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Abstract

The trend of decentralized treatment of wastewater from urbanized areas is becoming more and

more topical. Sewage is discharged to a sewage treatment plant, and rainwater runoff from paved areas

is drained into a watercourse or is absorbed or evaporates to enter the natural cycle of water. This is the

case as shown in our research in monitoring the changes in flow rate and changes in water quality in

the millrace. After construction of vacuum sewerage systems in the villages of ZbySov and Hostéradky-
Resov, the households were gradually connected to the sewerage system, thus reducing the flow of water

in the millrace. To monitor changes in water quality, regular measurements were made on 5 profiles and

water was sampled, analyzed and evaluated. The results were then compared with the standards set out
in the valid legislation of the Czech Republic. Research showed that the water quality of surface water
can be improved by reducing the burden of discharged sewage water into the flow. However, reduced
flow rates in the flow can lead to higher concentrations of pollutants. This can also be caused in the long

term by agricultural activities in the area of interest.
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Introduction

Wastewater discharge and treatment is today one
of the priorities of strategic planning within the South
Moravian Region and the whole of the Czech Republic.
Wastewater drainage and its subsequent cleaning
are basically resolved with respect to the adoption

*e-mail: vera.hubacikova@mendelu.cz

of EU legislative conditions in the Czech Republic
for municipalities with more than 2000 inhabitants.
Attention is now being directed to municipalities
with fewer inhabitants. Existing wastewater treatment
plants are currently focusing mainly on the removal of
phosphorus from wastewater. Significant amounts of
phosphorus in wastewater and its insufficient removal
by treatment plants causes problems with eutrophication
of surface waters, especially in tanks [1]. The problem of
eutrophication and increased concentrations of pollution
in tanks has also multiplied in recent years due to high
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temperatures and droughts, where minimal inflows into
tanks and increased evaporation cause low water levels
in reservoirs and consequently increased concentrations
of pollutants. The increasing share of hard surfaces
and a growing number of residents in rural landscapes
in the last decade brings interference with the natural
circulation of water and chemical components. Also,
intensification of agriculture, use of mineral fertilizers,
chemical weed control, pest management and natural
chemical processes on land [2]. The circulation of
water and chemical components in rural landscapes
has been seriously disrupted in recent decades as a
result of growing civilization, including intensification
of agriculture, the application of mineral fertilizers,
and chemical weed and pest control [3]. Many types of
pollutants enter surface waters from urban, industrial,
and agricultural lands. Due to the use of large areas of
arable land, agricultural activity is a major source of
nutrients and harmful chemicals [4].

It is not rare when a situation arises where the only
source of surface water is the effluent from WWTPs.
In 2010, in the South Moravian Region alone, a total
of 53.542 million m?® of treated water was discharged
from WWTPs to surface waters [5]. This considerable
amount deserves attention, especially at a time when
the importance of these waters for the supply of streams
and reservoirs is increasing, and with the increasing
number of connected inhabitants in the new WWTP
the volume of these waters will increase slightly.

Newly constructed sewerage systems are now built
only for sewage drainage, and rainwater is dealt with
separately. The rainwater management (RWM) concept
in an urbanized river basin reproduces as closely as
possible the natural outflow characteristics of a site
prior to urbanization [6]. So-called decentralized
drainage is the basis of the RWM, the essence of which
is to deal with the precipitation runoff at the site of
its origin and return it to the natural cycle of water.
In the narrowest sense, nature-friendly measures and
equipment RWM are those which promote evaporation,
infiltration and slow runoff into the local water cycle. In
a broader sense, this includes equipment that at least in
some ways contributes to the maintenance of the natural
water cycle and to the protection of watercourses, such
as accumulation and use of rainwater or retention, and
regulated (delayed) drainage into the sewer system
[7, 8]. This sewage treatment solution, where sewage
is conducted to WWTP through the sewerage system
and rainwater is addressed separately in a decentralized
manner, applies to new housing developments —
especially in newly built parts of urban areas.

When dealing with the connection of older
settlements, especially small municipalities (under
2,000 inhabitants), only sewerage is addressed, and
rainwater is basically not dealt with at all, its disposal
being left up to the individual owner of a particular
property.

The present research deals with municipalities in the
South Moravian Region, where sewerage was built and

connected to the WWTP. In previous years, wastewater
from septic tanks and cesspits was drained along with
rainwater via the same sewage system into the bed of
the former millrace. Today the tributary flow from these
facilities in the village to the millrace is minimal, and
virtually zero in the dry period.

As the research cited below and some of the
experiences and research from neighbouring countries
shows, rainwater management can also bring
unexpected effects and impact the landscape or the
quality of surface waters [9, 10]. There is, therefore,
an ever-increasing need to find the most efficient ways
to manage water in the landscape. Both with respect
to water obtained from precipitation in the open
countryside as with water from developed areas, mainly
with older deveopments.

To monitor the change of the water regime and the
change in the quality of water as a result of the reduction
of discharged wastewater into the surface waters, we
chose the water flow through Zbysov, Hostéradky-
Resov and Ujezd u Brna. In the past, the millrace was
used to power mills, later for sewage disposal from
surrounding villages. As a result, the bed is loaded with
pollutant chemicals along with a high organic content
and sediment. In spite of this considerable load, due to
its natural self-cleaning ability, the millrace becomes a
significant water and wetland biotope. This is significant
in this area relatively poor in the natural occurrence of
surface water.

In 2011 Povodi Moravy, s.p. at the request of Zbysov,
cleaned the inflow and the trough of the millrace for
about 300 m up to the start of the village, thus renewing
the flow in the millrace and restoring the original
biocorridor. The water level of the small flowing
channel has attracted aquatic animals such as the
muskrat (Ondatra zibethicus), heron (Ardea cinerea),
water insects (big bradawls and dragonflies (Libellula
depressa) and amphibians. It also has ensured the
growth of aquatic plants and the specific microclimate
along the watercourse. At present, the millrace channel
on the right bank of the Litava River near a solid weir is
only clogged with waste to a slight degree. Both small
hydropower plants on the millrace, which are located in
the former mills, are inoperative. In times of increased
rainfall, the original trough drains a portion of the
floodwater from the sub-basin. The millrace also passes
through the Hostéradky-Resov municipality. The bed
of the millrace here is largely clogged with sewage and
overgrown with bushes [11].

Prior to the construction of sewerage in the village,
sewage and cesspools were connected to the millrace.
In 2015 municipal sewage sewers were completed. The
inhabitants were confessed to connect to this sewerage
via the house’s overflow shaft. In the same year the
Saratice wastewater treatment plant was put into
operation, to which ZbySov and Hostéradka-Resov are
also connected. The rainwater drainage system remained
in the village with open waterways in the millrace,
but currently the race is only subsidized by rainwater.
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The research was focused on annual monitoring of
water quality change in the millrace and reduction of
flow rate due to the connection of households to the
sewerage system [12].

The monitored area lies in the Litava River basin,
which is the left-side tributary of the Svratka. The
catchment area is 769.8 km?, the flow is 58.3 km, and
the average flow at the mouth is 1.53 m*s”'. The Litava
flows mainly through intensive agriculture-managed
landscapes. The river is situated at an altitude of
510 m northeast of the village of Cetechovice in the Zlin
region. It flows from the west to the southwest direction,
at the village of Zidlochovice, at an altitude of 180 m
asl, and it flows from the left to the Svratka in its river
km 29. The bed of Litava is modified along most of its
length, both directionally and in its transverse profile.
It is a trapezoid trough with levees above the
surrounding terrain.

Approximately at km 18.6 of the Litava River, a
millrace turns off from the right bank near Zbysov,
originally used to feed the mill. On some maps this
millrace is sometimes referred to as Mill Creek.

The total length of the race is about 5.7 km and
it flows through ZbySov and Hostéradky-Resov,
and on the outskirts of Ujezd u Brna it flows back
again into the Litava. Small, unnamed and mostly
seasonal watercourses also inflow to the millrace
and, until recently, the sewerage outlet from adjacent
municipalities [13].

Materials and Methods

Metering using a multiparameter meter (pH,
conductivity and dissolved oxygen) was chosen to
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assess the change in water quality of the millrace.
These measurements were taken from December 2015
to December 2016. This span includes the period
during which the inhabitants were gradually hooked
up to the newly constructed sewerage network. The
measurements were carried out regularly every
month. These field measurements were supplemented
by laboratory analyses of the samples taken. Water
samples were taken with a periodicity of three months
in December, March, June, September and December.
A total of five sampling points was set: SP1 — Litava
River, river km 18.7, before the millrace turned off. The
second point of departure was the SP2 — the millrace,
at river km 5.3 per mill. SP3 — the millrace, river km
4.6, behind the village Zbysov. SP4 — the millrace, river
km 2.1, behind the village of Hostéradky-Resov. River
Litava SP5 river km 13.9, in the town of Ujezd u Brna
was chosen by the last sampling profile (Fig. 1).

At each sampling profile, the pH and temperature
were determined in the field using the portable HQ30d
multi-parmeter meter and special INTELLI-CAL probes
from the HACH LANGE Company, made in USA.

Water samples from streams were collected in
December, March, June, September and December.
The samples were then analyzed in the laboratory. The
following indicators were determined: nitrate nitrogen,
chemical oxygen demand (COD) and total phosphorus.
Sample analyses were conducted in the laboratory of the
Depatment of Applied and Landscape Ecology using a
HACH thermoregulator and spectrophotometer.

Samples were processed in the Water Management
Laboratory of the Department of Applied and
Landscape Ecology of Mendel University in Brno.
The analyses were performed by spectrophotometer
DR/4000 from HACH LANGE Company, made in

Blosteradky-

h

—— 7 byiovsky millrace

River Litava

Fig. 1. Interest areas — sampling profiles (source: www.mapy.cz, edited by author).
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Table 1. Limit values of chosen indicators according to GD No.
401/2015 Sb.

Environmental quality stand-
' ] ard (EQS)
Indicator Units GD No. 401/2015 Coll.
Average value

COD_, mgl! 26
oxygen saturation | mgl! >9
total phosphorus mgl! 0.15
pH - 5-9

USA. For determining total P, COD,, the samples are
not filtered and had to be treated in the mineralization
thermostat (total P 150°C, 30 min; COD_, 150°C,
120 min).

For determining the chosen indicators, nitrate
nitrogen, the samples were filtered and subsequently
treated according to the HACH LANGE manual.
Laboratory work mainly consisted of the precise
uptake (the control sample and the sample) and
subsequent adding of reagents, then mixing, keeping
of given time intervals and inserting samples into the
spectrophotometer according to the Hach Lange method
[14].

The results obtained were evaluated in compliance
with Government Decree No. 401/2015 Sb., as amended
to specify the Environmental Quality Standard (EQS;
Table 1).

Results and Discussion

The pH wvalue affects chemical and biological
processes in water. Surface waters, apart from peat
waters and acidified water reservoirs and lakes,
have pH values ranging from 6.0 to 8.5 [15]. Annual
measurements show a progressive increase in the pH
segment in all measured profiles in the monitored
section. The pH value stabilizes as neutral. Spring pH
measurements show slightly alkaline values that are
outside the EQS limit (min. value 5). These may be
caused by increased supplements of discharged sewage

into the millrace (Fig. 2).

Oxygen gets into the water either by diffusion
from the atmosphere or by photosynthetic assimilation.
Its water solubility is indirectly dependent on the
temperature and the concentration of the solutes in
the water. Government Decree No. 401/2015 Sb., as
amended, specifies the EQS form oxygen saturation >
9 mg.l-1. From the graph (Fig. 3) it is evident that in
profiles 2, 3, and 4 there is a lack of dissolved oxygen
throughout the monitored period. This is likely to be
due to the amount and composition of wastewater
discharged into the millrace. At the end of the monitored
period these values also correspond to the reduced flow
rate due to the gradual connection of the population to
the sewer systems in the municipalities.

Nitrates are found in almost all waters and are
among the major anions. Their concentration in natural
waters is increasing as a result of population growth
and agricultural activity [15]. Nitrates are the ultimate
product of the decomposition of nitrogenous substances
of organic origin under aerobic conditions. The nitrate
content of surface waters is related to the degree of
eutrophication and is one of the specific indicators of
the chemical composition of surface water [16].

Nitrate nitrogen is in the area of interest that
oscillates around the limit of EQS (5.4 mgl' N-NO,).
Profiles 1 and 5 are located in the Litava stream and
are defacto control for Profiles 2, 3 and 4. These vary
greatly during tracking. The second and third profiles
from the second half of 2016 show comparable results;
on the contrary, profile 4 shows the highest nitrate
nitrogen values in September 2016 (Fig. 4). This value
progression of nitrate nitrogen occurring in the millrace
can be due to a more active connecting of households
to the sewage system in the village of ZbySov than in
Hostéradky-Rasov, which is evident from profile 4.

Furthermore, the concentrations of N-NO,
correspond to the total flow rate of the water in the
millrace, which since mid-summer has been subsidized
by total lower precipitation.

In natural waters and wastewater, phosphorus occurs
predominantly in the form of different phosphates. The
pH of water [17] is determined by whether inorganic
orthophosphates take the forms of PO,*, HPO?,
H,PO, or H,PO,. Total phosphorus is determined

Table 2. Limit values of chosen indicators according to Czech standard CSN 75 7221.

Clas§
Indicator Units Czech standard CSN 75 7221

I II I v \Y
Conductivity mSm! <40 <70 <110 <160 >160

Oxygen saturation mg! >7.5 >6.5 >5 >3 <3
COD,, mgl! <15 <25 <45 <60 >60
Nitrate nitrogen mgl! <3 <6 <10 <13 >13

Total P mgl! <0.05 <0.15 <0.4 <1 >1
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by the amount of inorganic orthophosphate (PO,*),
polyphosphates and organically bound phosphorus.
Phosphorus is obtained in the form of orthophosphates
and polyphosphates from fertilizers, washing and
cleaning agents, etc. Organically bound phosphorus is

derived from decomposition products of fauna and flora
and animal waste, but also from chemical preparations
used in agriculture. During the observed period, overall
phosphorus was above the limit values compared to
the environmental quality standard (0.15 mgl™).
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Fig. 6. Course of COD concentrations.

For profile 4, this is even more than a multiple of this
limit. The presence of municipal wastewater is again
the main reason for these over-limit values.

Chemical oxygen demand (COD) is a comprehensive
indicator of all organic pollution, regardless of whether
it is a biodegradable substance or not. Chemical
oxygen demand is defined as the amount of oxygen
corresponding to the consumption of the oxidizing
agent in the complete oxidation of the organic
substances contained in the water [18, 19]. Potassium
dichromate (K,Cr,0.) is used as an oxidizing agent,
and we are talking about chemical oxygen consumption
by the dichromate method (CHSK_). COD denotes
organic water pollution. The results show that profile 4
exceeds by many times the EQS limit (O value 26 ml1")
(Fig. 6). In other profiles, CHSK wvalues are also
exceeded in some cases due to the discharge of large
amounts of wastewater into the flow.

Over the last 25 years, water quality has improved
significantly, but there are still (though only short)
stretches of watercourses classified in the 5" class
of surface water quality. According to the basic
classification, most water courses fall into Class III.
— contaminated water. However, compared to the

GD No 401/15 Sb.(@ value 26)

two-year period 2014-2015, water quality has also
improved in some stretches of larger flows in Class II. —
slightly polluted water [20].

The water quality assessment in the mill stream
corresponds to Czech standard 75 7221 with the
Report on the State of Water Management of the Czech
Republic in 2016. Specific profiles SP2, SP3 and SP4
fall under the indicators: dissolved oxygen up to the
3151 grades, total phosphorus to 3%-5" grades, COD
SP4 — 5" grade and SP2-SP3 profiles to the 3%-grade
quality. Concentration of nitrate nitrogen is in class
4 (Table 2).

In the comprehensive comparison of the monitored
indicators it can be said that after gradually connecting
the households to the sewerage system, some of the
indicators approach the limit values that are anchored
in the legislation of the Czech Republic (GD No. 401/15
Sb.). These are mainly pH indicators. It is also evident
that profiles 2 and 3 show a positive development
in terms of total phosphorus and nitrate nitrogen
concentrations. In the sampling profile 4, the indicators
of dissolved oxygen, COD, total phosphorus and nitrate
nitrogen show that households in Hostéradky-ReSov are
connecting to the sewerage system at a slower pace than
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in Zbysov. In this village, there is visible improvement
in the concentration of all indicators.

Agriculture is recognized as one of the branches of
the economy that has led to major problems in water
environments, such as eutrophication and ecosystem
damage. In European Union countries, various measures
have been introduced as part of catchment basin
management planning as a means of tackling problems
of diffuse pollution from agriculture [2]. Nevertheless,
we can also assume that the above-limit concentration
of almost all indicators is partly related to the use of
land in the monitored area, which is used exclusively
for agricultural activity.

Nitric applied to croplands has been blamed as the
major source of N in surface water in the agricultural
watershed [22]. For example, Zhao et al. [22] showed
that the the largest source of N load in the surface
water of LRW was rural human and livestock excreta,
accounting for 43.3% of the total load. The plant
nutrients and soil material eroded from the fields
contribute to water eutrophication [23].

Unfortunately, there is also a second observation
factor, which is the change in the flow rate of water in
the millrace. The connection of households to WWTPs
gradually reduces the flow rate and consequently
reduces the self-cleaning capacity of the flow in
the millrace, because the flow is only dependent
on the supplement from the precipitation water,
which mostly decreases in the summer months. This
results in complete draining of the feeds into the mill
stream, and the subsequent drying of the millrace
itself. During the year’s tracking, the watercourse was
shortened by almost 100 m, which is a very alarming
finding.

Conclusions

The objective of this paper was to monitor the
change of water quality and flow while changing the
flow rate in the stream due to the construction of sewer
neighbouring villages Zbysov a Hostéradky -ReSov.
Sewage is now held at the newly built sewers and sewage
treatment plant water flow, as in the past, man-made
millrace, is now supplemented only by precipitation
totals. The monitoring took place immediately after the
call to connect the households to the sewerage system.
Five profiles were monitored - the 1% and 5" profiles
were selected on the Litava River, before the turn of
the millrace and after the drifting back to Litava and
served as control. Measurement profiles 2, 3 and 4
were selected directly in the millrace so that we could
monitor the influence of the two municipalities on
changes in it. The measured and analyzed samples were
subsequently compared with GD No 401/15 Sb. and with
Czech standard 75 7221. After one year of monitoring
and analyzing samples of water from the flume it can be
stated that the quality of water shows improvement in
the selected indicators of pH, as well as persisting over

limit values for particular parameters: total phosphorus,
nitrate nitrogen, and dissolved oxygen COD. Although
the water is discharged from sewage water, the
contaminated water remains in the flume. The water is
less frequent, and the water flow is shortened by about
100 m during the year. It is now necessary to focus
more closely on the management of the surrounding
plots of land in the catchment area, where agriculture
is predominantly undertaken on private lands. It can be
the biggest polluter of the current [24]. As mentioned
in the paper, this flow becomes a significant water
and wetland biotope. This is in an areca where natural
surface waters are mostly lacking. That is why it would
be advisable to pay more attention in the future, not
only in the form of further monitoring of water quality
but also in the creation of a new wetland.

In the context of climate change, we will now
continue to face similar challenges. The situation
described in this article is triggered by the new
legislation of the Czech Republic, which reduces the
discharge of polluted waters into surface waters. A
similar situation occurs also due to dry years, when
there is a minimal inflow of surface water from
precipitation and a significant source is then purified
wastewater from built-up areas. The law in the Czech
Republic to EU legislation and, in the other member
states is addressed the issue of discharge of urban
wastewater into surface water and their impact on water
flows [25]. It must be paid to the modeling of various
scenarios for determining the behavior of aquatic
habitats in response to low flow rates [26].
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