbipe NHBA3VBHbIX 415
Kapenun Bnga: 6y3rHa 0bbIKHOBEHHAs, KUNpel xenesncroctebenbHbll, HEJOTPOra Xenesko-
HOCHasi, A6/10HS JOMALLHAS.

N3yyeHo cofepxxaHme MUKPOMIACTMKa B AOHHbIX 0CaZkaX BOAHbIX 06beKTOB 0C0b0 oxpa-
HAEMbIX MPUPOAHBLIX TEPPUTOPUI - HaLMOHAaNLHOro Napka «Bognosepckuin» (03. Bognose-
po) 1 my3ses-3anoBegHuKa «Kmxm» (Kuxckme wxepbl OHeXCKOro o3epa). Bcero otobpaHo u
06paboTaHo 9 Npob AOHHbLIX OTNOXEHUN. Bo Bcex npobax 6b11 06Hapy>XeH MUKPOMNAaCTUK.
B Kmckmx wxepax ero cpegHee cogepxaHvie coctasnno 3413 + 1965 wT./Kr cyxoro seca
0CafKa, YTO HEeCKOJIbKO BbllLe, YeM paHee 6b1J10 onpegeneHo Ans MNeTpo3aBoiCcKoi rybbl 1
OTKpPbITOM YacTn OHexXCcKoro osepa. MakcnmMmanbHoe cogepXaHue MMKponacTnka obHapy-
XEHO PAAOM C MMaBHbIM MNacCaXXMPCKUM NpruyanomM Myses-3anosegHuka «Kmxmx». CpegHee
coZiepXaHme MUKponaacTuka B JOHHbIX ocagkax 03. Bognosepo coctasuno 1506 + 845 wr./
Kr. MoBbILLEeHHOEe cofepXXaHe MUKPOMIacTnKa B JOHHBIX 0CajKax 0CO60 OXpaHAeMbIX Npu-
POAHbLIX TEPPUTOPUIA, BUAMMO, CBA3AHO C ero NocTyrnjieHnem co CTOYHbIMU BOAAMU U pas-
pyLLeHVeM KPYMHbIX N1aCTUKOBbLIX 06 beKTOB B 6eperoBoil 30He 1 Ha HeEOPraHM30BaHHbIX
CBanKax, C mocsieAyoLmM NOoCTynaeHneM BTOPNUUYHOIO MUKPOMAacTUKa B BOAHbIE 0O beKThI C
NOBEPXHOCTHBIM CTOKOM.

Takum obpasom, Hanbonee akTyanbHbIMU NPo6AEMAMU, CBA3AHHbLIMW C OTXOAAaMU, Ha 0beunx
Tepputopuax ("Boanosepcknii" n "Knxn'"), ABNSOTCA He3aKoOHHOe CKaAnpoBaHmMe OTXOA0B

M HefoCTaTo4vHO 3ddeKkTMBHAA cnctemMa obpalleHms ¢ otxogamu. Kpome toro, npobaemsl

C OTXOAaMW BO3HUKAIOT 1N3-3a@ 3HAUNTENIbHOIO NOTOKa TYPUCTOB, PACTYLLLEro YnNcaa AadHblX
XO035ACTB, N06UTENBCKOro PbI6ONOBCTBA (a TakXKe, 0TYaACTW, MPOMbILLUNEHHOIO PbIGONOBCTBA B
Boganosepe), a Takke HEAOCTAaTOUHOM 1, UTO BaXHO, YCTapeBLUel CMCTeMbl 06paLLeHnst C OTXO-
famu. Mpu 3ToM, ypoBeHb pasBUTUA MHGPACTPYKTYPbI TEPPUTOPUIA He BCerga MoxeT obecne-
UNTb JOCTAaTOYHYHIO 1 YCTOMUMBYHO CUCTEMY OBpaLLLeHNst C OTXO4aMMU.
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Ha npumepe Tepputopumn Pokya B PUHAAHANM NOKa3aHO npumeHeHne noaxoza DPSIR (mo-
AVMPULNPOBAHHOIO HA OCHOBE MNPOBELAEHHOIO MY/IbTUKPUTEPNASIBHOTO aHaNN3a PeLLeHmnin)
ANA BbISBNEHNA CBA3EV MeXAY Pa3/INUYHbIMU acrnekTaMu OXpaHaeMoro yydacTtka noj3eMHbIX
BOJ C CE30HHbLIMW MOHMXKXEHVAMM YPOBHSA 1 MOAXOAaMN K YNPaBAEHWIO 3TVUM yY4acTKOM. 3TOT
MeTOo/ CO3JaeT YyNopsaf0UeHHYH KapTUHY CBA3el MeXy O3epPHbIMU 3KOCUCTEMaMW, FPyHTO-
BbIMW BOZAMW 1 3eM/1eM0/Ib30BaHMEM, YTO MOMOTraeT rnpu obCcyxaeHnn npobnem skcnepra-
MW, 3aNHTEPEeCOBaHHbLIMY CTOPOHaMU, MECTHBIMU XUTENAMWN U PErOHaNbHbIMY BIACTAMMU.

MogennpoBaHue - 3TO MOLLHbINA MHCTPYMEHT AN aHaNM3a pasfnyHbIX CLLeHapueB yrnpas-
NneHunsi. KntoueBoi YacTblo NpoLecca MoAeNpoBaHma aBAseTcs pa3paboTka KoHLenumm
KOHKPETHOTrO y4acTka v N3y4YeHHOM rmAporeonornyeckor guHammkn, KoHuentyanmsayms
B paMKkax MoZenn noA3eMHbIX BoZ B POKya M3yyanack B KayecTBe MHCTPYMEHTA A5t CO-
BEPLUEHCTBOBAHWSA YNpaBieHUs TepPUTOpUE. 3To NOMOII0 CRaHNPOBaTb MOHUTOPUHI
N3yyaemMoli CUCTeMbI AN MONlyYeHUs Hanbonee MHGOPMATUBHBIX JaHHbIX U caenaTb cucTe-
My 6oee HarnsaAHOM Ans fanbHenwero o6CyXaeHus. 3TO KAOYEBON LWar A5l MOCTPOeHUs
pabouyeit MoZenu, B KOTOPOI OCHOBHbIE AMHAMMNYECKNE MOoKa3aTeNn CMCTeMbl NpeacTaBne-
Hbl Ha HY>XHOM YpPOBHe AeTann3auunu.

B cnyuae c Pokya, 66111 n3y4yeHbl pa3inyHble CLeHapum 3eM1enonb30BaHus, Kak 0CHOBA
AN NPUHATUA yrpaBaeHYecknx peweHunia. LnpokomacluitabHoe BOCCTaHOBAEHME OCy-
LEHHOV TEPPUTOPUM NyTEM 3aCbINKN 3HAYUTENBHOW YacTu SPeHaXHbIX KaHan0B Mo BCel
OXpaHsieMOW 30He B HacCTosILLiee BpeMsi MOXeT paccMaTpuBaTbCs Kak UpesmepHas Mepa

C HeACHbIM 3P deKTOM 1 3aTpaTamMu, NPEBbLILLALWMMMY BbIroAbl. HECMOTPS Ha TO, UTO 3TK
Mepbl CHUTANNCh MPUeMAEMbIMU, IKOHOMUYECKNE NOCNeCTBUA MaKCUMabHOro NoHMXe-
HUS1 YPOBHS BOAbI ANs1 chepbl TYpPU3Ma ABAAKTCA NPEXOAALLVMUN U MMEKOT MeCTO TO/bKO B
3acywnmeble nepuogbl. NpobHble paboThl MO 3ackbinke KaHaB Ha YacTu BOAOCOOPHON Teppu-
TOPUM MO Bbl CMOCO6CTBOBATL MOHUMAHUIO TOTO, HACKONLKO 3PdEeKTUBHEIM ByaeT 3TOT
meToa. Kpome Toro, noaxoA no MoAenMpoBaHMo NOA3EMHbIX BOA, UCMONb3yeMblii B Pokya,
6bIN10 6bl UIHTEPECHO MPUMEHUTbL AN BOLOHOCHOIO rOPU30HTa MEeHbLLUEro pasmMepa, ¢ njio-
Wajblo NOANUTKM MeHee 5 KM. B ManbIx BOAOHOCHLIX 30Hax BO34eNCcTBME 6ONOTHbLIX OCYLLUU-
Te/bHbIX KaHaB MOXET OTINYATLCA B 3aBUCKMMOCTM OT MacluTaba.

DPSIR-aHann3 Ha 06bekTe B3CK B PUHAAHAMN BbIN COCPEAOTOYEH Ha 0bpaLLeHNN C TBepAbl-
MU 6bITOBbIMUK OTX0famMun (TBO). AHann3 nokasasn, YTo, HeCMOTPSA Ha POCT NONYAAPHOCTA U
CMpoOCa Ha OTAbIX HAa NPUPOZE U POCT YKMCNa NoceTUTeNnel HauMoHanbHbIX MapkoB B Npeje-
nax b3CK, He 6b1/10 BbISIBIEHO KakMX-1M60 Cepbe3HbIX BO3AENCTBUIA Ha OKPYXAIOLLYIO cpesy,
cBsi3aHHbIX ¢ TBO. O6palleHre C OTXOAaMU B JaHHbBIX HALWOHAaAbHbBIX MapKax B 3HaYNTE b-
HOW CTeNeHn JepXNTCA NOJ KOHTPOJIEM, @ UX BO3JEelCTBME Ha COCTOSHME OKpYXKatoLL el
cpefbl Kak BHYTPW HaLMOHabHbIX MAapPKOB, TaK 1 Ha NMpUAerarLLx TEPPUTOPUSX B Nnpege-
nax 6rnocdepHoro 3anosegHNKa MMHUMaNbHO. OAHaKo, OCHOBHAsA LeHHOCTb TepPUTOPUN C
TOUKMW 3pEHNS ee NCMONb30BaHNA NOCeTUTENAMUN N HaCeleHNEM COCpeoToYeHa IMHENHO
BAONb NeLlNX MapLLIPyTOB, BOAOEMOB N OXPaHAEMbIX TEPPUTOPUIA. AKTUBHOE MPOABUXKEHNE
pervioHa Kak yrojka YncTon Npupoabl Takxe TpebyeT BbIMOJHEHWS 3TOro obelaHns nepeg
TeMU, KTO ctofa npuesxaet. 115 3TUX UCMbITbIBAOLLMX HAarpy3Kn y4acTKoB TpebyeTtca npo-
CBelleHMe Kak noceTuTenen, Tak 1 XunTtenen no BONPOCcaM BaXXHOCTN COPTUPOBKN Mycopa ¥
NPaBUIbLHON YTUAN3ALUN OTXOAOB.
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Bonee TOro, yunthiBas NPUHATBLIN cLeHapuii pa3suTua b3CK, npegycmaTpuBatoLwwni Herpe-
PbIBHbIV POCT YMCNa NoceTUTeNel, TekyLme NaaHbl NO Pa3BUTUIO chepbl TypU3Ma 1 ANHeN-
HOe pacnosioXeHne LeHHOCTel 3eM/1enonb30BaHna ANA noceTuTenein N HaceneHus 3Tom
TeppuTOpPUM, HEOBXOANMO YAENATb 3HaUNTEIbHOE BHIMaHMe TOn POn, KOTOPYHO MOTyT
NUrpaTh XUTeNN N TYPUCTBI, a TakKe MHCTPYMEeHTaM (HanpumMep, HagexHoe PrHaHCMpPOBaHMe),
KOTOPbIe MOTYT MOMOYb PYKOBOAUTENSAM TYPUCTCKUX 06EKTOB B MPUHATUN HYXHbIX Mep.

C TOUKM 3peHuns ynydlleHns GYHKLNOHNPOBAHWSA 1 MOBbILLEHWS 3KONOTMYHOCTY 06palle-
HWSI C OTXOAAMMN Ha OXPAHSIEMbIX MPUPOAHbLIX TEPPUTOPUSX OCHOBHOU NMpo6iemMoit aBnsieTcs
CoBepLUEHCTBOBaHMe NHGPACTPYKTYpPbl U NOTUCTUKNU. Hanpumep, Ans My3es-3anoBeAHnKa
«Knxuv» 6yseT NosesHo HanaAnTb BbIBO3 OTXOA0B - BNOXEHUS B BOAHbIN TPAHCMOPT MOTyT
YAYULINTb CUTYaLMIO C OTXOAAMM He TOIbKO Ha CAMOM OCTPOBE, HO 1 B 3aLUUTHOW 30He
My3esi-3anoBesHuKa. HIM «Boaio3epckuii» Takxke MOXET BbIUFPaTb OT OpraHu3aunm nepe-
BO30K Yepe3 03. Boanosepo. YTobbl HaliTK Hanny4llee pelleHne Ans TPaHCMOPTUPOBKYN U
06pallleHsa C 0TXOAaMU Ha JaHHbIX TEPPUTOPUSIX, HEOBXOANMO MPOBECTU MNOAPOBHbIE U
TWaTeNbHble NCCNef0BaHMSA, @ Tak)Ke OLLeHUTb KOMYEeCTBO OTXOA0B U nX Gpakumii Ana Haa-
nexallero niaH1MpoBaHus 1 onpejeneHns onTMManbHoro Maclutaba 6onee ycToiumBoii
cucTeMbl obpalleHuns ¢ OTX0AaMMU.

Pe3ynbTathl KOMNaekcHoro DPSIR-aHann3a, NnpoBeAeHHOro Ha BbI6paHHbIX 06bekTax,
CBNAETENbCTBYOT O HEOBXOANMOCTM MOCTOAHHOIO MPUTPAHNYHOIO COTPYAHNYECTBA, Kak
cnocoba obmeHa nHpopMaLmen n ngesamu, onbITOM 1 NepesoBbIMN NPakTUKaMn B 06iactu
obpalleHnsa C OTX0AaMU 1 YMPaBaAeHWs BOAHbIMY pecypcamMm Ha OXPaHsAeMbIX MPUPOAHbIX
TeppuTopmnax.
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Uenbto npoekTa SUPER 6b1710 co3iaHMe YCNOBUIA AN1S MOBbILLEHWS 3KO0TMYECKor yCTonun-
BOCTU MUNOTHbIX TEPPUTOPUIA, PacloNoXeHHbIX B Poccninckon ®egepaumn v B8 PUHAAHANN,
HeCMoTps Ha CyllecTBytoLme npobiembl. B oTueTe npegcTaBneHa nogpobHas nHGopmauns
0 NOBOYHbIX 3KONOrnyeckmnx adpdekTax Typrama BCeCTBNE NMHTEHCUMBHOW pekpeaLmoH-

HOI Harpy3ku (B YaCTHOCTW, OTXOAbI, 3BTPOPMKALMA BOAOEMOB, HapyLLeHMe naHAWapToB U
pPacTUTENbHOCTY, 3arpA3HeHe MUKPOMNIACTUKOM U T. A.) OTAENbHO AN KaXA0W U3 MUAOTHBIX
TEppVITOpI/II7I, TakK KakK X TekyLiee COCToaHne 1 r|p06ne|v|b| oTanyarotcs. OCHOBHbIe BbIBOAbI A
pekoMeHAaLNM Mo KaxA0n U3 YeTblpex TeppUTOPUIA KPaTKO NpeAcTaBfieHbl B 3TOW rnaBse.

Ansa ob6bekToB Knxxkn n Bognosepo nposegeH aHanms no cxeme DPSIR (gBuxyLLme cunbl,
HarpysKku, COCTOsIHME, BO3AeNCTBMe, pearnpoBaHue). Llenb DPSIR-aHanmn3a 3Tux o6beKToB -
NOMOYb MECTHbIM PYKOBOAUTENAM, HAaCeNeHNIO N 3aUHTEPeCcOBaHHbIM CTOPOHAaM MOHATb, Kak
pa3nyHble ABUXYLLNE CAMbI MOTYT BAIMATL Ha MECTHYH 3KOHOMMUKY, U KaK Mepbl pearnposa-
HUS BANSAIOT Ha TekyLlee COCTOSHME OKpYXatoLLel cpebl 1 6a1arononyyme MeCcTHOro Hacene-
HNA U COTPYAHWKOB.

B KauecTBe OCHOBHbIX ABUKYLLUX cUn 1K NoTpebHOCTen HaceNneHnst N 3aMHTEepPeCcoBaH-
HbIX CTOPOH Ha apxunenare Ku>kn 6b11v onpegeneHbl ciegytoLlme: SsBeHns, CBA3aHHble C
YCTOMUMBBLIM POCTOM TYPUCTCKO-PEKPeaLOHHOM AeaTeNbHOCTL (pblbanka, AaYHVIKK U T. 4.);
B pe3y/ibTaTe NOoBbILLEHUS KayecTBa XU3HWN (Knnbe/javmn, TpaHCNopT, B TOM YMc/e nias-
CPeACTBa, OTAbIX); BMECTE C POCTOM JINYHOTO U XO3ANCTBEHHOrO NOTPebAeHMs; POCT MENKOro
depmepcTBa 1 CeNbCKOro X035NCTBa.

C y4eTOM OCHOBHbIX JB/XYLLMX CUA, BbIN BbiSBAEHbI ClefytoLLme aHTponoreHHble Harpysku:
WHTEHCMBHbI TPAHCMOPTHBIN NOTOK 13-3a8 OAHOAHEBHbIX TYPUCTUYECKMX Moe340K Ha "MeTeo-
pax" n3 MNeTpo3aBoAcka U O4HOAHEBHbIX NOCELLEHWI KPYU3HbIX CYA0B CO BCell Poccnm (0cobo
WHTEHCUBHbIV B neTHU nepuoa); B 2010-2019 rr. rnaBHbIN ocTpOB nocewann 142-194 Teic.
TYPUCTOB €XeroHo 1 3TO YNCI0 NPOAO/IKAET pacTu; PacTyLlee KONNYECTBO XnUba/aauy (B T.4.
CTPOSALLNXCSA), aBTOMOBUAEN N NNAaBCPEACTB, PbibakoB, Uncia Nnoxo4oB; HaceneHve ToNbKO
rNaBHOro OCTpOBa cocTasnseT 60 Yenosek 31Moi 1 300 neTom; OTXOAbl INYHOTO U X035 IA-
CTBeHHOro notpebneHus (B 2019 rogy BbiBe3eHO 88 TOHH, B TOM yunce 2,8 TOHH OTCOPTUPO-
BaHHbIX OTXOA0B); YMepeHHoe 3arpsisHeHne HedTenpoayKTaMm 1 ONacHbLIMK BellecTBamMun n
COOTBETCTBYHOLLME pUCKU; Menikoe depMepcTBO U CeNbCKoe X035NCTBO.

CocTosiHMe oKpY>KatloLeli cpeAbl 06bekTa Kuxy Npuban3nTeNbHO OLEeHNBANOCh Cleyto-
WM obpasom: CoCcTosiHME MOBEPXHOCTHOM, FPYHTOBOW 1 MUTLEBOIN BOAbI - HU3KUIA YPOBEHb
3arpsisHeHus; CoCTosiHME 3arpsi3HeHUst MOYBbl PeAKO3eMeNIbHbIMY 31IeMeHTaMK, TAXeNbIMU
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mMeTannamu/TM, a3oToM, BUOreHHOro 3arpsa3HeH s (T.e. MOBbILWEHHLI ypoBeHb docdopa,
pUCK 3BTPOPUKALINL) - NOBbILLEHHbIE YPOBHW Ha HEKOTOPbIX y4acTkax; Mnmkponnactuk - no-
BblLLEHHbIN YPOBEHb Ha HEKOTOPbIX y4acTKax (BbllLe BCero y rnaBHoro npmuyana o. Kuxm

- CaMblii BbICOKWT NokasaTtesib No OHexckomy o3epy); CocTosiHMe Bog KMXCKMX LXep - nepu-
oanyeckne npesbiweHus MNAK no HepTenpoaykTam 1 6ruoakkymynauum TM; SkocncTems -
MeCTaMUn Hannume 3aHOCHbIX/UHBA3BHbIX BUAOB pacTeHUiA.

BbilweynomaHyToe CoCTosiHME MOXET OKa3biBaTb Bo3aeiicTBME(A) Ha KaUeCTBO IKOCUCTEM

n 6narononyuyne ntoger Ha Kuxax, a MMeHHO Ha: MNpuBnekaTenbHOCTb pervoHa; oxoabl oT
Typr3Ma; DKONOrnMYeckmne TeHAEHUUN 1 NPOCBeLLeHe HaceneHus; n CoumanbHoe 6naronosny-
yne COTPYAHNKOB My3es-3arnoBeAHMKa, JaUHNKOB Y MECTHbIX XUTene.

MoryT 6bITb peKOMeHA0BaHbI cegytoLne Mepbl PearupoBaHus, TO eCTb KOMM/IeKCHble
AeliCTBMA CO CTOPOHbI 06LLecTBa 1 ynpaBneHueB: Co3aaHuve niaHa no coBepLleHCTBOBaHMIO
yrnpaBaeHNs 0TX0A4AaMUN N BOAHBIMY pecypcamu (CHabXXeHre, NCNoib30BaHWeE, IOTUCTUKA U A0-
POXHble ycnoBus); JINKBUAALMSA CTapbIX CBAJIOK, 3aKpbITUE AeACTBYOLLMX HE3aKOHHbIX CBaNOK
B OKPECTHbIX AepeBHsX; HapalyBaHme COPTUPOBKM BbITOBbIX 1 MPOMbILLAEHHbLIX OTXOA0B,

a Takxe KOHTPO/Ib M MOHUTOPUHT cOpOoca, PacTBOPEHMS U OUMCTKN CTOYHBIX Bog,; Mpoaon-
XEHWNE 3KONOrNYEeCKNX NCCNEA0BAHUI 1 MOHUTOPWHIA, B YaCTHOCTW MO PeaKo3eMesbHbIM
3/1eMeHTaM, TSXKeNbIM MeTanaM, 61MOoreHHbIM BeLLLeCTBaM U MUKPOMIACTMKY B BOAE U MOYBE,
a Takxke 6uonornyeckme nccneaoBaHus; NocTosiHHoe ynydlieHmne NHGPaCcTPyKTypbl 3KON0T -
Yyeckoro Typu3ama; NpoAoKEHNE IKONOTNYECKMX CEMUHAPOB A/1S COTPYAHMKOB 1 HaCeneHus;
MpogonxeHne paboThbl 3KONOTMYECKNX BOSIOHTEPOB MO PACUNCTKE U YAANEHWIO HE3AaKOHHbIX
CBaJIOK OTXOA0B B AepeBHsX; MpojonxeHre paboTbl N0 NPesoTBPALLEHNIO 3arpsi3HeHs U ro-
TOBHOCTU K 1OKaNM3aLMMN BO3MOXHbIX 3KOJIOMMUYECKUX PUCKOB NpK pas3nvee HedpTenpoAyKTOB,
BO3/elCTBMM ONAaCHbIX BELLECTB, 6bITOBbIX U JIECHbIX MOXapax.

B kauecTBe 0CHOBHbIX [ABVKYLLUX cun Uan MNoTpebHOCTen HaceneHns 1 3aMHTepecoBaH-
HbIX cTOpOH B HM «Boanosepckunia» 6111 onpegeneHsl cnegyowme; NoTpebHOCTY U AB-
NeHns, CBA3aHHbIE C KOHTPOAMPYEMbIM POCTOM TYPUCTCKO-PeKpPeaLMOHHOM AesaTelbHOCTH

Ha 0cob60 oxpaHaeMol NpupoaHoI TeppuTopum (OOMT) (MoxoAbl, OTAbIX Ha BOAE, pblibaska,
JAYHVIKM U T. 4.); B pe3y/ibTaTe NOBbILLEHWA KauecTBa XU3HU (Knbe/gayun, TpaHCnopT, B TOM
yncne NaBCpPesCTBa, OTAbIX); BMECTe C KOHTPONPYEeMbIM POCTOM JINYHOIO N XO3UCTBEHHOIO
noTpebaeHns; a Takke poCTOM Mefikoro gepmepcTBa 1 CebCKOro X03AMCTBa.

C y4eTOM OCHOBHbIX JABXYLLUMX CUA, BbINV BbISIBAEHbI C1efytoLLne aHTponoreHHsble Harpysku:
MocnegHme 15 KM rpyHTOBOW JOPOrY C aKTVBHBIM [B/XEHVEM HAaXOAATCA B «y0BNeTBOPUTEb-
HOM>» W/IN «MJIOXOM» COCTOSIHUW, @ Ha NepBbIX 45 KM rpyHTOBOW Aoporu o AepeBHU KyraHasosor
Hab4ATCA MPU3HAKM N3HOCA; YMepeHHbI 1 XOPOLLO KOHTPOMPYEeMbIi BOAHBIM TpadurK (BK.
TPaHCMNOPT, II06UTeNbCKOe N MeNKOMaCLUTabHoe pbl600BCTBO, akBakyNbTYpPY); YMepeHHbI 1
XOPOLLO KOHTPOANPYEMbI TYPUCTCKNM NOTOK (6 ThICAY MOCELLEHNI eXeroAHo); YMepeHHbIn 1
XOPOLLO KOHTPOAMPYEMBbIV POCT KOIMYECTBA XUNbA/Aau (B T.4. CTPOSALLMXCS), aBTOMOGUEN 1
NnaBCPeACTB, pbibakoB, YMcia NoxoAoB; HaceneHre oCHOBHOWM fepeBHW KyraHaBoioK 1 Teppu-
TOPWM HaUMOHaNbLHOro napka cocraengeT 400 yenosek 31Mol 1 2000 netom; OTX0Abl NMYHOIO
1 XO35IICTBEHHOr O NoTpebneHus (exeroaHo BbiBo3nTcs 600 M3 0TX0A0B, B TOM yunce 0,5 TOHH
OTCOPTUPOBAHHbIX OTXOA0B); HN3KNI ypOBeHb 3arpsasHeHns HedgTenpogyKTaMmn 1 onacHbIMU
BeLL,eCcTBaMu 1 COOTBETCTBYHOLLMX PUCKOB; Menikoe ¢epmMepcTBO 1 CelbCKoe XO35CTBO.
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CocTosiHme okpy>KatoLiend cpeabl HIM «Boano3epcknin» oLeHnBanocb cnesytoLm obpasom:
CocTosiHME NOBEPXHOCTHOW, FPYHTOBOM 1 NMNTbEBOW BOAbI - HA3KMIA YPOBEHb 3arpA3HeHus;
CocTosiHMe 3arpsA3HeHNs MOYBbl peAKo3eMe/IbHbIMY 31eMeHTaMu, TAXeNbIMU MeTannamu/
TM, a30TOM, 6UOreHHOro 3arpsA3HeHuns (T.e. NOBbILWEHHbI YpoBeHb pocdopa, puck aBTpodu-
Kauuun) - ymepeHHble 1Y NOBbILLEHHbIe YPOBHW Ha HEKOTOPbIX y4acTkax; Mnkponnactuk -
MOBbILLIEHHbI YpOBEHb Ha HEKOTOPbIX y4acTKkax Mo CPaBHEHUIO C POHOM; IKOCUCTEMBI - Me-
CTaMu Hannyme 3aHOCHbIX/MIHBa3UBHbIX BUAOB PacTeHN.

BbiweynomsiHyToe CoCcTosiHME MOXET OkasbiBaTb BosaeicTBUe(s1) Ha KavyeCTBO 3KOCUCTEM

n 6narononyuyuve nogeri B HIN «Boanosepckunii», a UMeHHO Ha: MNprBnekaTebHOCTb PErvoHa;
Joxoabl OT TYypU3Ma; SKONornyeckne TeHAeHUMY N NpocBeLLeHmne HacenieHus,; n CounanbHoe
6naronony4yme COTPYAHWUKOB Mapka U MeCTHbIX XUTenen.

MoryT 6bITb pekoMeHA0BaHbI cnegytoline Mepbl PearupoBaHus, TO eCTb KOMMIEKCHbIe
AeCTBUSA CO CTOPOHbI 06LLLeCTBa 1 ynpaBneHLes: Co3gaHme niaHa no coBepLUEeHCTBOBAHNIO
ynpaBaeHnst 0TXo4aMun 1N BOAHLIMK pecypcamMi (CHabxeHre, NCcnosib3oBaHme, IOTMCTUKa U
JOPOXHbIe ycnosus); JINKBUAALMA N peKyTbTUBaLMA HedyHKLMOHUPYOLLLEe He3aKOHHOM
cBankwn y sepeBHu KyraHaBonok; HapalinBaHme COPpTUPOBKYN HBbITOBLIX 1 MPOMbILLIEHHbIX OT-
XOA0B, a TakXXe KOHTPOb 1 MOHUTOPUVHI C6pOCca, PaCTBOPEHUS N OYUCTKN CTOUHbIX Bog; Mpo-
[LOMKEHMe 3KONOrMYecknx NccnefoBaHMn 1 MOHUTOPUHTA, B YaCTHOCTY MO peAKo3eMe/lbHbIM
3NeMeHTaMm, TAXeNbIM MeTannam, 61MoreHHbIM BeLLecTBaM 1 MUKPOMIACTMKY B BOZe U NMoYBe,
a Takxe bronornyeckne nccneoBaHus; NocTosHHoe yaydlleHne MHPPaCcTPYKTypbl SKOOTrn-
Yeckoro Typu3ma; NpogomKeHne 3K0N0rnMyYecknx CeMUHapPOB A1 COTPYAHMKOB 1 HaceneHus;
MpogosixeHne paboThbl SKONOrMNYECKNX BOIOHTEPOB MO PaCUNCTKe U YAANEHNIO HE3aKOHHbIX
CBa/IOK OTXOA0B B AepeBHsX; [pogonxeHre paboTbl MO NpesoTBPaLLEHUNIO 3arpsA3HeHs 1
FrOTOBHOCTU K JIOKaAM3aL MM BO3MOXHbIX Pa3NNBOB HepTenpoayKTOB, BO3eNCTBMSA OnacHbIX
BeLLeCTB, 6bITOBbIX U I@CHbIX MOXapOoB.

Kak 6b1n0 BbISIBNEHO B MpoLecce NpoBeAeHHbIX MOYBEHHbIX UCC/Ie40BaHUINA, MOYBbLI HECAHK-
LMOHNPOBaHHbIX cBanok TEO, pacnonoXeHHbIX Ha N3yYaeMbIX TEPPUTOPUSIX, COMTacHO
nonoxeHuto «O Nopsigke onpejeneHNs pa3MepoB yLlepba OT 3arpsa3HeHrs 3eMeflb XUMmnye-
CKVMMW BeLLecTBaMmM», OTHOCATCA K KAaTeropuu € HU3KMM YPOBHEM 3arpsasHeHus. MNpeanara-
FOTCS Cnesyrolle pekoMeHAaunmn - IMKBUAALLNA CBANOK, @ MEPOMPUATASA MO pekyNbTUBaLNN
Nydlle NpeaaoXuTb Nocae oMNoAHUTEbHOro 6onee TWaTeNbHOro caHUTapHO-NapasnToo-
rMYeckoro aHanmsa TeppuTopumn. B Toxe Bpems, BbISIBAEHO, UTO JaXke He6OobLIVE MO pa3me-
py HeCaHKLMOHMPOBaHHbIE CBaAKM MOTYT HECTU ONAacHOCTb A/1s1 OKpYXatoLLel cpejbl, B TOM
yncne AN YenoBeka. B cBA3M € 3TUM, cnegyeT 60/bLUe BHAMAHUS YAeNUTb 3KON0TMUYeCKoMy
NPOCBEeLLEHNIO MECTHOIO HaceeHUst U TYPUCTOB, MPUBJIEUEHUNIO BHUMaHWS BRacTel 1 cogeii-
CcTBOBaTb POPMUPOBAHUIO MHPPACTPYKTYPbLI, CMOCOBCTBYHOLLLEN paLVOHaIbHOMY MPUPOAO-
NoJ/SIb30BaHWIO Ha TEPPUTOPUAX M3yYaeMblX 06HEKTOB.

B uenom, 6narogapst HanaxeHHo MHGPaACTPYKType, pekpeaLmoHHas Harpyska He okasblBaeT
3HAUNTENIbHOr0 BO3AECTBUSI Ha CBOMCTBA MOYB U APYrUX MPUPOAHBLIX 06BeKTOB. [Insi CHUXe-
HWUSI HEeraTVMBHOIO BO3/ENCTBUA pekpeaLm Ha OKPYXXatoLLyHo cpejy, B YaCTHOCTW Ha MOYBbI,
AaHbl CresytoLLe peKOMeHAaL MM Mo YCOBEPLLUEHCTBOBAHWIO peKpeaLoOHHbIX 30H:

1. O6opyaoBaTb MecTa /151 ManaTok, TO eCTb YCTAaHOBUTb AepeBAHHbIE HAaCTU/IbI, YTO
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NoMOXeT n3bexaTb YJIOTHEHWS MOYB U BbITanTbIBaHNA HAaMOYBEHHOro MOKPOBa Ha
CTOSIHKaX.

2. MapknpoBaTb Hanbonee NoNynspHble Y TYPUCTOB TPOMbl, YTO MPUBOAMT K CyLLIECTBEHHOMY
COKPALLLEeHNIO KOIMYeCTBa albTEPHATUBHbIX TPOM U, KaK CNefCcTBUE, K CHUXKEHWIO
CYMMapHOW ANrpeccun.

3. YCTaHOBUTb Ha CTOSHKaX AOMNONHUTE/IbHble MHGOPMALIMOHHbBIE LWUTLI C NpaBuiamMum
noBejeHns Ha TeppuTopun 1 nHGopmaumein o6 oxpaHe NpPUpPOAbI (YTUAM3aLMA Mycopa,
NpoTUBONOXapHasa 6e30MacHOCTb, 3aL1Ta AepeBbeB OT MNOBPEXAEHNUN 1 T.4.).

4. BpeMeHHO orpajuTtb Hanbonee KpyrnHble COXPaHMBLUMECA B MpeAenax TYpuCcTuyeckmnx
NAOLALOK NecHble KypTuHbI (1,0x1,0, 3,0x3,0 M 1 4p.), HAaNnpumMep, APKUMU JIEHTaMU,
4YTOObI NPEeAOTBPATUTbL NX AajibHelLIee BbiITanTbiBaHVe 1 HeObpaTUMYyo TpaHCchopMaL Mo
NnecHoro coobuecTsa. [Mpy akTUBHOM MCMONb30BaHNN CTOAHOK, Takme KYpPTUHbI cnegyeT
orpaxgatb Ha 1-2 roaa, YTo6bl X1BOW HaMOYBEHHBIV MOKPOB yCreBas BOCCTAHOBUTBLCS.

5. CBoeBpeMeHHO NNKBUAMPOBATL BblBASAEMble HECAHKLMOHMPOBAHHbIE MUKPOCBANKK, T.K.
OHW YacTo ABNAOTCA OTMPABHLIMY TOUKAMW ANA pacCeNeHns Yy>XXepoaHbIX (MHBA3VBHbIX)
BUAOB COCYANCTbIX PAaCTEHNIA, MHOTE N3 KOTOPbIX MPOABAAIOT arpeccuBHY CTpaTeruto
BbIKVBaHWS.

6. lNpw BbIABNEHUN B PervoHe KPYMHbIX 04aroB MHBAa3VBHbIX BUAOB (HanpuMep, HegoTpora
XenesKoHOCHas, anojes kaHaackas, 6opeBnk COCHOBCKOr0), peKoMeHAyeTcs YAaNATb NX
KaK MOXHO paHblLe, 0 MacCOBOr0 paccefieHuns.

7. Ang rpamMoOTHOro NPOrHO3MPOBaHUA CUTYaLMK, CBA3aHHOW C MHBAa3VBHbLIMUW BUAAMU, U
NOHWUMAaHWA CTpaTernm BO3MOXHOIO UX «NOBEeAEHUSA» Ha TePPUTOPUM pecnybankm B
byayLLeM, TpebyeTcsa perynspHblii 60TaHNYECKNA KOHTPOb TakMX MeCTOObUTaHUIA, Kak
CBa/IKN 1 Npoyme pyAepasbHble MeCTOO6UTaHWSA.

Mwukponnactuk (M) He MOXeT 6bITb YAaneH 13 OKpPYXatoLLel cpebl U3BECTHLIMU MeToAaMu,
ANns cCHNXeHWs 3arpAsHeHnsa BO4OEMOB MUKPOMNAACTUKOM MOXHO PeKOMeH0BaTb C/elyto-
wme Mepbl:

1. 2Konorrnyeckoe NpocBeLleHmne A9 cokpaleHs nonagaHns rnaacTMkKoBbIX 0TX040B OT
MECTHbIX XUTeNen N TYpUCTOB B OKPYXKAIOLLYIO cpeay.

2. CokpalyeHune obpa3oBaHus BTopuyHoro MM B okpyatoLLel cpeae (Mpy pa3noxeHnn
KPYMHOro naacTMKoOBOro Mycopa) 3a cHeT pekynbTUBaL N HE3aKOHHbIX CBaNOK U
perynspHbiX MeponpusaTUiA N0 0UMNCTKe beperoB OT MNIACTUKOBOro Mycopa.

3. BHegpeHue HauayuLmnx JOCTYMHbBIX TEXHOIOMMIN OUMNCTKN BOAbI, CNOCOBHbIX YAaNnaThb
TBEpAble YacTuLUbl N3 CTOYHbLIX BOA N, TAKUM o6pa30|v|, CoKpallaTb nocrtynaeHmne
nepsuyHoro Ml B BOAHYIO Cpeay Unu, No KpariHen mepe, nogaepxaHue
NMPOV3BOANTENBHOCTU MECTHbBIX OUNCTHBIX COOPYXXEHWUIA Ha MPOEKTHOM YPOBHE.
CokpalleHye NCrnosib30BaHNSA KOCMEeTUYECKUX CPeAcTB, codepxalumx MMM, Takmx Kkak
ouMLLaloLLMe CpeAcTBa A4 1ua, 3ybHasa nacta v T. 4. CH/XXeHVe NpsMbIX C6poCcoB
HEeOoUMLLEHHbIX BbITOBbIX CTOYHbIX BOJ B BOAOEMbI.

Hanbonee akTyanbHbIMU Npo6AEMaMK, CBA3AHHbBIMY C OTXOAAMU, HAa 06enx TeEpPUTOPUSIX
("Bognozepckuin" n "Kmxmn"), npeacTaBnsaioTcsa He3akoHHoe CKagnpoBaHme OTXOA0B N Hejo-
CTaTO4HO 3P deKkTMBHAsA cncTteMa obpalleHus ¢ otxogamu. Kpome Toro, npobiemMsl BO3HUKAKOT
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3-3a OTXOAO0B, reHepUpyeMbIM 3HAUNTENIbHBIM MOTOKOM TYPUCTOB. MpKn 3TOM, ypOBeHb pas-
BUTUS UHPPACTPYKTYPbl TEPPUTOPUIA He BCeraa MoxXeT obecneymTb A0CTaTOUHY U yCTONYN-
BYIO CUCTeMy ObpaLLeHNst C 0OTXOAaMMU.

C TOYKW 3peHns yayulleHns GYHKLMOHNPOBAHNS U MOBbILWEHWS 3KOJOMMYHOCTY obpalLie-
HUS C OTXO4aMU Ha OXPaHseMbIX MPUPOAHbLIX TEPPUTOPUSX OCHOBHOM Npobaemoli aBasieTcs
COBepLUEHCTBOBaHME MHOPACTPYKTYPbI U NOTUCTUKN. HanpumMep, Ans My3es-3anoBeAH1Ka
«Kvxxm» 6yaeT NonesHo HanainTb BbIBO3 OTXOAO0B - BOXEHUSA B BOAHbIV TPAHCMOPT MOTYT
YAyYlWwnTb CUTYauUnko C OTX04aMW He TO/IbKO Ha CaMOM 0CTpOBE, HO N B 3aLLI,I/ITHOI7I 30HE MYy-
3es-3anoBegHuKa. HIM «Boanosepckunii» Takxxe MOXeT BbIUIpaTb OT OpraHmM3aLnm nepeBo3okK
yepes 03. Bognosepo.

UTo6bl HANTK HannyYLlee peLleHne ANt TPAHCMOPTMPOBKM 1 0BpaLLeHns C 0TX04aMU Ha
JAHHBIX TEPPUTOPUSIX, HEOBXOANMO NPOBECTN NOAPOBHbIE U TLLATEeIbHbIE UCCe40BaHUS,

a TakKe OLLeHUTb KONNYECTBO OTXOA0B U UX ppakLMii ANs HajNexXallero N1aHNpPoBaHWSA 1
onpejeneHns oNTUManbHOro Macltaba 6onee ycTolivyMBOM CUCTEMbI 06paLLeHUsI C OTXO-
AaMu. B ganbHeliweM cyLiecTByeT NOTPEBOHOCTb B MPOEKTax, KOTopble byAyT OTCNeXnBaTb,
KOHTPOMPOBATb 1 COKpPaLLaTb KOJIMYECTBO OTXOA0B, 06pasyoLLnxcs B pesyabTate Typusma
Ha POCCUIACKMX 06BbEKTaX, a Takke BblpaboTatoT JOMONHUTEIbHbIE peKOMEeHAALMN MO yayuY-
LLIEeHWO yNpaBaeHNs 0TXoA4aMu.

DTOT OTYeT, a TakXe ABYX/1eTHAS COBMeCTHas paboTa no NpoekTy, NpoKaaAblBatoT NyTh U
JAAr0T pekoMeHZaumm no KOMMAeKkCHOMY UCMOob30BaHMIO MepesoBoro MexayHapoaHoro
OnbiTa N COBPEMEHHbIX peLleHnin 4na cbopa, COPTUPOBKM, TPAHCMOPTUPOBKY, NepepaboTku

v yTuamsauunm otxogos Ha OOTIT, Bk1toUaa KOHKPETHble pekoMeHAaunm AN KaXa0ro uccne-
[AOBaHHOro 06beKkTa. ABTOPbI OTUYETa yYBepPeHbl, UTO TPaHCrPaHUYHbIA 06MeH HbopMauvel n
NMOCTOSIHHbIN COBMECTHbI MOHUTOPUHT 3KOIOTMYECKON CUTYaLumn, BKAKOYasa yrnpasieHue oT-
X04aMu 1 BOAHbLIMU pecypcamMi, YpesBblUaiHO BaXHbl AN CHUXEHWNS CyLLLeCTBYHOLLLEro pmcka
Aerpagaumn okpyxarowein cpeabl Ha OOIMT, a Takxe A9 NOBbILLEHNS YCTOMYMBOCTN OKPYXa-
toLLel cpelbl M 6narononyyuns Ao4en, 34ech XUBYLLMX 1 paboTatolwnx, a Takxxe noceTutenen
3TUX Yyzec NpUpoabl.
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APPENDICES

Appendix 1. Russian regulations for chemicals in soils

Table 1. Current MPC regulations for chemicals in soils of Russia

Element, chemical substance MPC value, mg/kg soil

Total

Vanadium 150
Manganese 1500
Manganese + Vanadium 1000+100
Arsenic 2.0
Tin 4.5
Mercury 2.1
Lead 32
Antimony 4.5
Chromium (+3) 90

Water soluble

Fluorine 10
Labile **

Lead 6
Nickel 4
Chromium 6
Copper 3
Zinc 23
Cobalt 5
Manganese: for chernozem soils 700
for sod-podzolic soils

for pH 4.0 300
pH 5.1-6.0 400

pH > 6.0 500
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Table 2. Tentative permissible concentrations (TPC) of chemical substances in soil

(Hygienic norms GN 1.2.3685-21)

Soil group

TPC (mg/kg) with regard to the
background (clarke unit)

a) sandy and loamy-sandy 0.5
. b) acid (loamy and clayey),
Cadmium pH KCI < 5.5 1
) near-neutral and neutral (loamy 2
and clayey), pH KCl > 5.5
a) sandy and loamy-sandy 33
b) acid (loamy and clayey),
Copper pHKCI<5.5 66
€) near-neutral and neutral (loamy 132
and clayey), pH KCI > 5.5
a) sandy and loamy-sandy 2
. b) acid (loamy and clayey),
Arsenic pH KCl < 5.5 5
) near-neutral and neutral (loamy 10
and clayey), pH KCl > 5.5
a) sandy and loamy-sandy 20
; b) acid (loamy and clayey),
Nickel pHKCl < 5.5 40
) near-neutral and neutral (loamy 80
and clayey), pH KCl > 5.5
a) sandy and loamy-sandy 32
b) acid (loamy and clayey),
Lead pH KCl <55 65
) near-neutral and neutral (loamy 130
and clayey), pH KCl > 5.5
a) sandy and loamy-sandy 55
. b) acid (loamy and clayey),
Zinc pH KCI <5.5 110
) near-neutral and neutral (loamy 220

and clayey), pH KCI > 5.5
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Table 3. Indices of land chemical contamination level (taken from the “Procedure of quantifying damage

from land pollution with chemical substances”)

Element

level 1
permissible

Content (mg/kg) corresponding to contamination level

level 2 level 3
low medium
3-5

level 4 level 5
high very high
5-20 >20

Cd <MPC MPCto 3 - -

Pb "MPC"125 "125"250 "250 " 600 >600
Hg "MPC"3 "3"5 "5"10 >10
As "MPC" 20 "20" 30 "30" 50 >50
Zn " MPC "500 "500 "1500 "1500"3000 >3000
Cu " MPC "200 "200 "300 "300 " 500 >500
Co "MPC" 50 "50 "150 "150 " 300 >300
Ni "MPC"150 "150 "300 "300 " 500 >500
Mo "MPC" 40 "40"100 "100 " 200 >200
Sn "MPC" 20 "20" 50 "50" 300 >300
Ba " MPC "200 "200 "400 "400 "2000 >2000
Cr " MPC "250 "250 "500 "500 " 800 >800
\% "MPC"225 "225"300 "300 " 350 >350
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Appendix 2. Plant species found in the plant survey

Table 1. List of vascular plant species found in the surveyed dumps and campsites

Wil CEL NP Vodlozersky
and Reserve

Achillea millefolium L. + + +
Aconitum septentrionale Kélle +

Adoxa moschatellina L. +

Aegopodium podagraria L. +

Agrostis capillaris L. + + +
Alchemilla acutiloba Opiz + + +
Alchemilla micans Buser +
Allium cepa L. +

Allium sativum L. + +

Alnus glutinosa (L.) Gaertn. +

Alnus incana (L.) Moench + + +
Alsine media (L.) Vill. + + +
Androsace filiformis Retz. +

Anethum graveolens L. +

Angelica sylvestris L. +

Anthoxanthum odoratum L. + + +
Anthriscus sylvestris (L.) Hoffm. + + +
Arctium tomentosum Mill. + +

Arenaria serpyllifolia L. +

Artemisia camprestris L. +

Artemisia vulgaris L. + + +
Athyrium filix-femina (L.) Roth + + +
Atriplex patula L. +

Avenella flexuosa (L.) Drej. + +

Barbarea arcuata (Opiz ex J. et C. Presl)
Reichenb.
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Betula pendula Roth +
Betu/a pubescens Ehrh, +W + .
B/dens vparial. .
" Botrychium lunaria (L) Sw. o
BromopSIS inermis (Leys"su.);‘;/‘o/ub o
Bun/as orientalisL. e
........... C ;)amagrostis arundino'rgt‘e;(L.) Roth +W + o
........... C ;);Jmagrostis canescenusm&l}eb.) Roth + o
........... C ;);Jmagrostis epigeios (L)Roth +W + + o
........... C ;)amagrostis neglecta (Ehrh) Gaertn., Mey. + -

et Scherb.

........... C ;)LJmagrostis phragmiz;/"&;s C. Hartm. +W + + o
........... C ;);ha palustris L. +W o
........... C ;A/stegia sepium (L.) RBr + o
........... C ;;ﬁpanu/a glomerata L +W o
........... C;;ﬁpanula patula L. + + o
........... C;quanula rotundifolio'rl‘.w +W o
........... C;};se//a bursa—pastoris"(l.;Medik. +W + + o
........... C;;damine dentata Schu/t +W o
........... C;;daminopsis arenosd}i.]l—layek + o
........... Carduus crispus L. + o
........... Carex aquatilis Wah/en'l‘:"‘.ww +W
........... Carex brunnescens (Per;;,‘f"ﬁc‘)ir. + o
........... Carex cinerea Poll. + + o
........... C;;ex echinata Murr. + o
"""""" Corexdgratal .
........... C;;exglobularis L. + o
........... Carex leporina L. + + o
........... C;;ex nigra (L.) Reicharc;wm + + o
........... C;;ex pallescens L. + o
........... C;;ex paupercula Mich);.ww + o
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Carum carvi L. + + ¥
WW"Cé;v;aureajacea L + .
..‘.‘.‘W‘C;r;;aurea phygial, + . +
..‘.‘.‘.”‘C;r‘v;aurea scabiosal. + """""
" Gerastium holasteoides Fries . :
" Chaerophyllum aromaticum L e
..‘.‘.‘.”‘C};‘c;;naenerion angustif;)i‘t;‘r;’l (L.) Scop. + . +
.......... C Aé)idonium majus L. +
.......... C Aé;;lopodium album L. + +
.......... C A;;;opodium glaucum L +
.......... C };;Aopodium po/ysper%&% L. +
.......... C /cuta virosa L. +
.......... C /r51um palustre (L.) Scop + +
"""""" Cirsium setosum (Willd Bess
.......... C /rSIum vulgare (Savi) Ten +
.......... C )}A;)podium vulgare L. +
.......... C ;C”c‘yganthe flos-cuculi (L)Fourr +
.......... C ;A;arum palustre L. +
.......... C ;};;}allaria maijalis L. + + +
.......... C ;;/;705 bipinnatus Cav.www +
Dactylls gomeratal, + . +
 DaylorhizafuchsiOruce) s ,
..‘.“Wb;;t‘y/orhiza maculata (L)Soo + . +
Daphne mezereum L, + """""
..‘.‘.‘.”B;;Champsia cespitosa (L) Héeauv. + . +
' Dionthus deltoides . Lo
..‘N.‘.”B};/H(;pteris carthusiana (V///) H. P. Fuchs + . +
" Diyopters ilimas (L) Schott o
Elytr/g/a repens (L.) Nevsﬂl;} """ + . +

Epilobium adenocaulon Hausskn. +

Epilobium montanum L. +
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Epilobium palustre L. +
..“‘.‘.‘.‘Fé;isetum orvensel +W + .
..‘N.‘.‘.Fc”];isetum fwiatilel, +W .
..“‘.‘.‘.‘Fé;isetum pratense Ehrh """" +W .
.N.‘.‘.‘.‘Fc"];isetum shvaticum L. L .
Er/geron st + .
Er/ophorum vaginatum L """""" .
" Erodium cicutarium (L) LHer o
WWNFLH/;hrasia brevipila Burg;“é;“Grem/i + .
Fagopyrum tataricum (L:;&(HJQITH. L
Fa//op/a convolvulus (L.)H/;\:It‘Jve .
Festuca oinal .
Festuca wbral, .
........... F FFEendula ulmaria (L.) Max:m +W o
........... F ;&éaria moschata (Duc'A;}“Weston + o
........... F ragar[a vesca L. +W + + o
........... F ‘rHc'J‘r'ﬁgula alnus Mill. +W + o
........... F ;%aria officinalis L. +W o
........... é(;/”eopsis bifida Boenn +W + o
........... gc‘:'l‘/"eopsis speciosa Mi//.www + o
........... Ga//um album Mill. +W + + o
........... Ga//um boreale L. +W + o
........... Ga/lum palustre L. +W o
........... Ga//um uliginosum L. + o
........... é;;anium sylvaticum L +W + o
........... Geum rivale L. +W -
"""""" Geumurbanum .
........... ‘(;l;choma hederacea L +W o
........... é}}&eriaf/uitans (L)R. Br + o
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Melica nutans L.



DPSIR Framework

Mentha arvensis L. + +
 MiumeffusumL o
..‘.“W/‘\P}é)sotis arvensis (L.) HiP """"" +W + .
..‘.‘.‘.‘.Hl‘\;};}soton aquaticum (L.H)H;\'/‘I;ench e
W“W/(I;l:/mburgia thyrsif/oraH&.}Peichenb. """" L
........... O Hl;érna behen (L.) Ikomiww +W o

Omalotheca sylvatica (L.) Sch. Bip. & F.Schultz + +
........... O }%hi/ia secunda (L.) House + o
........... O ;cuv/is acetosella L. +W + o
Padus wiummil, +W .
Par/s quodrfolial, e
WWNP;;nassia palusrise, .
.N.‘.‘.‘.‘Ptyemrus/caria amphibia (L)SF Gray L
..‘.‘N.‘.‘P;/"Hsicaria hydropiper (L)Spach .
........... P é;;sicaria lapathifolia (L)SF Gray +W + o
........... P A;/aroides arundinace;im&‘.“) Rauschert +W o
........... P h/eum pratense L. +W + + o
........... P APagmites australis (Ccyi‘;.;%rin. ex Steud. +W + o
........... P /cea abies (L.) Karst. + o
........... P /cea obovata Ledeb. + o
........... P )’);se//a officinarum F. Schu/tz & Sch. Bip +W + + o
........... P })gse//a pubescens Norr/ +W o
........... P /;;;pine/la saxifraga L. +W + o
........... P /nus sylvestris L. +W + + o
........... P )&Ptago lanceolata L. +W o
"""""" Plantago majorL. s
........... P )c;?anthera bifolia (L.) R/ch + o
"""""" Poa annua L s
"""""" poacompressal. —_—




DPSIR Framework

Poa pratensis L. + + +
........... '/;;)e‘?monium caeruleumulw +
........... ;;))H/gonum aviculare L. +W + +
........... ;égulus tremula L. + +
........... 'I;;;(‘antilla anserina L. +W +
........... '.‘f";;énti//a argentea L. +W
"""""" Potentilla erecta (L) Raeusch .
........... '.‘f";;énti//a norvegica L. +W +
Prune//a wiarist, .
WW;;;Qdoblsimachion /ong/fo//um (L.) Opiz L
Ptarm/ca vulgaris Blakwr.mé;DC. + .
 Pyrolamediasw. s s
Py[’ola minor L """""""""" .
Pyro/a owndifolat, e
..‘.“Wk;;;unculus st +W + .

aggr. ¥
W‘Wk‘c;r;unculus po/yantherﬁ“c‘);l‘. e
Wm};;;unculus repensl. +W + .
Rh/nanthus minort. + .
Rlbes nigf'um L """""" +W + .
Rlbes spicatum Robson e
Ror/ppa palustris (L.) Bess """"" .
Rosa cccularistind, .
Rosa mjalis Herrm.
Rubus idaeus L """""" +W + .
Rubus sowatilsl b
Rume)( acetosa L """""" +W + .
Rumex wcetosellal, +W + v
Rumex thyrsiflorus Fingé;l; """"" + .
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Tripleurospermum inodorum (L.) Sch. Bip. + +
........... T T;T/ius europaeus L. +W
........... T VTTitis glabra L. +W
........... T Vggi/ago farfara L. +W + +
........... T ypha angustifolia L. +
........... U /mus laevis Pall. +
........... U I’thC[ leICG L + + +
........... V c':‘l';cinium myrtillus L. +W + +
........... V accm/um uliginosum L + +
........... V c;;cinium vitis-idaea L. + +
........... V éTTJtrum lobelianum Bernh +
........... V éTbascum nigrum +
........... V éTT)nica chamaedrys L +W + +
........... VéTT)nica officinalis L. +
........... V/burnum opulus L. +
........... VICIG cracca L. + + +
......... VICIC] Sepium L + + +
......... V/o/a arvensis Murr. +W +
........... V/ola epipsila Ledeb. +
........... V/ola palustris L. +

Viola riviniana Reichenb. +
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