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ABSTRACT

The aim of this paper was to present the current state and the need for development of the sanitary infrastructure in
the communes of the Bialski District located in the Lublin Voivodeship. The Bialski District encompasses 2 urban
communes: Miedzyrzec Podlaski and Terespol and 17 rural communes: Biata Podlaska, Drelow, Janéw Podlaski,
Koden, Konstantynow, Lesna Podlaska, L.omazy, Migdzyrzec Podlaski, Piszczac, Rokitno, Rossosz, Stawatycze,
Sosnowka, Terespol, Tuczna, Wisznice and Zalesie. The present paper uses the data from the surveys conducted
in these communes in 2016. On average, 79.2% of the population used the water supply system in the surveyed
communes, while 39.4% of the inhabitants had the possibility of discharging wastewater to the sewerage system.
In the area of the communes, there were 20 collective, mechanical and biological wastewater treatment plants with
a capacity exceeding 5 m*/d. The households which were not connected to the wastewater network, discharged
wastewater mainly to non-return tanks. In the surveyed communes, there were 4437 household wastewater treat-
ment plants. Most of them (above 80%) were the systems with infiltration drainage, which do not ensure high ef-
ficiency of pollutants removal and may even contribute to the degradation of the groundwater quality. In order to
solve the existing problems of wastewater and water management occurring in the communes where the Bialski
District is located, it is necessary to further develop collective wastewater systems and equip the areas character-
ized by dispersed housing with highly efficient household treatment plants, e.g. constructed wetlands.

Keywords: district, septic tanks, household wastewater treatment plants, collective wastewater treatment plants,
water supply network, sewerage systems

The social and economic transformations in
Poland, the increase in the ecological awareness

INTRODUCTION

Water is one of the most important resources
on Earth. It determines both the human health
and the standard of living of the population. Dur-
ing the last 20 years, the volume of water intake
in particular sectors of the Polish economy has
not changed significantly: 70% of water has been
used by the industry, 20% by municipal manage-
ment, 10% for irrigation in agriculture and for-
estry and filling and replenishing fish ponds [CSO
2019]. For the industrial purposes, mainly surface
water has been used. Groundwater, which is char-
acterized by much better quality than surface wa-
ter, has been used mainly as a source of drinking
water for the population.

and greater care for the state of the environment,
as well as greater availability of new technologi-
cal solutions contributed to an increase in the
length of both the water supply network and the
sewerage system in recent years [CSO 2019].
The aim of the study was to present the cur-
rent state of the sanitary infrastructure in the
communes of the Bialski District, which is part of
the Lublin Voivodeship. The results of a survey
conducted in 2016 by the Department of Environ-
mental Engineering and Geodesy of the Univer-
sity of Life Sciences in Lublin and the data from
the Statistical Office in Lublin [CSO 2017] were
used in the paper. The method employed in the
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research was a diagnostic survey and the research
technique was a questionnaire. The questionnaire
was sent to the offices of 19 communes located in
the Bialski District. Feedback was received from
17 communes, whereas some of them did not
contain all the answers. When no feedback was
available from some communes, if possible, the
data from the CSO was used [2016].

The research, involved a questionnaire con-
sisting of 10 closed questions concerning the wa-
ter and wastewater infrastructure existing in each
given commune. The questions included in the
questionnaire concerned: the length of the water
supply network and sewerage system, the num-
ber of people using the water supply and sewer-
age system, as well as the number and types of
collective and domestic wastewater treatment
plants. The information concerning the number

of functioning non-effluent tanks (septic tanks)
and the needs of the commune in terms of wa-
ter and sewerage infrastructure development was
collected as well. The obtained information was
analysed and the results were presented in a tabu-
lar and graphical form.

CHARACTERISTICS OF THE RESEARCH
AREA

The Bialski District is located in the north-
eastern part of the Lublin Voivodeship. It is the
largest district of the voivodeship. Its area is about
2755 km?, which is about 11% of the voivodeship
area (Fig. 1). In 2016, 112.5 thousand people lived
here, and the average population density was 40
people/km? [Statistical Office in Lublin 2019].

Cities and towns:
li‘ over 100 000
inhabitants
(® 50000-100 000
© 25000-50000

(® 10000 - 25000
QO under 10 000

Tor: commons wikimedia.org
MaKa’

county (powiat) BILGORAJ  seat of county
("powiat ziemski") CHELM

city with county (powiat) status

("powiat grodzki")

Fig. 1. Location of the Bialski District in the Lublin Voivodeship [http1]
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The eastern and northern border of the district is
marked by the largest river in the region — the Bug
River. It is also the border between Poland and
Belarus.

The Bialski District consists of 2 urban com-
munes: Miedzyrzec Podlaski and Terespol and 17
rural communes: Biata Podlaska, Drelow, Janow
Podlaski, Koden, Konstantynow, Le$na Podlaska,
Lomazy, Migdzyrzec Podlaski, Piszczac, Rok-
itno, Rossosz, Stawatycze, Sosnéwka, Terespol,
Tuczna, Wisznice and Zalesie (Fig. 2). The ad-
ministrative seat of the Bialski District is the city
of Biala Podlaska, which is a separate unit — a city
with district rights.

The largest commune of the district — Biata
Podlaska has an area of 325 km? (about 12%
of the district area), while the smallest is the
urban commune of Terespol with an area of
10 km?, which is 0.4% of'the district area (Table 1).

The District Office in Biata Podlaska [2020]
states that about 20% of the district population
live in towns and 80% live in rural areas. The
most populated communes (outside the cities) are
among others: Terespol, Konstantynéow, Les$na
Podlaska and Piszczac, the least people live in the
following communes: Rossosz, Stawatycze and
Sosnéwka.

The Bialski District is characterized by
a negative natural growth, increasing in re-
cent years, and a negative balance of migra-
tion [The District Office in Biala Podlaska
2020]. There are 340 villages in the district,
with agriculture as the main economic activity.
In the total area of the district, the agricultural
land occupies 67.1%, forests and forest land
28.3% while the remaining land and wasteland
4.5%. The main crops cultivated in the district are
cereals, potatoes, vegetables and fruits. The live-
stock production is dominated by cattle and pig
farming. Due to the agricultural character of the
area and the lack of industrial plants polluting the
environment, the individual farms located here
produce healthy, high-quality food. Therefore,
the agri-food processing and light, wood and met-
al industries, as well as the production of building
materials develop well in the district. The border
location on the axis of important transcontinental
transport routes has contributed to the develop-
ment of transport companies. Horse breeding in
the stud farm in Janow Podlaski is also of particu-
lar importance. There is the Podlasie Bug River
Gorge Landscape Park, 8 nature reserves and
282 monuments of living and inanimate nature
[The District Office in Biala Podlaska 2020].

Konstantyrdw
Janidw Pocllaski
Ledna Podaska Rokitno
Terespol

Migdzyrzec Blof Laesie &
Paclaski vociaska feecpo

Miedzyrzec Biata Pocllaska ;
Podlaski Piscczac - ) Kode

Direldw tomazy
Rossnss Tuczna
e ‘ Slawatycze
Sosnddka

Fig. 2. The communes in the Bialski District [http2]
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Table 1. Characteristics of the communes in the Bialski District [own research and CSO 2016]

Name of the commune Area [km?] Population Population density | Share qf the commune area in
[people] [people/km?] relation to the district [%]

Biata Podlaska 325 14000 43 11.8
Drelow 228 5593 25 8.3
Janow Podlaski 136 5408 40 4.9
Koden 151 3756 25 5.5
Konstantynéw 87 4247 49 3.2
Lesna Podlaska 98 4363 45 3.6
tomazy 199 5228 26 7.2
Miedzyrzec Podlaski 262 10531 40 9.5
Miedzyrzec Podlaski (urban) 21 17301 824 0.8
Piszczgc 170 7504 44 6.2

Rokitno 141 3142 22 5.1

Rossosz 76 2331 31 2.8
Stawatycze 72 2372 35 2.6
Sosnowka 148 2600 18 5.4
Terespol 141 6743 48 5.1

Terespol (urban) 10 5830 583 0.4
Tuczna 170 3309 19 6.2

Wisznice 173 5130 30 6.3
Zalesie 147 4535 31 5.3

RESULTS AND DISCUSSION

A characteristic feature of the Polish water
and wastewater management is the noticeable,
but too slow, development of the sewerage sys-
tem (Table 2). The persisting difference between
the length of the water supply network and the
sewerage system is even more visible when com-
paring cities with rural areas.

According to the data of the Statistical Office
in Lublin [2017], the total length of the water sup-
ply network in all the communes of Bialski Dis-
trict in 2016 was over 1950 km (Table 3), which
constituted about 9.2% of the length of the water
supply network of the entire Lublin Voivodeship.
However, it was not distributed evenly [Statistical
Office in Lublin 2017].

The longest water supply network was
197 km in the Biata Podlaska Commune.
The shortest water supply network was in the
Rossosz Commune — 17.5 km. However, the
length of the water supply network should not
be a determinant for the evaluation of the drink-
ing water supply for the population, because it

depends on many factors, such as: the size of the
commune, the settlement method which is domi-
nant in a given area and the housing density. Such
a large disproportion between the length of the
water supply network proves a very spatially di-
verse settlement network. The commune with the
longest water supply network is at the same time
the largest commune of the Bialski District.

Among the analyzed communes, the highest
level of water supply was in the Migdzyrzec Pod-
laski commune — 99.2% of the population used
the water supply network (Fig. 3). It is charac-
terized by the second longest water supply net-
work in the district — 179.3 km and one of the
largest areas — 262 km?. The lowest percentage
of the population using the water supply system
was in the Lomazy Commune — 24% of popula-
tion. With quite a large area of this commune —
199 km?, in 2016 it was inhabited by half of the
population of the Miedzyrzec Commune, while
the length of the water supply network amounted
to 153.61 km and was one of the greatest in the
district. Such data prove dispersed population in
centres of the commune.

Table 2. Length of the water supply network and the sewerage system (in thousand km) in Poland in 2000-2018

[CSO 2019]

Length of the 2000 2005 2010 2015 2017 2018
Water supply network 211.9 245.6 272.9 297.9 303.9 307.7
Sewerage system 51.1 80.1 107.5 149.7 156.9 160.7
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Fig. 3. The level of the water supply network and the sewerage system in the communes
of Bialski District in 2016

The Surveys carried out in the neighbouring
districts show that in Radzyn District, the total
length of the water supply network in 2016 was
over 880 km and was used by 90% of the district
population [Bogusz et al. 2020]. In turn, in the
Parczew District, the total length of water supply
system was 630 km and on average was used by
88% of the population of the district [Micek et al.
2018]. Despite the fact that in 2016 the water sup-
ply network on the territory of Bialski District was
used on average by about 79.2% of the population,
the analysis of the collected survey data allows us
to assess the condition of the water supply infra-
structure in the discussed district as unsatisfactory.

On the basis of the analysis of the data from the
survey on the length of the sewerage network in
each commune of the Bialski District, it was found
that in 2016, it did not exist in the communes of
Drelow and Rossosz, whereas in the commune
of Sosnowka the sewerage system was still under
construction, and in the remaining 16 communes
it was already partly in operation. The total length
of the sewerage system in the Bialski District in
2016 was 497.5 km, which constituted 7.7% of
the length of the wastewater network of the entire
Lublin Voivodeship [Statistical Office in Lublin
2017]. The longest sewerage network — 98.8 km
was found in the commune of Piszczac. Its length
constituted almost 20% of the length of the net-
work in the whole district. The results of the survey
showed that the number of people using the sewer-
age system varied greatly and ranged from 15806
people in the urban commune of Migdzyrzec Pod-
laski to 406 people in the Tuczna Commune.

In order to be able to compare individual
communes, the average length of the network
per each inhabitant using the sewerage sys-
tem was calculated. According to the National
Municipal Wastewater Treatment Programme
[KPOSK 2017], the unit length of the sewer-
age network should not exceed about 8 m per
capita [Heidrich, Stanko 2008; AKPOSK 2017].
In the case of the Bialski District communes, only
three meet these requirements: the urban com-
mune of Migdzyrzec Podlaski — 3.9 m/M, L.omazy
— 6.6 m/M and Rokitno — 3.5 m/M. However, in
the case of the latter, it should be noted that this
is the shortest existing sewerage network in the
district with a length of 1 km. In three other com-
munes, a unitary length of the sewerage network
was slightly exceeded, as it was 8.0 in the com-
mune of Koden, 8.4 — Konstantynéw and 8.7 in
Janéw Podlaski Commune. The other communes
were characterized by a unitary length of the sew-
erage network which was many times greater than
the advised value, i.e: from 9.06 in the commune
of Terespol to 39.8 in the Tuczna Commune.

After analyzing the level of the sewerage sys-
tem in the communes of Bialski District, it was
noticed that it was high only in the urban com-
mune of Migdzyrzec Podlaski and amounted to
91.3%. In the remaining communes, it ranged
from 65.2% in the urban Terespol Commune and
61.2% in the Terespol Commune to 5.3% in the
Migdzyrzec Podlaski Commune. It should be
noted that in 5 communes (Biata Podlaska, Le$na
Podlaska, Miegdzyrzec Podlaski, Rokitno and
Tuczna) it did not even reach 20% (Fig. 3).
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Table 3. Length of the water supply network and the sewerage system and the number of water supply and the

wastewater system users in Bialski District in 2016

. Length of the Users of the water Length of the Users of the
Commune Population water supply supply network sewerage system | sewerage system
[people] network [km] [people] [km] [people]
Urban Miedzyrzec 17301 59.0 16228 62.3 15806
Podlaski
Urban Terespol 5830 28.4 5381 34.5 3804
Biata Podlaska 14000 197.0 6432 33.0 2670
Drelow 5593 109.7 3300 0.0 0
Janow Podlaski 5408 943 4608 21.5 2480
Koden 3756 89.9 3252 16.8 2100
Konstantynow 4247 88.5 3893 15.2 1815
Lesna Podlaska 4363 115.7 3710 8.2 682
tomazy 5228 153.6 1257 8.5 1286
Miedzyrzec Podlaski 10531 179.3 10444 10.5 557
Piszczac 7504 146.4 6715 98.8 4211
Rokitno 3142 88.8 2500 1.0 289
Rossosz 2331 17.5 1010 0 0
Stawatycze 2372 66.5 2294 22.6 1019
Sosnoéwka 2600 73.2 2251 - -
Terespol 6743 124.2 5947 55.1 4124
Tuczna 3309 104.6 2888 16.2 406
Wisznice” 5130 1343 4159 57.8 2251
Zalesie 4535 79.3 3831 35.5 1331
TOTAL 113923 1891.2 90100 497.5 44831
*(CS0 2016

The conducted research allowed deter-
mining that in the Bialski District 39.4% of
its inhabitants used the sewerage system, on
average, while in the neighbouring districts:
Radzyn — 35% of the population [Bogusz et al.
2020] and in Parczew — 48% [Micek et al. 2018].

A characteristic feature of the water and
wastewater management in the Lublin Voivode-
ship is that the development of the sewerage
system does not keep up with the needs. This
is due to the fact that the development of the
sewerage network is strictly conditioned by the
accessibility of the population to water sup-
ply, and its construction is more difficult and
expensive.

From the data of the Local Government
Portal [2017] concerning the water supply
and wastewater system management in Poland
it can be observed that in 2017, on the scale of
the whole country, about 84% of the country’s
population used a water supply network, while
only about 53% used a sewerage system. By
analyzing the urban-rural relationship, it can be
seen that less than a quarter of people used a
sewerage system in rural areas, compared to cit-
ies [Local Government Portal 2017].
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In the Bialski District, a clear difference is
also observed in the access of the population to
the water supply system — 79.2% and to the sew-
erage system — 39.4%. Poorer communes often
do not have sufficient funds for independent de-
velopment of sewerage infrastructure or for ob-
taining appropriate support [Statistical Office in
Lublin 2017].

In rural communes, mainly in the areas
with dispersed housing, the diversity in an ac-
cess to the infrastructure is very high. While
the level of water supply network is quite high,
the construction of the sewerage system is eco-
nomically unprofitable. The greatest disparities
were found in the commune of Miedzyrzec Pod-
laski, where the level of water supply was 99.2%
but the level of sewerage system was 5.3%. A simi-
lar situation was observed in the communes where
there was a water supply network, but no sewerage
system: Dreléw, Rossosz, Sosnowka and Rokitno.
In urban communes, the difference between the
percentage of the population using the water sup-
ply and the sewerage system was smaller (Fig. 3).

In rural areas, where buildings are not suffi-
ciently concentrated, there no sewerage system
was built. Municipal wastewater is collected in
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septic tanks and transferred to collective waste-
water treatment plants. In 2016, there were 20
collective  mechanical-biological ~wastewater
treatment plants with a capacity of 5 m*d on
the territory of the Bialski District communes.
The urban commune of Migdzyrzec Podlaski
had a treatment plant with the largest capac-
ity — 2000 m*d. This was due to its urban
character — it served a very large population.
On the other hand, in the Biata Podlaska Com-
mune, there was a collective wastewater treat-
ment plant with the smallest capacity — 30 m?*/d.

The surveys conducted in 2016 in the districts
adjacent to the Bialski District show that 12 col-
lective biological wastewater treatment plants
with a capacity of more than 5 m*/d were operat-
ing in the Parczew District [Micek et al. 2018]
and on the territory of the Radzyn District there
were 8 collective biological wastewater treatment
plants [Bogusz et al. 2020].

According to the National Urban Wastewa-
ter Treatment Programme (KPOSK), the use of
a collective wastewater system and a wastewa-
ter treatment plant is justified when there are no
less than 120 inhabitants per one kilometer of the
wastewater network (excluding house drains).

Table 4. Collective wastewater treatment plants
in the Bialski District

The households which are not connected to the
sewerage network discharge wastewater mainly
to septic tanks, as their construction does not in-
volve high financial outlays. However, many of
them do not fulfill their role, because the require-
ment of keeping tightness is not maintained dur-
ing construction, which results in the migration
of pollutants to the ground and groundwater pol-
lution. This is due to a low ecological awareness
of the inhabitants of Bialski District and lim-
ited financial resources. The results of the survey
from 2016 did not allow to determine the exact
number of septic tanks existing in the Bialski
District, because 13 communes did not provide
any information about them. The data from
6 communes indicate the existence of 1662
such facilities, only 528 of which (almost
32%) signed an agreement with a company ac-
countable for treating pollutants. This may in-
dicate that a significant part of wastewater
was not received to collective wastewater treatment
plants, but was poured into fields, which might
lead to the degradation of the groundwater quality.

In the rural areas with scattered housing,
it is reasonable to invest in the construction
of household wastewater treatment plants.
Their number is steadily increasing every
year because they are much cheaper to oper-
ate than septic tanks [Karolinczak et al. 2015].
The following technological systems can be used

Name of the Name of the Capacity of the in household wastewater treatment plants: sep-
commune wastewater treatment plant tic tank with drai ¢ tic tank with
treatment plant [m3/d] 1C TankK wi ramage sys‘ em, Seplic tank wi
Biata Podlaska Woroniec 30 ground filter (sand), container wastewater treat-
Janow Podlaski Janow Podlaski 400 ment plants with active sludge, container waste-
] Koden 600 water treatment plants with biological bed and
Koden Kostomtoty 70 constructed wetlands [Pawelek, Bugajski 2017].
Konstantynow Konstantynéw 320 The conducted survey shows that in 2016
Leséna Podlaska Lesna Podlaska 400 there were 4437 household wastewater treatment
tomazy tomazy 250 plants of various types in the communes of the
l(\/lﬁ)izn};rzec Podlaski|\ic 4oy rzec Podlaski 2000 Bialski District (Table 5). Figure 4 shows the
& _ number of household wastewater treatment plants
Dabrowica Mata 3 in individual communes in the Bialski District.
Piszczgc Piszczac 360
Trojanow 150
Rokitno Cielesnica 90 Table 5. Types of household wastewater treatment
Stawatycze Stawatycze 300 plants in the Bialski District
Terespol Koroszczyn 500 Type of a wastewater Number of facilities
Terespol (urban) Terespol Wschod 600 treatment plant in the district
Tuczna Tuczna 120 Drainage systems 3559
o Wisznice Kolonia 380 Active sludge 660
Wisznice :
Marylin 50 Constructed wetlands 171
. Zalesie 100 Hybrid systems 40
Zalesie T ; ;
Kijowiec 50 Biological beds 7
TOTAL 6805 TOTAL 4437
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Fig. 4. The number of household wastewater treatment plants in the communes of the Bialski District in 2016

The data presented in Table 5 show that the
treatment plants based on a technological system
with a septic tank and drainage system consti-
tuted 80.2% of all the household facilities in the
commune. They are easily accessible and afford-
able, which is why they are willingly bought and
installed by the inhabitants of this region. How-
ever, they do not offer the possibility to control
the quality of the treated wastewater, as their op-
eration is based on discharging the mechanically
treated wastewater into the ground. Such a prac-
tice may cause the groundwater quality degrada-
tion [Jucherski, Walczowski 2001; Jozwiakowski
et al. 2014; Pawelek, Bugajski 2017]. Therefore,
it is necessary to promote and implement such
solutions which limit the possibility of environ-
mental pollution, ensure high effects of wastewa-
ter pollutants removal and will be characterized
by high reliability of operation. Such facilities
include conventional wastewater treatment meth-
ods and constructed wetlands, which are recom-
mended by many authors [Debska et al. 2015;
Gajewska et al. 2015; Jozwiakowski et al. 2015;
Gizinska et al. 2016; Jozwiakowski et al. 2017,
Jozwiakowski et al. 2018; Jucherski et al. 2017].

In order to solve the existing problems con-
nected with water and wastewater management
occurring in the communes within Bialski Dis-
trict, it is necessary to further develop not only
collective water supply and sewerage systems
but also municipal wastewater treatment plants,
as well as to equip the areas characterized by
dispersed housing with highly efficient house-
hold wastewater treatment plants, such as con-
structed wetlands.
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CONCLUSIONS

. The current state of the sanitary infrastructure in
the communes, within the area of the Bialski Dis-
trict, is not satisfactory and may have a significant
impact on the pollution of the natural environment.

. A very large disproportion between the state of
the water supply system and wastewater sys-
tem was observed in the analyzed communes.
In 2016, the length of the sewerage system
constituted only 26% of the length of the water
supply network.

. In 2016, the water supply system was used by
79.2% of the district inhabitants, on average. In
four communes the percentage of the popula-
tion using the water supply system did not ex-
ceed 60%, in the remaining communes it was
between 80 and 100%.

. It was found that 39.4% of the population used
collective wastewater disposal systems in the
communes of the Bialski District, whereas three
communes did not have any sewerage systems.

. In 2016, there were 20 collective mechanical-bio-
logical wastewater treatment plants with a capaci-
ty of more than 5 m*/d in the Bialski District com-
munes. Their total capacity was over 6800 m?/d.

.In 2016, more than 4400 household waste-
water treatment plants operated in the Bialski
District, over 80% of which were the facilities
with drainage systems.

. In order to protect the natural environment in
the Bialski District, it is necessary to undertake
investment activities that will contribute to the
improvement of the current state of the sani-
tary infrastructure. Particular attention should
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be paid to the need to build and modernize the
water supply networks and collective systems
for wastewater collection and treatment.
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