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INTRODUCTION

Water is an important element of the environ-
ment and forms the basis for human existence. 
Along with the development of civilization, wa-
ter was unfortunately treated as a common good, 
considering its resources to be unlimited. This 
way of thinking has led to the degradation of wa-
ter quality, which was supposed to be a reserve of 
water for future generations. The human-induced 
degradation of the environment, as well as climate 
change, constituted an important factor in taking 
the legal steps to protect water resources [Rachoń 
2011]. Directive 2000/60/EC [2000], establishing 
a framework for Community action in the field 

of water policy, the so-called Water Framework 
Directive (WFD), is an integrated legal act regu-
lating the water management rules in the Euro-
pean Union. Its overarching task is to ensure that 
the present and future generations have access to 
water of good quality, as well as to enable the use 
of water for, inter alia, the purposes of industry 
and agriculture, while maintaining the principles 
of environmental protection.

Water occupies 72% of the Earth’s surface, 
97% of which is made up of the oceanic and ma-
rine waters that are unsuitable for consumption 
because of their salinity. The remaining 2.5% 
is fresh water, which is largely trapped in gla-
ciers and snow. Fresh water, which is a source of 
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ABSTRACT
The aim of this paper is to present the current state of water and sewage management in the communes where 
the Roztocze National Park (RNP) is located. The park is located in Lubelskie voivodship, in the territory of four 
communes: Zamość, Zwierzyniec, Adamów and Józefów, while its buffer zone is located in the communes of 
Krasnobród, Tereszpol and Szczebrzeszyn. The paper uses data from surveys conducted in these municipalities in 
2016. On average, 68.9% of the population used the water supply system in the municipalities surveyed, while 
33.4% of the inhabitants had the possibility of discharging sewage to the sewerage system. In the area of the 
communes, there are 10 collective, mechanical and biological wastewater treatment plants with a capacity ex-
ceeding 5 m3·d-1. The households which are not connected to the sewage network discharge wastewater mainly to 
non-return tanks. Four out of the seven surveyed communities had 64 domestic sewage treatment plants, including 
60 systems with infiltration drainage, which do not ensure high efficiency of removing pollution and may even 
contribute to the degradation of groundwater quality. In order to solve the existing problems in the area of sewage 
and water management occurring in the communes where the Roztocze National Park is located, it is necessary 
to further develop collective sewage systems and equip the areas with dispersed buildings with highly efficient, 
residential sewage treatment plants, e. g. constructed wetlands.
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drinking water, is located underground, which ac-
counts for only 0.6% of the Earth’s water resourc-
es. Lakes and rivers are a very good source of 
drinking water as well, but they only account for 
0.1% of the world’s water resources. Currently, in 
Poland, water per capita is approximately 1,600 
m³/year and during droughts it even drops below 
1,000 m³/person per year, while for comparison, 
the average annual water per capita in Europe is 
around 4,500 m³. Poland’s water resources are 
small, compared to the European average. In or-
der not to allow for the risk of water deficit, it 
is necessary to manage the water resources ratio-
nally and take appropriate measures to protect the 
waters [Małecki and Gołębiak 2012]. The actions 
aimed not only at protecting the quantity of wa-
ter, but above all its quality, are very important 
[Jóźwiakowski et al. 2015, Grzywna et al. 2016].

An important aspect of water management 
is ensuring an adequate condition of sanitary 
infrastructure, both in towns and rural areas 
[Pawełek 2016]. Council Directive 91/271/EEC 
[1991] concerning urban waste water treatment 
obliges the local authorities to take action in the 
field of water and wastewater infrastructure de-
velopment. According to the data from the Pol-
ish Central Statistical Office [GUS 2017a], in 
2016 the length of the water supply system in 
Poland reached almost 301 thousand km, while 
the length of the sewage system amounted to 154 
thousand km. In rural areas, 85% of the popula-
tion was connected to the water supply system, 
while only 40.3% were connected to the sewer-
age system. These data indicate a huge discrep-
ancy between the length of the water supply sys-
tem and the sewerage system. Investments are 
needed, mainly for the construction of sewage 
network and sewage treatment plants [Pawełek 
2016; Siwiec 2017]. According to data from 
GUS [2017b], only 41.3% of the rural population 
uses collective sewage treatment plants, while 
the remaining population carries wastewater 
mainly to non-return reservoirs. The number of 
non-return tanks has been steadily decreasing for 
several years, while the number of domestic sew-
age treatment plants has been increasing [Buga-
jski and Kaczor 2008, GUS 2017a; Pawełek and 
Bugajski 2017]. In the protected areas, and above 
all in national parks, due to the need to preserve 
the good environmental status, the implementa-
tion of investments in the area of water and sew-
age management should be one of the priorities 
[Kaczor et al. 2015; Jóźwiakowski et al. 2017a].

The aim of the study is to present the current 
state of water and sewage management in 4 com-
munes, in which the Roztocze National Park is 
located (Zamość, Zwierzyniec, Adamów, Józe-
fów) and 3 communes constitutingits buffer zone 
(Krasnobród, Tereszpol, Szczebrzeszyn). The 
study used the results of the surveys conducted 
in these communes (except for Szczebrzeszyn 
municipality) in 2016 by the Department of En-
vironmental Engineering and Geodesy of the 
University of Life Sciences in Lublin. In the case 
of Szczebrzeszyn commune, the information con-
tained in GUS studies was used.

THE CHARACTERISTICS OF THE 
ROZTOCZE NATIONAL PARK

The Roztocze National Park (RNP) was estab-
lished in 1974 in south-eastern Poland in lubelskie 
province. The RNP includes a varied landscape 
of the Middle Roztocze in the upper Wieprz river 
valley, separating the Lublin Upland from the San-
domierz Basin. Currently, the area of RNP is 8.5 
thousand hectares. These are mainly forest areas 
(95.5%), 1029 hectares of which were under strict 
protection (12.1%). The main objective of the cre-
ation of RNP was to protect diverse forest ecosys-
tems. The diversity of habitat conditions in this 
area determines the presence of many interesting 
forest plant communities, with a rich vegetation 
stock, including numerous tree species.

The RNP covers part of the Middle Rozto-
cze, with a diverse geological structure. The 
Roztocze hump is made up of the upper-edged 
rocks; in the edge zone there are tertiary for-
mations, and in the Wieprz river valley and 
Zwierzyniec valley there are quaternary com-
positions. In the northern part of the park, there 
are predominantly brown hands and brown para-
chutes among the soils. In the rest of the area, 
there is greater variety, with the largest surface 
area being covered by sandy sapwood soils. Geo-
morphologically, Roztocze is a typically upland 
region, where the main elements of the sculpture 
show very close links with the geological struc-
ture. Characteristic of this area is the directional-
ity of sculpture forms, marked in the arrangement 
of valleys and morphological edges. The lime-
stone chains of hills up to 350 m above sea level, 
overgrown with forests and enclaves of cultivated 
fields, interspersed with the valleys of post-gla-
cial sands, are present [Buraczyński 2013].



257

Journal of Ecological Engineering  Vol. 19(1), 2018

The geological diversity, rich terrain relief, cli-
matic and soil factors caused that 47 plant com-
plexes (19 forest and 28 non-forest ones) can be 
found on a relatively small area. The RNP forests 
are characterized by high growth dynamics and 
good health, and many trees reach monumental 
height. The most common tree species are pine, fir 
and beech. The most numerous of the remaining 
about 30 native species are: oak, alder, hornbeam, 
birch, spruce. Among the 700 plant species, de-
pending on their habitat and terrain, one can find 
typical lowland vegetation, as well as mountain and 
Atlantic species. The list of rare plants includes 65 
taxa, and about 45 species protected; 125 species 
of birds, including Lesser Spotted Eagle and Black 
Stork, are nested in the park. In RNP, a refuge of 
Polish horse was set up, which became a symbol of 
the park. One can also find here many rare species 
of amphibians and reptiles [Nasiadka 2010].

The vertical construction of the Roztocze Na-
tional Park has an impact on the distribution, size 
and the nature of the river network. There are four 
rivers, including one larger one, i.e. Wieprz, and 
three smaller ones: Świerszcz, Szum and Krupiec. 
The waters of the Świerszcz stream feed the com-

plex of “Echo” ponds and a pond in the centre of 
Zwierzyniec. In turn, the geological structure de-
termines the abundant occurrence of groundwater. 
The steep slopes of the hillsides are conducive to 
surface rafting, and usually they become the be-
ginning of periodic watercourses. The dampness 
in the interior of the complex during the rainfall 
and snowmelt period is caused by the presence of 
forests on most of the park’s terrain. This slows 
down the outflow of water, reducing draughts on 
rivers. The nature of the soils covering the RNP 
surface is determined by surface runoff, evapora-
tion rate or absorption rate. The best properties 
are the loose, well-permeable white-tailed soils 
located in a large part of the park, while its stor-
age and gradual release are responsible for brown 
soils and hand hands [http://roztoczanskipn.pl].

RESULTS AND DISCUSSION

Water supply

The survey conducted in 2016 shows that in 
the municipalities where RNP and its buffer zone 
are located, the degree of water supply is quite 

Fig. 1. Location of the Roztocze National Park in the analysed communes
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high. The municipality of Tereszpol has the short-
est water supply system – 31.36 km; however, it 
supplies all inhabitants of the municipality with 
water. The same situation is observed in the area 
of Józefów commune, where all inhabitants have 
the possibility to use the municipal waterworks 
and its length is 65 km (Table 1, Fig. 2). In turn, 
in the municipality of Zamość, there is the longest 
water supply system – 114.6 km, and only 40.7% 
of the inhabitants use it. In the Zwierzyniec com-
mune, a water supply system with the length of 
108.7 km allows for supplying water to 98.7% 
of the commune population. The situation is less 
favourable in the communes of Krasnobród and 
Szczebrzeszyn, where about 88% of the inhabit-
ants have the possibility to draw water from the 
water supply network. On the other hand, a small 
percentage of the population using waterworks 
were found in the Adamów commune – 45%.

The average percentage of inhabitants using 
the water supply system (80%) in all communes 
in the Roztocze National Park is slightly higher 
than that recorded by Jóźwiakowski and oth-
ers [2017a] (79.1%) in the communes where the 
Poleski National Park is located and almost 12% 
lower than the figure reported by GUS [2017a] 
for rural areas in Poland (91.9%).

Sewage system

According to Błażejewski [2012], there are 
400 city dwellers per one kilometre of the sewage 
system in Poland, and only 74 village dwellers. 
It is assumed that sewerage system construction 
is technically and economically justified, when 
the length of sewerage system is greater than 120 
persons per one kilometre and in the case of the 
areas under special legal protection – greater than 
90 persons [Regulation of the Minister of Envi-
ronment 2014].

The RNP area is characterised by dispersed 
development, which creates significant problems 
in the development of technical infrastructure. 
This applies in particular to the discharge and 
waste water disposal. The choice of an appropri-
ate wastewater treatment system in the protected 
areas should be made taking into account various 
criteria, which should take into account the prin-
ciples of sustainable development [Jóźwiakowski 
et al. 2015].

The survey shows that in the municipality of 
Tereszpol, the largest proportion of the popula-
tion – 86.7% – has the possibility of discharging 
wastewater into the sewerage system, and the 
length of this network is 40 km (Fig. 2). On the 
other hand, the municipality of Zamość has the 
longest sewage system (71.62 km); however, it 
allows only 20.7% of the inhabitants of this com-
mune to dispose of sewage. In contrast, in Zwi-
erzyniec municipality, a 49.2 km long sewerage 
system ensures collection of sewage from 70% of 
the population. In the municipalities of Krasno-
bród, Szczebrzeszyn and Józefów, the possibility 
of sewage disposal to the sewerage network cor-
responds to about 30% of inhabitants. The lowest 
percentage of sewerage systems is found in the 
Adamów commune and it does not even reach 
1%, and the length of sewerage system is only 
1.6 km. In the area of the Adamów commune, the 
wastewater is mostly delivered to collective treat-
ment plants by means of service trucks.

The survey shows that in contrast to water 
mains, the lengths of sewerage networks are much 
smaller and thus they serve a much smaller num-
ber of inhabitants. In 2016, an average of 39.8% of 
the population used sewage system in the districts 
in the Roztocze National Park. It was a value sim-
ilar to that given by GUS [2017a] for rural areas 
in Poland (40.3%) and much higher than the one 
reported by Jóźwiakowski et al. [2017a] (22.5%) 

Table 1. Number of inhabitants using the water supply and sewage system in the communes where RNP and its 
buffer zone are located

Name of the 
commune

Total number 
of inhabitants

Number of inhabitants using the system Percentage of inhabitants using the system [%]

Water supply system Sewage system Water supply system Sewage system

Zamość 22 881 9 316 4 740 40.7 20.7

Szczebrzeszyn 11 200 9 860 3 021 88.0 27.0

Józefów 7 218 7 218 2 487 100.0 34.5

Krasnobród 7 337 6 414 2 840 87.4 38.7

Zwierzyniec 7 041 6 950 4 950 98.7 70.3

Adamów 4 912 2139 23 45.0 0.5

Tereszpol 4 100 4 100 3 554 100.0 86.7
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in the communes where the Poleski National Park 
is located. The analysis of the data shows that do-
mestic wastewater produced by other inhabitants 
in the communes within the territory of RNP is 
discharged into non-return tanks.

Collective wastewater treatment plants

Collective wastewater treatment plants, to-
gether with the sewer network, constitute a col-
lective wastewater collection and treatment sys-
tem covering the whole or part of the settlement 
unit. According to the National Urban Wastewater 
Treatment Program [Górski et al. 2010] the use of 
a centralised (cumulative) sewer system is justi-
fied if there are at least 120 inhabitants per kilome-
tre of the sewer network. This means that the unit 
length of the sewage system should not exceed 
about 8 metres per habitant. Exceeding the listed 
length indicators of the sewer network proves the 
necessity of using a decentralised sewer system, 
consisting in the construction of residential (in-
dividual) sewage treatment plants [Heidrich and 
Stańko 2008; Pawełek and Bugajski 2017].

According to a survey conducted in 2016, there 
are 11 collective sewage treatment plants with a 
capacity of more than 5 m3·d-1 in the communes in 
which RNP and its buffer zone are located, mainly 
mechanical and biological treatment plants. The 
largest number of buildings, i.e. 4, is located in 
the Adamów commune. In addition, 2 wastewa-
ter treatment plants are located in the territory of 
the municipality of Zamość, and one facility per 
Zwierzyniec, Krasnobród, Tereszpol, Józefów and 
Szczebrzeszyn municipalities (Table 2).

In densely built-up areas, public water sup-
ply and sewage disposal should be provided in 
a collective manner, while in dispersed built-up 
areas – individually [Górski et al. 2010]. Dis-
tributed development of dispersed buildings in 
the analysed communes is not conducive to the 
construction of sewerage networks and collective 
treatment plants; therefore, the basic method of 
sewage management is the collection in non-re-
turn tanks, the so-called septic tanks, or to neu-
tralization in household sewage treatment plants.

Non-return tanks

Non-return tanks are characterised by rela-
tively low investment outlays, but are expensive 
to operate due to high waste water disposal costs. 
In addition, they pose a potential sanitary risk to 

Fig. 2. The length of the water supply and sewage system in the communes where the RNP 
and the buffer zones are located

Table 2. Collective Wastewater Treatment Plants with 
a capacity of more than 5 m3/d in the communes in 
which RNP and its surroundings are located

The name of the sewage 
treatment plant / the Commune

The capacity of the 
treatment plant [m3/d]

Zamość (Zamość) 390

Zwierzyniec (Zwierzyniec) 500

Suchowola (Adamów) 160

Szewnia Górna (Adamów) 30

Bondyrz (Adamów) 150

Adamów (Adamów) 120

Hutki (Krasnobród) 400

Tereszpol (Tereszpol) 365

Józefów (Józefów) 200

Szczebrzeszyn (Szczebrzeszyn) 800

[km]
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shallowly located groundwater, often used as a 
source of water supply for inhabitants [Heidrich 
1986; Siemieniec and Krzanowski 2000]. How-
ever, it is important to note that the number of 
non-return tanks is decreasing in favour of the 
domestic sewage treatment plants. In 2015, there 
were 2,256,000 cesspit tanks, while in 2016, their 
number amounted to 2,117,000, while the number 
of domestic sewage treatment plants increased 
from approximately 203,000 to about 217,000 
[GUS 2017a].

The survey shows that in 2016, 14209 non-
return tanks were registered in the seven analysed 
communes. The largest number of septic tanks is 
located in the area of Zamość (4850 units) and 
Józefów (4731 units) municipalities. In the com-
mune of Zwierzyniec, 1850 units were recorded 
and in the commune of Krasnobród – 1275 units. 
On the other hand, 971, 387 and 145 tanks are 
operated in the communes of Szczebrzeszyn, 
Adamów and Tereszpol, respectively. The wide-
spread use of such solutions may constitute an 
important element of pressure on the natural en-
vironment, mainly due to potential leakage of res-
ervoirs and the possibility of pollutant migration 
to groundwater.

Household sewage treatment plants

As an alternative to non-return tanks, house-
hold sewage treatment plants are available. These 
solutions are much cheaper to operate than sep-
tic tanks [Karolinczak et al. 2015]. Household 
sewage treatment plants are defined as facilities 

serving up to 50 inhabitants [PN-EN 12566-
3+A1:2009]. Their maximum capacity in Poland 
is 5 m3/d, according to the Water Law Act [2001] 
and 7.5 m3/d according to the Construction Law 
Act [2003]. They are constructed as two-stage 
objects, consisting of mechanical and biological 
removal of contaminants [Pawęska et al. 2011]. 
In 2016, in four of the seven communes where 
RNP is located, there were 64 household sewage 
treatment plants operating together with the buf-
fer zone; the highest number, i.e. 29, was found in 
the commune of Zamość (Fig. 3).

In this group, 60 systems with infiltration 
drainage were found, as well as one sewage 
treatment plant with activated sludge and 3 con-
structed wetland sewage treatment plants. The 
high proportion of systems with an infiltration 
drainage system (93%) is worrying. According 
to numerous authors, they should not be accepted 
for common use, as they can contribute to the 
degradation of surface and groundwater qual-
ity [Jucherski and Walczowski 2001, Pawełek 
and Bugajski 2017). Therefore, it is suggested to 
limit the use of these systems, as they discharge 
the sewage treated only mechanically into the 
ground [Jóźwiakowski et al. 2015]. The optimal 
solution for waste water disposal consists of con-
structed wetland systems, which are easy to oper-
ate, ensure high reliability and efficiency of the 
removal of contaminants, as well as minimize the 
amount of waste water discharges to the environ-
ment and limit their negative impact on the water 
quality [Czernaś et al. 2012, Gizińska et al. 2016, 
Jóźwiakowski 2017b].

Fig. 3. Number of household sewage treatment plants in the communes where RNP 
and its buffer zone are located

[pos]
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CONCLUSIONS

1. The current state of water and sewage man-
agement in the communes where the Roztocze 
National Park is located is not satisfactory and 
may contribute to the pollution of the aquatic 
environment in the park.

2. In the communes in which RNP and its buffer 
zone are located, there was a large disproportion 
between the development of the water supply 
and sewage system. It was determined that the 
water supply system is used by 80% of the pop-
ulation in the analysed communes on average, 
while the sewage system is used only by 39.8%.

3. The worst water supply situation prevails in the 
municipalities of Zamość and Adamów, where 
40.7% and 45% of the population, respective-
ly, have direct access to running water. In the 
communes of Szczebrzeszyn, Krasnobród and 
Zwierzyniec, the percentage of inhabitants us-
ing the water supply network exceeds 87%, and 
in the communes of Józefów and Tereszpol, all 
inhabitants have direct access to water.

4. There was a wide variation in the degree of 
sewerage of individual municipalities. The 
highest percentage of the population uses the 
sewage network in the communes of Zwie-
rzyniec and Tereszpol – 70.3% and 86.7%, 
respectively. On the other hand, the worst situ-
ation is in the Adamów commune, where only 
0.5% of the population uses the sewage system. 
In this commune, a large part of the wastewater 
is transported to the collective treatment plants 
by means of service trucks.

5. In the discussed communes, there are 10 col-
lective, mechanical and biological sewage 
treatment plants with a capacity of more than 5 
m3/d. On households which are not connected 
to the sewage system, wastewater is mainly 
discharged to non-return tanks, the number of 
which in 2016 was 14209 units.

6. Domestic sewage in some households is treat-
ed in household sewage treatment plants (64 
units), among which the systems with infiltra-
tion drainage (93%) are dominant. The use of 
these systems on a larger scale may contribute 
to the degradation of groundwater quality in 
the park. Therefore, further development of 
the household sewage treatment plant network 
should be based on proven solutions guaran-
teeing high efficiency of disposal, e.g. based on 
constructed wetland systems.

7. The results of surveys conducted in the com-
munes in the Roztocze National Park indicate 
the need to implement the investment meas-
ures aimed at the development of communal 
sewerage systems, and in areas with dispersed 
development – of highly efficient household 
sewage treatment plants.
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