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Abstract  Processes associated with surface mining 

promote the creation of artificial water reservoirs. In most 

cases, these post mining reservoirs can be adapted for 

recreational purposes after slight modifications. The authors 

analyzed the characteristics of inland reservoirs created as a 

result of opencast mining of diverse types of deposits in 

terms of the possibility of their best use for recreation and the 

identification of good management practices. The solutions 

and methods of monitoring the current status of 

anthropogenic waters and aquatic ecosystems serving the 

local community and tourists are briefly presented. The 

typical conditions for the formation of artificial water 

reservoirs and the risks associated with the genesis of such 

reservoirs for users and administrators of these facilities are 

discussed. The possibilities of managing anthropogenic 

reservoirs for economic purposes, considering their origin, 

shape, depth, and water quality, are also presented. The 

development of recreation infrastructure was discussed, not 

only the one directly in contact with the water reservoir, but 

also the one located at a distance, which corresponds to the 

definition of water-based tourism, which also takes place in 

the areas surrounding the lakes. Considering the innovative 

and constructive view on the risks of the use of 

post-anthropogenic ecosystems, both from the user's and 

administrator's perspective, we believe that the manuscript 

will be a useful compilation of knowledge on the subject and 

could be of value to wide readership. 

Keywords  Anthropogenic Reservoir, Artificial Lake, 

Management, Recreation, Biohazard 

1. Introduction

According to estimates presented by Cassardo [1], there 

is a total of 1400 million cubic kilometers of water on the 

entire planet, but only a small part - only 3% - is freshwater, 

mostly stored in glaciers and ice caps. Less than 0.01% of 

all water on Earth is made up of freshwater rivers and lakes, 

estimated to be around 100 000 km3 [2]. In recent years, it 

has been shown that lakes, including those of small size, 

cover a total of approx. 3.7% of the Earth's land area is not 

covered by ice, which has turned out to be a larger area than 

originally thought [3, 4]. It is obvious that water is essential 

for living organisms and technological progress would not 

be possible without it, as it is widely used in almost all 

sectors of the economy [5, 6]. Water - both salt and fresh - 

is also commonly used for recreational purposes [7, 8]. 

Almost on all continents - with the exception of Antarctica - 

in the area of water reservoirs there are places where you 

can use water in various forms. According to the Outdoor 

Industry Association, more than 50% of the adult 

population of the developed countries frequently uses water 

for recreational purposes. It has been shown that an 

extremely important element for recreation is water quality, 

because the cleaner the water, the greater the experience. 
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This rule applies to both direct water activities and indirect 

activities, e.g., nature observation [9, 10]. With urban 

sprawl and a growing population there are more and more 

needs for recreational water activities in urban waters this 

also applies to highly urbanized areas transformed by 

industrial activities and is related to human health benefits 

associated with urban aquatic environments [11, 12].  

Maintaining the good quality of water intended for 

recreation is a priority task for managers of such places, as 

it determines not only the attractiveness and popularity of a 

given place, but above all has a great impact on the safety 

and health of users. In order to standardize the principles 

and criteria for assessing the quality of both water and 

places located in the immediate vicinity, e.g., beaches, 

guidelines were established to regulate these issues within 

the European Union [13] and outside its territory. This has 

become necessary because globally, each year, more than 

120 million cases of gastrointestinal diseases and 50 million 

cases of acute respiratory diseases are caused by bathing in 

wastewater-polluted coastal waters. With more than half of 

the world's population living on the coasts, the polluted seas 

and oceans have a far-reaching impact on public health and 

ecosystem, including recreation [14]. For this reason, this 

water, more often than inland water, is of interest to 

scientists and researchers. The studies involved the 

identification of water pollutants [15, 16], the types of risks 

to beachgoers, and the risk of specific medical conditions 

[17, 18]. Relationships between water quality and sand 

quality on surrounding beaches [19], and tools and methods 

for monitoring the quality of bathing waters at seacoasts [20, 

21] were also indicated. 

Inland reservoirs, especially those resulting from 

opencast or underground exploitation of natural resources, 

are much less explored areas in terms of assessing the 

quality of recreational waters, the quality of beaches, or 

identified threats. Lakes created after the exploitation of 

sand or gravel are usually located in an area where the 

excavated material was used as a building material and 

therefore, they are new aquatic ecosystems in an urbanized 

landscape [22]. They are often located near or in residential 

areas [23]. Reservoirs of anthropogenic origin, apart from 

their recreational functions, are of economic importance, 

e.g., they secure the supply of usable water and are essential 

for agriculture or industry, as well as for flood protection. 

They also perform other important functions related to 

biodiversity creation and preservation, pollution disposal, 

microclimate formation, carbon bonding or recreation [24], 

which are referred to as ecosystem services provided for 

people. 

It should be mentioned that after the end of exploitation, 

the mines are left not only with extensive excavations (of 

various depths), but also with spoil tips, including 

post-flotation spoil heaps. Various types of industrial water 

tanks are also very common [25]. Many of the lakes formed 

after the flooding of abandoned open-cast mines are toxic, 

threatening the safety of both humans and the ecosystem 

[26]. The Berkeley Pit in Montana (USA), 244 meters deep, 

is one of the largest bodies of contaminated water in the 

world. It is assumed that the Rum Jungle Lake in Australia, 

formed after the flooding of the uranium mine, and the 

world's largest - over 176 km2 - Oil Sands lakes in Alberta 

province in Canada are an equally serious threat. All of the 

above should be taken into account when planning 

adaptation works aimed at adapting post-exploitation 

reservoirs for recreational purposes. The close proximity of 

hazardous wastes, despite the maintenance of far-reaching 

measures to prevent their penetration into the environment, 

will always pose a risk of contamination of surface water 

and groundwater. 

2. Materials and Methods 

In order to analyze the usefulness of anthropogenic 

reservoirs for recreation, an analysis of articles, focused on 

the conditions for the formation of anthropogenic reservoirs, 

covered by the Web of Science, Scopus, Google Scholar, 

ResearchGate, and similar databases was carried out. The 

literature review allowed for an analysis of the 

circumstances of the formation of the abiotic and biotic 

properties of the water environment and of the land 

surrounding such artificial structures, including the 

immediate coastal areas. The known tools used in the 

assessment of the water purity class were compiled in order 

to describe the process underlying the administration and 

use of artificial water bodies. During the database review, 

the most characteristic keywords, including the following 

phrases: anthropogenic water reservoir, recreation water 

quality, post mining lake, cyanobacterial toxins, and bathing 

beach, were used, artificial lake, management, recreation, 

biohazard. The key words were additionally verified on the 

basis of a long-term experience gained during the 

management of a recreational facility created after the 

extraction of oil sands (OWR Sosina) [27]. A generalized 

meta-analysis of the data was also applied to identify the 

most effective management practices and the optimal use of 

water reservoirs (recreational and economic) while 

maintaining the highest standards of safe use of bathing 

facilities. Specific descriptions of the features and 

qualitative elements of the specific structures of the 

construction of individual artificial basins, their size and 

characteristic of their functionality and development were 

extracted. An analysis of the literature on the subject was 

then carried out by adapting the problem in question to the 

existing knowledge and similarities and differences and 

their essential features discussed in the analyses of scientific 

literature were shown. Applying the principle of the 

consideration of components, the final process synthesizes 

the key issues covered in many publications separately. 
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2.1. Procedures for the Assessment of Reservoir Water 

Quality 

The most common water quality testing methods use 

techniques that determine physicochemical properties using 

advanced spectroscopy, integrated water quality sensors, 

micro-flowmeters, and biosensors [28, 29]. Bioindication 

methods with the use of living organisms sensitive to 

specific substances or habitat conditions are used 

independently or in conjunction with the identification of 

physical and chemical parameters [30, 31]. One of the 

recent research trends is the assessment of the 

microbiological state of water using advanced molecular 

biology techniques, such as gene probes, which have 

undergone significant development in the last decade [32]. 

The most modern and promising water quality monitoring 

techniques related to the use of nanotechnology, i.e., the 

study of nanoparticles acting as sensors that react to given 

elements identified as pollutants, are also currently being 

introduced [33]. 

2.2. The Genesis of Anthropogenic Reservoirs 

Anthropogenic reservoirs storing rainwater, surface water, 

or groundwater are most often created as a result of 

exploitation of energy resources, including subbituminous 

coal and lignite, rock resources - i.e., gravel, sand, granite, 

limestone, or metal ores - copper, iron, etc. In some parts of 

the globe, the density of anthropogenic reservoirs is very 

high (Fig.1). In the Netherlands, one of the smallest EU 

member states in terms of area (www.europa.eu), more than 

500 lakes formed in quarries and gravel pits can be found at 

the meeting point of the Rhine and Meuse rivers. In Central 

Europe, within southern Poland, there is an area referred to 

as the Upper Silesian Anthropogenic Lake District 

comprising 4773 reservoirs with a total area of 6766 km2 

[34]. A similar concentration of anthropogenic reservoirs, 

mostly strongly acidified, is found in Germany - where more 

than 500 post-mining lakes have been identified - and Poland, 

in the area of former lignite mining [35, 36] According to 

Strzodka [37], East German post-mining lakes constitute the 

largest artificial lake district in Europe. In France, within the 

Massif Central, there are reservoirs resulting from coal 

mining [38]. In Spain, the residues of sulfide ore opencast 

mining in the Iberian Pyrite Belt include numerous lakes 

which, due to high acidification and metal pollution, cannot 

be used for recreational, agricultural, or industrial purposes 

[39]. In the south of the Czech Republic there are reservoirs 

after lignite mining and clusters of reservoirs used for fish 

farming [40], in the south of England numerous reservoirs 

(lakes, ponds, ditches, floodplains) were created in 

connection with agricultural activities, in Northern Austria 

mining lakes formed after the end of opencast lignite mining 

[41], and in southern Sweden several thousand pit lakes, 

resulting from opencast mines and quarries, where sulfides, 

limestone and clay, among others, were mined [42]. 

Anthropogenic (post-mining) reservoirs can also be found in 

Australia [43], the United States [44], Canada [45], northern 

Morocco [46], Kazakhstan [47], Tajikistan [48], or in Brazil 

[49]. In South Africa we can find one of the world's most 

famous post-mining reservoirs, the Big Hole, which was 

created by flooding the pit after the end of diamond mining 

in this area [50]. 

 

Figure 1.  Location of the anthropogenic reservoirs in question 
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2.3. Adaptation of Anthropogenic Water Reservoirs 

The end of exploitation is associated with the need to 

manage anthropogenic reservoirs so that the space obtained 

can serve the public as a place for tourism, recreation, or 

leisure, among other things. These activities are referred to 

as "revitalization” or bringing them back to life. The aim of 

revitalization is to create a renewed landscape, which 

should not only be in harmony with the environment, but 

also increase its diversity, enriching it ecologically. At the 

same time, the renewed landscape should not interfere with 

today's local and regional needs and should meet the needs 

of tomorrow. Revitalization activities should be well 

thought-out and carefully planned - also in financial terms - 

long before the decision to end the exploitation of a given 

raw material. This is important because a well-planned and 

carried out revitalization process can bring tangible benefits 

to both the local ecosystem and the inhabitants [51]. It often 

turns out that water reservoirs created after mining or 

industrial exploitation are organic-rich, offer a spectacular 

variety of flora and fauna, and are abundant in rare and 

protected species. Even small water reservoirs can be used 

economically and increase the aesthetic value of the 

landscape. They affect the species diversity of both plants 

and invertebrates [52, 53]. These reservoirs, as a result of 

the normalization of water relations, usually fill up 

spontaneously, and the natural succession of vegetation 

restores the dynamic ecological balance. Much larger 

reservoirs are created after opencast mining of natural 

resources, for example limestone, dolomite, lignite, sand, or 

sulfur. The possibilities of using these reservoirs are also 

changing. They can have many functions, such as water 

intakes for drinking or industrial purposes, fish breeding 

ponds, retention reservoirs, etc. Increasingly, they are used 

as recreational sites or are part of landscape compositions 

[54]. The common feature of water reservoirs of different 

origins is that they can be used for recreational and tourist 

purposes. In the literature, you can find many definitions of 

recreation and physical activity, depending on the age group, 

economic sector, or finally depending on a specific location 

[55]. Although there is no single, universal definition, one 

could say that recreation is a fully conscious, voluntary 

outdoor activity in nature, making use of its values, 

bringing satisfaction, relaxing, and unwinding, which we 

devote to pursuing our own needs, passions, and interests. 

Recreation may take many forms, but all of them strive to 

eliminate anxiety, tension, or frustration. Depending on the 

raw material extracted, the resulting workings vary in depth, 

bank structure, physical and chemical properties of the 

water. On the other hand, the nature of the excavated 

deposit has a direct impact on both the shape of the 

reservoir (bottom and bank system, depth) and the physical 

and chemical properties of the water. The information 

gathered in Table 1 shows these relationships and indicates 

that the greatest number of recreational activities is possible 

in anthropogenic reservoirs resulting from opencast mining 

of natural resources [56, 57, 58, 59]. 

Table 1.  Types of anthropogenic reservoirs based on [56, 57, 58, 59]. 

Type of tailing pond  Characteristic features Possible uses 

Mines (porphyry, limestone, 

sandstone, ores) etc. (quarries) 

- limited inflow and outflow of feedwater 

- steep, irregular shores 

- denudation of rock layers 

- possible high acidification of water  

- heavy metal content in water 

- possible salinity 

- susceptibility to landslides 

- no shallow coastal zone 

- possible high-water turbidity 

- limited light penetration to the lower parts of the water 

- deep workings 

- sailing 

- snorkeling 

- bathing 

- wildlife conservation 

Loose rock mining (sand pits, 

gravel pits, etc.) 

- shallow depth (usually up to 5 m) 

- natural sandy or gravel bottom 

- risk of cyanobacterial occurrence 

- usually, a small area <50 ha 

- usually, no heavy metals in the water  

- shallower coastal zone 

- limited inflow and outflow of feedwater 

- "bowl" shaped reservoir 

- bathing area 

- sailing 

- fishing 

- powerboating 

- other water sports 

- wildlife conservation 

- drinking water supply 

- fire protection water supply source 

- aquaculture 

Opencast bituminous coal and 

lignite mines 

- unstable walls 

- high heavy metal content 

- high pH acidity = 

- deep workings 

- bathing 

- powerboating 

- other water sports 

- fire protection water supply source 

- fishing grounds 

- aquaculture 

 



 Environment and Ecology Research 10(3): 355-369, 2022 359 

 

  

  

  

  

Figure 2.  The cross sections illustrate the different slopes and slope lines of the banks to the water body depending on the type of post-mining pit 

(a,b,c,d - pits left over from the extraction of porphyry, limestone, etc., e,f - pits left over from the extraction of sand, gravel, etc., g - pits left over from 

the extraction of coal, h - pits left over from the extraction of ore) 

2.4. Characteristics of Reservoirs Formed in Quarries 

Post-mining reservoirs (of porphyry, limestone, and 

sandstone mines, etc.) are created as a result of flooding the 

excavation with groundwater, surface water or rainwater. 

Anthropogenic reservoirs created in such pits are 

characterized by a relatively large relative depth (Fig. 2 

a,b,c,d), which usually causes a clear stratification of water. 

Thus, the chemical properties of water can vary 

significantly depending on the depth [60]. Metal ore mines 

can take many shapes - from oval, rectangular, to irregular. 

The common feature of all of them is that, regardless of 

their shape, they are much wider at the top and narrower at 

the bottom. Opencast diamond mines have more regular, 

cylindrical shapes. They are usually deep and shaped like a 

cone in a cross section. Their structure generally excludes a 

shallow coastal zone of the lake. [61].  

The physicochemical properties of water between 

individual reservoirs in such a pit may differ significantly. 

This is both because of the different geological structures 

of these particular sites and the type and size of the 

catchment area. There are examples of artificial lakes 

where the water is heavily loaded with heavy metals and 

even naturally radioactive, which is directly related to the 
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exploited raw material. Another factor that can occur in 

water bodies whose surroundings are made up of poorly 

permeable rock is salinity. This phenomenon occurs when 

evaporation exceeds groundwater inflow and precipitation. 

Sulphide ore deposits contain pyrite, which reacts with 

oxygen and water to form sulfuric acid, causing high 

acidification of water. A common solution to neutralize 

acid lakes is liming, which has been implemented on a 

large scale in Sweden since the 1970s. The main purpose of 

liming is to keep the pH of the water above 6 in order to 

protect existing flora and fauna and to allow new species to 

colonize. Similar treatments were carried out in 2006-2019 

in the area of Lusatia (Germany), where over 266 kilotons 

of neutralizing agents, mainly quicklime and powdered 

limestone, were deposited in acidified lakes. Liming, 

however, has serious disadvantages. First of all, it cannot 

be a one-off action, but a continuous process, 

systematically spread over time. The second element, 

which can be an insurmountable obstacle, is the high cost 

of the process. According to estimates, EUR 20 million is 

spent each year on liming surface waters in Sweden [36, 62, 

63]. Increased turbidity is a common feature of mine lakes, 

which is related to the rapid erosion of steep shorelines. 

Another reason for turbidity may be the oxidation of iron 

dissolved in water to hydrated iron oxide. It is in the form 

of a fine-grained substance which settles very slowly to the 

bottom due to gravity. High water turbidity can have 

negative consequences for photosynthesis due to the 

blocking of sunlight, essential for this process. And for 

many forms of aquatic life - especially fish - 

photosynthesis is essential for life. 

The use of water reservoirs created in post-mining 

excavations of porphyry, limestone, sandstone, etc. largely 

depends on their physical and chemical properties while 

any technologies using artificial or natural biocenosis are 

difficult to implement. However, such artificial lakes can 

successfully fulfil new roles, such as recreational, which, if 

properly planned, can be a potential source of income. 

There are many examples of this type in the literature. A 

lake district in the Lusatia region (Germany) is currently 

being converted for public recreation and is expected to 

generate an income of 10-16 million euros per year for the 

local economy [64]. Examples of the conversion of a 

post-mining excavation site for recreational purposes 

include the year-round water park at the Shartashsky 

quarry in the Yekaterinburg region, the Tangua Park in 

Brazil, or the Zakrzówek and Kryspinów quarries in the 

Kraków area in southern Poland. An important element of 

the quarry revitalization process is to plan it in advance, 

and to diagnose the needs and possibilities of the local 

environment (both society and the natural environment) in 

seeking the best possible harmonization with the 

surroundings. When adapting the pit for recreational 

purposes, different forms of recreation - active and passive 

- should be taken into account, and thus different zones 

should be organized: beach, active recreation (playing 

fields, marinas) and quiet recreation (walking, fishing) [65]. 

The post-mining excavations lack infrastructure, which is 

necessary if the site is to be used for recreational purposes. 

This includes not only infrastructure directly related to 

water and water-based activities (bathing area, beach) but 

also communication routes, car parks, access to electricity, 

drinking water, sewage systems, catering facilities, or 

greenery arranged around the reservoir. The discussed 

reservoirs can also be used for industrial processes 

(irrigation, industrial water source) or as a water source for 

livestock (aquaculture). In some cases, when the 

physico-chemical quality of the water does not meet the 

basic criteria for water for a specific purpose, water 

treatment tools are necessary [55]. However, this involves 

additional financial resources and the need for more 

frequent water quality monitoring and biotope 

intervention. 

2.5. Characteristics of Reservoirs Formed after the 

Exploitation of Rock Resources such as Sand, 

Gravel, etc. 

The depth of water reservoirs created in sand and gravel 

excavations can vary greatly and is usually related to the 

thickness of the geological layer of the raw material in 

question. There are shallow floodplains with depths of less 

than 3 meters, medium floodplains oscillating between 

7-12 meters, and deep floodplains with depths up to 60 

meters [66, 67]. The depth of the excavation is also related 

to the construction of the banks of the floodplain and 

consequently to the accessibility for people. Shallow 

reservoirs are characterized by a gradual, gentle descent to 

the bottom of the excavation, which later, when such a 

reservoir is used for recreation, definitely facilitates the 

creation of accompanying infrastructure (bathing sites, 

beach, piers) Fig. 2 e. In contrast, deep reservoirs 

characterized by steep edges, irregular bottoms and 

cold-water inflow can be dangerous for users Fig. 2 f. The 

sand pits usually had a geometric profile with a fairly flat 

bottom and slopes, which were often characterized by a 

stepped descent due to the fact that the extraction of the 

raw material was carried out on several (2-4) levels. The 

development of the open pits has resulted in a strong 

disturbance of groundwater levels, which have fallen by 

several tens of meters, as well as changes to riverbeds, 

which have moved up to several kilometers. During the 

reclamation period, work focused on creating the slopes 

and bottoms of the future reservoirs as well as introducing 

vegetation around the banks. The banks of bathing areas 

gently descend into the water [68]. Sand and gravel 

deposits are characterized by high permeability and 

therefore lakes created in such excavations generally allow 

a significant exchange of surface water with groundwater. 

The geological substrate and direct connections to surface 

water and groundwater have a decisive influence on the 

physico-chemical properties of water in pits resulting from 

sand and gravel exploitation. The quality of water in 

different, even nearby reservoirs, can be significantly 
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different. A comparative study of 51 lakes in the 

Netherlands and 35 lakes in Denmark showed that water 

from gravel lakes has better properties than water from 

shallow natural reservoirs in close proximity. They were of 

good chemical and biological quality, contained low 

nutrient concentrations and abundant macrophytes that 

differed in species from those found in natural lakes [69]. 

Taking into account that sand and gravel are generally 

chemically inert raw materials, the immediate 

surroundings of the reservoir and its catchment area will 

have the greatest impact on the physico-chemical 

properties of the water stored there. Due to the fact that the 

excavation walls are free from contamination typical of 

metal workings, the water in sandy or gravel lakes may 

have relatively good quality water, although it is not a rule 

when looking at the lakes formed after sand extraction in 

the Sepetiba basin (Brazil), which are characterized by 

acidic water [70]. However, it is worth noting that often 

such water bodies are located on fairly flat flood plains, so 

the water inflow to them is limited compared to natural 

lakes with steeper catchments. The exceptions are 

workings located in the vicinity of lakes or rivers, which 

will usually have an inflow and outflow. In most cases, 

however, the artificial lakes created in such pits are 

hydrologically isolated from surface waters [67]. The 

depth of mining activities has a direct impact on the pattern 

of adjacent aquifers, resulting in a strong groundwater 

influence on the resulting reservoir. In contrast to natural 

lakes, groundwater quality is crucial for the water quality 

in such post-mining reservoirs [71]. Some of the reservoirs 

are deep enough to clearly divide them into water layers 

that differ in temperature [72]. Their structure - steep banks, 

a very small coastal zone and the frequent absence of a 

swamp zone - have a large impact on the ecosystem of the 

entire lake, as the water exchange between the coastal and 

pelagic zones is very limited [73]. It was observed that 

reservoirs with large hypolimnion are much less prone to 

eutrophication than shallow reservoirs where the water is 

completely mixed [74]. 

After finishing the exploitation of sand or gravel, the 

lakes created in the former excavations can be used for 

recreational purposes such as water sports, fishing, but can 

also be potential reservoirs of drinking water. Some 

reservoirs have a large surface area, which makes them 

ideal for sailing, windsurfing or, in areas where motorboats 

are allowed, water skiing [66, 75]. The designation of these 

facilities for recreational purposes must not only be part of 

the approved reclamation project for the pit in question, but 

must result in a series of preparatory works necessary to 

provide adequate infrastructure for the inhabitants One of 

the priorities when planning new functions of such places 

should be to ensure safety for future users by designating 

bathing areas, providing beaches, a safe coastline, fishing 

stands, and finally accompanying infrastructure - catering 

outlets, parking lots, and communication routes [53]. 

Another way to use post-mining lakes is to organize fish 

farming that would have good living conditions in 

relatively clean sand and gravel waters. 

2.6. Characteristics of Flooded Areas Resulting from 

the Abandonment of Opencast Mining of 

Bituminous Coal and Lignite 

Opencast coal mines (Fig. 2 g) are not as deep as metal 

ore mines (Fig. 2 h). The raw material is extracted linearly 

in a certain direction. The excavation deepens as the work 

progresses. The access roads to the bottom of the pit do not 

run spirally along the walls of the excavation but descend 

linearly. After mining, the excavation is usually 

characterized by a clear linear pattern and, at least on one 

side, a gradual descent of the excavation towards the 

bottom of the pit can be observed [61]. Coal workings (Fig. 

2 g) are characterized by quite steep banks with a very high 

angle of inclination, which significantly affects the shaping 

of the coastal zone (littoral). In many cases, the coastal 

zone is virtually absent, which directly affects the quantity 

and quality of coastal vegetation. The size of the water 

reservoirs created in opencast coal mines varies greatly; 

their surface area is often above 500 hectares. In terms of 

surface area, the post-mining lakes in the North Bohemian 

Brown Coal Basin compete with the largest natural and 

anthropogenic reservoirs in the Czech Republic (they are 

over 1 000 ha, the largest one is 1 300 ha). Such a large area 

creates the need to protect the shoreline against erosion 

caused by waves. Due to the large area, the pits will fill up 

with water relatively slowly, forcing the shores to be 

protected as the water table rises [76]. 

Bituminous coal and lignite, as well as the geological 

environment of the deposition, are not chemically inert and 

have a significant impact on the water that fills the 

excavation pit after the end of the exploitation. Coal 

mining often results in acidic mine drainage. Typically, 

pyrite (FeS2) is deposited in the walls of coal workings, 

which, when in contact with atmospheric oxygen and water, 

produces sulfuric acid, directly affecting water quality [50]. 

Chemical analysis of water from lakes formed in residual 

pits after coal mining shows that they are usually 

contaminated with heavy metals such as iron, cadmium, 

aluminum, lead, or nickel, or with metalloids - arsenic, 

selenium, or antimony. pH is a very important parameter, 

as the activity of metals and metalloids is very strongly 

dependent on its value [77, 78]. Strongly acidified 

reservoirs (pH <4) usually have high concentrations of 

cationic trace metals (Al3+, Cu2+, Fe2+). In waters with 

low pH, the predominant anion is sulphate (SO42- or 

HSO4ˉ). Reservoirs with near neutral pH tend to have low 

concentrations of cationic trace metals and may contain 

significant amounts of bicarbonate (HCO3ˉ) in addition to 

dissolved sulphate. Alkaline reservoirs may have 

significantly elevated metalloids (As/Se) present in the 

form of dissolved anions such as HAsO42- or SeO42- [79]. 

Water reservoirs in former coal workings are formed under 

rather difficult conditions (geochemical environment and 

physical structure of the workings) which means that they 
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are usually characterized by lower biological activity 

during their initial period of existence. The development of 

a biotope is mainly influenced by the chemical factors in 

the reservoir, such as metal concentration, water pH, water 

clarity and nutrient levels [80, 81]. 

Opencast mining drastically affects almost every area of 

the environment. Flora and fauna, soil, air, and water - all 

these elements are negatively affected by mining activities, 

and hundreds of degraded hectares of land pose a serious 

challenge to the reclamation process. With the use of 

appropriate solutions for the neutralization of heavy 

metal-contaminated soils and water in the pit, it is possible 

to restore the degraded areas to life and for use by the local 

community [82]. Flooded excavations after coal mining 

can fulfill three basic functions: serve as a refuge for 

wildlife, for active and passive recreation, or constitute a 

fish breeding area. The specific structure of the reservoirs - 

including steep cliffs and a very limited coastal zone - 

means that not all species of flora and fauna will find 

suitable conditions there. The growth rate and range of 

aquatic macrophytes will also be limited [83]. A common 

way to use flooded post-mining pits is to transform them 

into fishing grounds. This requires a number of preparatory 

works, not only because of the need to ensure the quality of 

the water itself, but also because of the need for adequate 

stocking of the reservoir in question [84]. By recreational 

use of the reservoir, we mean both active recreation (e.g., 

using water equipment, swimming) and passive recreation 

(e.g., sunbathing). If the reclamation process succeeds in 

bringing the water up to current standards for recreational 

purposes (bathing), it will be completely safe to use the 

lake. If the physicochemical quality of the water is poor, 

then recreation can only take place in the area adjacent to 

the water surface [85]. It is important to remember that 

while water quality is the biggest concern and challenge in 

this type of reservoir, other factors affecting user safety 

such as steep and high banks, and possible great water 

depth should not be overlooked [86]. Therefore, the use of 

post-mining water reservoirs as fire protection or retention 

reservoirs should be considered. The high acidity and metal 

content prevent the water from being used as drinking 

water [87]. 

2.7. Management of Anthropogenic Reservoirs Used 

for Recreational Purposes 

The management of a water reservoir for recreation 

involves a number of processes related to ensuring both 

good water quality that meets the standards set by law and 

a number of activities related to providing infrastructure in 

the vicinity of the reservoir, which are not strictly defined 

by law but belong to a broad catalogue of so-called good 

management practices. It should be borne in mind that 

many human activities aimed at improving accompanying 

infrastructure or facilitating leisure and recreation, such as 

roads, hotels, marinas, catering facilities, can have a 

negative impact on the environment. Good management of 

recreational water bodies is primarily intended to reduce 

the risk of negative impacts of recreation on the 

environment, which will occur when the level of human 

use of the environment is greater than the capacity of the 

environment to cope with that usen [88]. It should not be 

forgotten that the best management of the water body itself 

may not be sufficient, as it is also influenced by external 

factors such as water levels in the catchment area, over 

which basin managers have little or no control [8]. 

The efficiency and effectiveness of the management of 

water reservoirs also depend on the knowledge and 

understanding of biological interactions taking place in the 

water. For many years, one of the biggest problems faced 

by managers of recreational water bodies has been their 

eutrophication, i.e., excessive enrichment with nutrients, 

mainly nitrogen and phosphorus [89, 90, 91]. There is a 

view in the literature that eutrophication is one of the main 

problems related to water quality [92, 93]. This can lead to 

a number of harmful biological processes, including 

excessive algal blooms, which not only affect the 

appearance and smell of the water but can also result in 

toxic cyanobacteria blooms [94, 95]. These processes can 

cause not only serious environmental and social impacts 

(fish deaths or human poisoning) but also economic ones. 

Economic losses related to water eutrophication may result, 

among others, from the lack of recreational use of water, 

loss of value of the areas adjacent to the lake, and the costs 

of combating toxic blooms. In the United States, economic 

costs associated with eutrophic waters are estimated to be 

$2.2 billion per year and in Australia $150-250 million per 

year [89]. The prevailing view is that shallow waters are 

more vulnerable (to eutrophic conditions) than deep 

reservoirs due to the lack of thermal stratification of the 

water during the summer months. Both artificial and 

natural deep lakes, which become thermally stratified in 

summer, act as nutrient reservoirs and do not form 

dangerous suspended solids [96]. For managers of 

recreational water reservoirs, the key element is therefore 

to control and effectively manage the inflow of external 

nutrients, which boils down to monitoring potentially 

dangerous sources, such as: runoff from agricultural areas 

or discharge of sewage [97, 98]. It has been calculated that, 

on average, each swimmer or bather contributes 0.094 g P 

per day to the water body [88]. The excessive enrichment 

of these waters in nitrogen, both from the users themselves 

and from watercourses and groundwater, especially in the 

vicinity of agricultural land, is also becoming a problem.  

Scientists analyzing the human impact on the aquatic 

environment remind us that the bathers themselves pose 

serious risks to themselves. It should be borne in mind that 

bacteria carried by humans, including Escherichia coli, 

faecal streptococci, Pseudomonas aeruginosa, as well as 

yeasts and fungi, may pose a potential risk to others. One of 

the primary responsibilities of recreational water body 

managers is the continuous microbiological monitoring [99] 

of water. This is the way to avoid many gastrointestinal and 

respiratory diseases and skin infections [100]. The 
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shoreline is also often thoughtlessly trampled and degraded 

by beachgoers, the coastal vegetation is destroyed, as are 

the breeding grounds of birds. Reservoir managers tend to 

modify the shoreline too much, so that it no longer 

resembles its original form [88]. However, it is important 

to take care of good quality sand on the beach, as numerous 

studies have shown that it can contain high concentrations 

of faecal pathogens, pathogenic bacteria, viruses, parasitic 

nematodes [101], and solid elements that cause minor 

injuries. Although this is a major concern for water 

reservoir managers, there are currently no standards for 

monitoring, sampling, analyzing, or managing beach sand 

quality [102]. 

One of the most popular forms of activity at reservoirs is 

recreational fishing. It is estimated that 10 to 12 percent of 

the world's population engages in this form of recreation 

worldwide [103, 104]. For managers of water reservoirs, 

especially those actively used for recreational fishing, it is 

very important to determine how many anglers will be 

fishing at once. This is crucial for determining the stocking 

level of a given water body, and thus for controlling the 

fishing economy and the environmental impact of fishing 

[105, 106]. It is important whether fishing takes place from 

vessels, piers or directly from the shore, because anglers' 

preferences and expectations force the managers of water 

reservoirs to build appropriate infrastructure and, of course, 

each of these forms of angling may have a negative impact 

on the environment. Boating or wandering around the 

shore can disturb coastal habitats, boats with engines can 

generate too much noise and too high waves, and baits 

thrown into the water or rubbish left behind can adversely 

affect the physical and chemical quality of the water itself 

[107]. 

3. Results and Discussion 

Anthropogenic reservoirs differ in their genesis and 

potential for later use. Examples of anthropogenic 

reservoirs and their use can be found in the literature. The 

selected examples of the use of anthropogenic reservoirs 

are presented in Table 1. Due to the exploitation method, 

the relative chemical neutrality of the sand and the 

physical and chemical properties of the water filling the 

pit, which to a large extent reflects the properties of water 

from the surroundings and the catchment area, post-sand 

excavations are widely used as recreational sites. Of 

course, the exploitation of sand (as well as any other raw 

material) has a negative impact on the environment, but 

researchers also point out the benefits that can arise from 

this activity. One such benefit is the creation of new water 

reservoirs that can function as drinking water reservoirs or 

recreational reservoirs [108]. It is perfectly understandable 

that not all opencast sand mines are converted into water 

bodies after the mining process is completed. The 

reclamation depends on several factors, including, inter 

alia, lithological, and genetic parameters of the underlying 

formations, their physical and chemical properties, relief 

and, finally, water conditions. It is important for the 

managers of such water reservoirs to meet all the legal 

and organizational requirements for reservoirs intended 

for recreation (including bathing), above all with regard to 

the physical and chemical safety of the water. However, 

the literature points out that people who use water actively 

(bathing or participating in water sports) pay a lot of 

attention to the aesthetic effects of water - its color, 

turbidity, or transparency - which for them are the main 

determinants of water quality. They are not able to verify 

its physico-chemical properties, but recognize that if the 

water is clean, clear, and odorless, it is fit for recreation 

[109]. In the case of regular, gently sloping coastlines, it 

does not require much preparation to establish safe 

bathing places. The lakes created on the area of former 

sand exploitation, with relatively uncomplicated 

preparatory works, may become naturally valuable and 

attractive recreation places from the point of view of 

inhabitants. Anthropogenic reservoirs intended for 

recreation require not only care for good water quality, 

but also proper preparation of the adjacent terrain. It is 

necessary to systematically clean the sand of physical 

impurities - garbage, cigarette butts, leaves, etc. These 

activities, in turn, require the owners or managers of water 

reservoirs to secure adequate financial resources, which 

means that these activities should be designed and 

planned in advance [110]. It seems that an important 

aspect of water protection is that when planning the use of 

a reservoir for recreational purposes, the arrangement and 

layout of the various functional zones should be properly 

planned: recreational (beach and bathing area), sports 

(sports fields), services (catering, accommodation), 

parking, landscape, etc. It is also necessary to develop a 

network of sanitary facilities for the lake users so that they 

do not contribute to the deterioration of water quality by 

urinating into water. When creating these facilities, the 

needs and expectations of different users should be taken 

into account, taking into account their age or degree of 

disability [66]. The development of recreation 

infrastructure, not only the one directly in contact with the 

water reservoir, but also the one located at a distance, 

corresponds to the definition of water-based tourism, 

which also takes place in the areas surrounding the lakes 

[111]. It is also necessary to set the daily visitor limits, in 

other words to determine how many people can 

simultaneously use various forms of recreation without 

causing damage to the aquatic environment and terrestrial 

ecosystems, and what form of activity may cause threats 

to the water body (e.g., using boats with internal 

combustion engines). The periods of maximum 

environmental load, when the risk of water contamination 

is the highest, and the periods of occasional use, when 

human activity is unlikely to have a negative impact on 

the environment, should be taken into account [112]. The 

maximum number of boats with internal combustion 

engines, motorboats and jet-skis that can travel on the 
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water body at the same time should be determined. 

Exceeding the maximum number of boats not only causes 

a direct danger to other users, such as those who bathe or 

engage in other water sports but can also adversely affect 

the parameters of water (fuel and oil spills), near-shore 

and shore area [113]. Waves generated by motorboats, 

which depending on speed range from a few to several 

dozen centimeters, can significantly accelerate shoreline 

erosion and also affect submerged and surface 

macrophytes by physically damaging them (propellers and 

hulls ) or affecting them by generating increased water 

turbidity. Based on the above considerations, Table 2 

presents criteria for water bodies formed after surface 

mining operations for their suitability for recreational 

purposes. The basic information shown in the table should 

be collected and considered by future administrators 

before they begin to adapt and operate the facility. 

4. Conclusions 

Based on the database review, typical anthropogenic 

water reservoirs were analyzed. Information was collected 

on their structure, general properties, and the possibility of 

using them for recreational purposes. This paper provides 

a compendium of knowledge, useful for both 

administrators and users of the discussed facilities. The 

individual elements of the considered problem related to 

the economic potential of recreational use of 

anthropogenic reservoirs were analyzed and synthesized. 

Artificial floodplains or lakes created in urban and 

industrial areas as a result of open-cast mining activities 

were discussed. The scope of the knowledge and topics 

covered is large, there is a lot of information in one place, 

and the paper provides a compressed compendium of 

essential facts. 

Table 2.  Basic criteria for a post-mining reservoir and its surroundings for recreational purposes 

Suggested review of the facility's qualifying values for recreational 

use prior to adaptation: 
Notes: 

Surrounding 

- current land use - access to road infrastructure, public transport. 

- planned land development 

- analyze the possibility of development of communication 

infrastructure 

- evaluate the accessibility of the site taking into account the 

topography of the terrain 

- capacity of the facility 
- determine the amount of floatation equipment and the 

number of users who can safely stay at the facility 

- identification of biological life 
- occurrence of plants and animals, including protected and 

endangered species 

Water 

- determination of chemical composition 

- pH determination 

- visual color assessment 

- limpidness 

- degree of opacity 

- scent 

- Necessary physical and chemical tests must be conducted 

before a decision is made to use the reservoir for recreational 

purposes 

- identification of aquatic biological life 
- occurrence of aquatic plants and animals and 

phytoplankton, including protected and endangered species 

Geological 

structure and 

location of the 

reservoir 

- shoreline falling gently 

- in places of planned beaches, the slope of the ground going 

down to the bottom of the reservoir from the shoreline should 

not be stepped 

- sandy areas - can be planned under the organization of natural beaches 

- geology 

- assess the impact of surrounding rocks and remnants of 

human activity on the potential for contamination of the 

environment and the waters of both the catchment and the 

reservoir 

- catchment area 
- evaluate the influence of tributaries and underground supply 

of water to the reservoir on its quality 

Economical 
- evaluate the cost of maintaining the facility and good 

water quality in the reservoir 

- take into account the costs of maintenance of sanitary 

infrastructure, service, waste disposal, energy costs 

 



 Environment and Ecology Research 10(3): 355-369, 2022 365 

 

The origin of a water reservoir is of great importance in 

terms of its operation, maintenance costs, and methods of 

combating or preventing threats resulting from natural and 

anthropogenic conditions. The influence of such factors as 

the geological structure of the catchment area, the type of 

tributaries, and the possibility of water outflow is of 

crucial importance, yet often overlooked, for the 

caretakers of recreational facilities. Water reservoirs in 

former sand or gravel pits, although they are relatively 

young ecosystems, can be important for biodiversity 

protection and recreation. They can also pose a serious 

threat to biological and human life through the 

accumulation and re-emission of harmful pollutants. 
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