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* Correspondence: djurdja.kerkez@dh.uns.ac.rs

Abstract: The change in the way of life caused by the introduction of social restriction measures
(closures, the restriction of working hours, and restriction of movement) by governments and thus,
the resulting changes in people’s behavior, have affected all aspects of life, i.e., social activities,
business, the environment and the performance of the infrastructure of the water supply system.
Social distancing policies around the world in response to the pandemic have led to spatio-temporal
variations in water consumption and therefore, to changes in the flow of wastewater, creating potential
problems in the infrastructure, operation and quality of services. The goal of this work was to examine
how these changes and how the pandemic itself affected the characteristics of municipal wastewater.
Data on the quantity and quality of municipal wastewater in four settlements of different sizes in
the Republic of Serbia in the period from 2015 to 2022 were collected. The data indicated an increase
in the amount of wastewater generated in 2020, which may be a consequence of excessive water
use. An increase in the mean concentrations of most parameters in 2020 compared to the previous
five-year average was also observed. The most significant changes were observed concerning the
concentrations of organic matter (2–124%), nitrogen (6–80%), phosphorus (14–91%), suspended
matter (8–308%), fats and oils (97–218%) and surfactants (12–110%). Changes in terms of increasing
concentrations were also noticed after the peak of the pandemic, i.e., in the period from 2021 to 2022.
In addition, an increase in the COD/BOD ratio from around 2 to around 4 in the year 2020 was
also observed (COD—Chemical Oxygen Demand; BOD—Biological Oxygen Demand). This is very
important and should be taken into account in wastewater treatment procedures in order to achieve
high efficiency in the operation of the plant itself.

Keywords: wastewater; pollution; COVID-19; characterization; public policy

1. Introduction

The date 11 March 2020 marks the day when the World Health Organization declared
a global pandemic caused by the COVID-19 virus [1]. The COVID-19 pandemic has
spread rapidly around the world, having unexpected and diverse effects on mental health,
lifestyles, the stability of economies and societies. The change in our way of life caused
by the introduction of social restriction measures (closures, the limitation of working
hours, restriction of movement) from the government, and thus the resulting changes
in people’s behavior, affected all aspects of life, i.e., social activities [2,3], business [4],
the environment [5–7] and the performance of the infrastructure of the water supply
system [8–10].

The closure of national borders in the first half of 2020 led to short-term improvements
in the environment in Europe. The reduced intensity of all types of traffic has led to
improved air quality and noise levels, with nitrogen dioxide (NO2) concentrations in some
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cities decreasing by up to 60% and greenhouse gas (GHG) emissions in the EU decreasing
by 10% compared to the same period in 2019 [11,12].

On the other hand, the need for protective and other disposable equipment has
led to an increase in the production of plastic waste [13]. This situation, at the global
level, is the result of the conflicting goals of human health protection and environmental
protection policies, and it requires finding sustainable ways to achieve a compromise
between these goals.

The impact of human health protection measures during the pandemic on wastewater
as another waste stream has been analyzed in the studies published so far. Namely, social
distancing policies around the world, in response to the pandemic, have led to spatio-
temporal variations in water consumption [8,14], and therefore, to changes in the flow
of wastewater, creating potential problems in the infrastructure, operation and quality of
services [15]. It is known that the quantity and composition of municipal waste-water show
characteristic variations depending on the day, week and year [16,17] as well as on the
standard of living, the level of development and of water consumption, the wastewater
removal method and other factors such as the meteorological conditions [17]. Changes in
the quality and quantity of wastewater can affect the operation of wastewater treatment
plants, which can have an indirect negative impact on the quality of recipient water, aquatic
organisms and human health. Therefore, it is important to establish an efficient wastewater
management system [18] in regular and emergency situations.

After the outbreak of the pandemic, the focus of numerous studies was the detec-
tion of the presence of viruses in wastewater and sludge after the wastewater treatment
process [19–26]. The main goal of these research studies is to develop an effective tool
for early warning—the detection of the presence of the virus and the determination of
its persistence in the population—in order to supplement clinical testing and formulate
appropriate mitigation measures [27–29].

In other studies, the effects from the recommendations of the World Health Orga-
nization for the more frequent disinfection of hands and surfaces in order to limit the
spread of the virus were determined in terms of a greater amount of water consumed
and the increased use of various cleaning agents, which was reflected in the quantity and
quality of the wastewater [6]. An increase in the concentration of surfactants, biocides and
cationic quaternary ammonium surfactants in wastewater was observed by some testing
methods [30,31]. There is a concern that the presence of such chemicals could lead to the
inhibition of biological wastewater treatment as well as malfunctions and stoppages in the
operation of the wastewater treatment plant itself [32].

The first case of COVID-19 in the Republic of Serbia was confirmed on 6 March 2020.
About 2.4 million patients were registered by November 2022. During 2020, the largest
increase in the number of infected people both globally and in the Republic of Serbia was
achieved. The authorities adopted certain measures to suppress the spread of the virus,
which included a state of emergency from 15 March to 6 May 2020. During that period,
state borders were closed, as well as numerous institutions and gathering places. After the
abolishing of the state of emergency and until the end of the year, there were still numerous
restrictions and measures that had a significant impact on the way of life of the population.

About 19% of the total amount of wastewater produced in Serbia is treated, while the
quantity and quality of untreated wastewater is not monitored in all the agglomerations
where it is generated. During the emergency situation, in agglomerations with wastewater
treatment, supervision was carried out with a significantly lower intensity and without
predetermined procedures. The aim of the work was to perform a screening analysis
of the potential changes in the quantity and quality of wastewater within the period of
the implementation of public policy measure to prevent the spread of infection and to
determine the significance of these changes. The data were collected from different water
utility companies. For this purpose, agglomerations of different sizes were selected. The
obtained results were used to assess the need for the development of special protocols
to mitigate the impact of implementing policies in similar, extraordinary conditions on
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the one hand and the need to consider these changes in the design of future wastewater
treatment plants on the other.

2. Materials and Methods

The results from testing the quality and quantity of the raw wastewater from four
settlements in the Republic of Serbia for the period from 2015 to 2022 were processed. Data
on wastewater quantity measurements were only available on an annual basis, while data
on wastewater quality were available on a monthly basis. Settlements were selected based
on the distribution of settlements by size (settlement 1 is about 150,000 PE (population
equivalent), settlement 2 is about 100,000 PE, settlement 3 is about 15,000 PE and settlement
4 is about 5000 PE). Industrial wastewater is also present in the wastewaters of settlements
1 and 2. Settlements 2, 3 and 4 have primary wastewater treatment (sedimentation),
while settlement 1 discharges wastewater into the recipient without any treatment. The
settlements were chosen based on their size as representatives of the Republic of Serbia’s
northern province. They differ only in size, i.e., the number of inhabitants, while their
lifestyles are nearly identical. Suburban settlements, like urban settlements, have equal
access to all important institutions.

The data included the following parameters: flow (measurement carried out by the
utility company), pH (SRPS H.Z1.111:1987), conductivity (Cond—SRPS EN 27888:1993),
settleable solids (SS—P-IV-8), total suspended matter (TSS—SM 2540 D), total dissolved
solid matter (TDS—SM 2540 B), chemical oxygen demand (COD—SRPS ISO 6060:1994),
biological oxygen demand (BOD—H1.002), total Kjeldahl nitrogen (TKN—H1.003), am-
monia nitrogen (N-NH4

+—SRPS ISO H.Z1.184:1974), nitrate nitrogen (N-NO3—SRPS ISO
7890-3:1994), nitrite nitrogen (N-NO2—SRPS EN 26777:2009), total phosphorus (P-total—
SRPS EN ISO 6878:2008), ortho-phosphates (PO4

3− SRPS EN ISO 6878:2008), oils and fats
(O&G—EPA 1664 A:1999) and surfactants (Surfactants—SRPS EN 903:2009). The analysis
was performed by accredited laboratories (SRPS ISO/IEC 17025:2017).

Statistical analysis was performed using the Microsoft Excel program. Basic statistical
quantities (mean value, standard deviation and coefficient of variation) were calculated
based on the assumption that the data were normally distributed. In order to quantify
the nature of the distribution, the skewness and kurtosis coefficients were calculated. The
skewness coefficient is a measure of the symmetry of the data around the mean, and the
kurtosis coefficient is a measure of whether the data are peaked or flat relative to the normal
distribution [33]. For a normal distribution, the coefficient of asymmetry would be zero,
while its coefficient of kurtosis would be 3 [34].

3. Results
3.1. Wastewater Quantity

The wastewater quantity values for selected settlements are expressed on an annual
basis for each year in the 2015–2021 period and shown in Table 1. Data on the measured
quantities of wastewater show that in all agglomerations there was an increase in the
produced wastewater amount in the period between 2015 and 2021. The amount of waste
water produced during the pandemic (in 2020) was higher than the previous five-year
average by 5–33% (5% for a settlement of 5000 PE, 33% for a settlement of 15,000 PE, 24% for
a settlement of 100,000 PE and 10% for a settlement of 150,000 PE). The increased amount
of wastewater produced in all the investigated settlements is a result of the common, equal
way of life between urban and suburban areas.



Sustainability 2023, 15, 3047 4 of 12

Table 1. Wastewater quantity in settlements (expressed in m3/year).

Settlement 2015 2016 2017 2018 2019 2020 2021

150,000 PE 3,300,492 3,426,820 3,159,493 3,256,810 3,358,010 3,626,640 3,582,630
100,000 PE 1,522,175 2,514,407 2,602,763 2,710,380 2,337,561 2,897,052 2,842,068
15,000 PE 179,655 183,485 238,881 244,920 271,904 297,823 322,113
5000 PE 102,243 106,875 105,568 105,568 104,440 109,903 107,542

3.2. Wastewater Quality

Wastewater management during the pandemic is a special challenge due to the in-
creased production of wastewater as well as due to the changed composition. Statistical
processing of data on the quality of wastewater for the period from 2015 to2022 showed
that the concentrations of the wastewater quality parameters did not follow a normal
distribution, as indicated by the values for kurtosis and asymmetry, which largely deviated
from 3 and 0, respectively (Table 2). There is a high variability in these data for most of the
examined parameters, which is indicated by the variance in each parameter of the quality
of wastewater.

Table 2. Mean, variance, skewness and kurtosis of wastewater quality data (2015–2022).

Parameter, Unit Mean Variance Kurtosis Skewness Mean Variance Kurtosis Skewness

Settlement 5000 PE Settlement 15,000 PE

pH 8.20 0.26 4.84 −1.26 7.74 0.95 16.57 −3.71

Cond, µS/cm 2862.33 10,387,069.12 39.78 5.93 1599.71 64,883.75 −0.33 −0.12

SS, mL/L 0.31 0.42 31.55 5.34 3.86 159.75 27.23 5.11

TSS, mg/L 311.26 234,900.16 43.28 6.23 316.62 143,401.82 3.64 1.82

TDS, mg/L 2344.77 12,149,832.31 10.31 3.35 1085.61 26,526.25 0.38 0.31

COD, mg/L 585.33 123,604.29 7.65 2.15 432.42 122,476.72 0.42 0.99

BOD, mg/L 353.41 38,233.85 −0.70 0.35 246.65 42,746.57 −0.50 0.82

TKN, mg/L 86.99 1408.46 0.32 0.39 39.35 426.81 −0.11 0.76

N-NH4, mg/L 24.64 209.41 1.70 1.09 19.40 303.55 1.92 1.61

N-NO3, mg/L 0.24 0.46 38.19 5.87 0.52 0.35 0.15 1.24

N-NO2, mg/L 0.01 0.00 7.35 2.65 0.06 0.00 −0.16 1.00

P-total, mg/L 3.28 3.36 5.69 2.08 2.26 1.28 7.11 2.22

P-PO4, mg/L 2.19 2.31 14.48 3.10 1.57 0.46 1.17 0.82

O&G, mg/L 147.33 7265.59 2.14 1.16 98.12 10,905.37 15.82 3.59

Surfactants, mg/L 8.49 32.63 −0.15 0.74 3.96 12.44 1.27 1.30

Settlement 100,000 PE Settlement 150,000 PE

pH 7.91 0.22 −1.06 0.23 7.69 0.31 −1.00 0.06

Cond, µS/cm 1781.39 179,748.88 7.06 2.29 2243.33 1,156,129.28 18.42 3.94

SS, mL/L 1.71 7.36 6.02 2.42 8.79 71.00 10.18 2.58

TSS, mg/L 238.97 21,024.06 −0.11 0.65 363.60 44,653.07 0.40 0.81

TDS, mg/L 1020.06 54,579.03 4.55 1.12 1793.23 759,720.61 11.87 2.90

COD, mg/L 506.54 91,740.16 15.75 3.16 1734.65 1,415,631.76 0.18 0.83

BOD, mg/L 301.81 72,102.72 26.06 4.32 977.19 625,136.04 2.15 1.39

TKN, mg/L 66.44 242.70 2.01 −0.96 66.45 1059.59 0.18 0.53
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Table 2. Cont.

Parameter, Unit Mean Variance Kurtosis Skewness Mean Variance Kurtosis Skewness

N-NH4, mg/L 31.55 345.18 1.12 1.08 29.16 391.93 0.16 0.87

N-NO3, mg/L 2.78 40.39 23.41 4.56 1.55 3.89 5.01 1.96

N-NO2, mg/L 0.07 0.02 22.51 4.62 0.04 0.00 0.91 1.40

P-total, mg/L 3.76 8.75 6.51 2.32 4.79 1.88 −0.42 −0.01

P-PO4, mg/L 2.69 3.00 −0.29 0.82 1.96 1.13 7.21 1.99

O&G, mg/L 140.91 13,560.71 8.01 2.57 119.43 7998.20 2.54 1.43

Surfactants, mg/L 3.96 6.28 0.24 0.73 5.72 15.53 1.55 1.22

In order to further investigate the changes in wastewater quality during the pandemic
(year 2020), the mean values of the parameter concentrations from the year 2020 were
compared with the mean values of the concentrations for the previous five-year period
(2015–2019). Table 3 shows these values, where the calculated ratios with the sign “−”
indicate a decrease in the average concentration of the given parameter in 2020 compared
to the previous five-year average. Positive results indicate an increase in the average
concentrations in 2020. From processing the data, we established that there were signifi-
cant differences compared to the previous period in the settleable solids, organic matter,
nutrients, surfactants, and fats and oils for all settlements, regardless of their size. In all
settlements, an increase in the average concentration values was observed for: conductivity,
COD, BOD, ammonia nitrogen, total phosphorus, orthophosphates, fats and oils, and
surfactants. A higher percentage of increase in the content of organic matter was observed
in the smaller settlements. The COD/BOD ratios (a measure of biodegradability) were
generally around 2 in all settlements during the entire investigated period, except for the
smallest settlement in 2020, where the ratio was 4. In three of the four settlements, there
was a slight increase in the ratio, but it was not significant.

Table 3. Parameters’ values in wastewater samples for 2020 compared to average parameters’ values
for the 2015–2019 period, expressed in %.

Parameter, Unit Settlement
5000 PE

Settlement
15,000 PE

Settlement
100,000 PE

Settlement
150,000 PE

pH −3.51 6.99 −3.64 3.97
Cond, µS/cm 79.03 22.67 5.01 74.91

SS, mL/L −22.90 −36.14 120.06 94.48
TSS, mg/L 39.32 307.67 8.35 −9.37
TDS, mg/L 17.49 −2.96 6.58 61.07
COD, mg/L 62.90 124.06 35.31 12.93
BOD, mg/L 41.80 114.06 2.09 25.05
TKN, mg/L 6.44 80.36 −1.25 −7.23

N-NH4, mg/L 6.20 43.12 52.74 50.58
N-NO3, mg/L −19.23 −14.59 78.18 11.24
N-NO2, mg/L 33.58 −32.23 −31.76 −14.08
P-total, mg/L 14.12 60.03 91.55 17.90
P-PO4, mg/L 6.07 25.10 45.03 8.15
O&G, mg/L 97.7 218.57 97.33 103.15

Surfactants, mg/L 109.92 194.98 11.53 19.26
“−“ denotes reduction of values, “+” denotes the increase of values.

A decrease in the concentration of settleable solids was observed in two settlements,
while an increase was observed in two (larger) settlements. For the settlement for which
an increase of 120% was calculated, the range of average values was from 1.42 to 3.12.
Low concentrations were measured, and any small increase is reflected significantly in
the percentages. Given that the settleable solids represent suspended solids that can be
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removed by conventional sedimentation processes, such changes may affect the primary
treatment of wastewater.

More significant changes in the concentration of suspended matter were detected in
smaller settlements (39% and 307%). The increase in the concentration of suspended matter
could also have been influenced by rainfall, considering that wastewater is discharged into
the combined sewage system.

Nitrite and nitrate nitrogen concentrations are generally very low, so that every small
change is reflected in a significant deviation, either in terms of an increase or decrease
compared to the previous period. An increase in the concentration of fats and oils and
detergents was observed in all four settlements, mostly in a significant percentage.

As the pandemic continued—and still continues, but with a significantly lower number
of infected people and the normalization of lifestyles—changes in the quality of wastewater
in the period after 2020 were also examined. For this purpose, data from the period from
2021 to 2022 were processed and their mean values compared with the mean values of the
analyzed parameters from the wastewater samples from 2020 (Table 4). These results show
that the usual approach to our way of life continued after 2020. Namely, the average values
for most parameters in the period from 2021 to 2022 were lower compared to for 2020.

Table 4. Parameters’ values for the 2021–2022 period in comparison to the parameters’ average values
for 2020, expressed in %.

Parameter, Unit Settlement
5000 PE

Settlement
15,000 PE

Settlement
100,000 PE

Settlement
150,000 PE

pH 3.85 0.11 −0.15 −4.17
Cond, µS/cm −107.46 −13.50 13.33 −83.27

SS, mL/L −125.79 −322.95 −51.21 −18.50
TSS, mg/L −100.83 −297.00 5.45 −2.17
TDS, mg/L −161.50 −10.32 2.95 −84.64
COD, mg/L −6.50 −198.93 0.77 −10.72
BOD, mg/L 10.63 −203.67 34.10 −3.70
TKN, mg/L 29.76 −82.49 9.24 34.20

N-NH4, mg/L 18.76 12.98 −24.94 12.39
N-NO3, mg/L 71.75 −33.47 −74.96 −103.42
N-NO2, mg/L −130.63 4.89 −12.79 −92.43
P-total, mg/L 14.94 −23.10 −62.73 −10.87
P-PO4, mg/L 16.93 −8.89 −50.13 0.53
O&G, mg/L −31.07 −80.19 −8.04 −27.39

Surfactants, mg/L 25.64 −15.11 23.35 25.82
“−“ denotes reduction of values, “+” denotes the increase of values.

Greater deviations are observed in terms of the reduction of measured values for elec-
trical conductivity, total dissolved salts, total suspended matter and settleable solids. From
comparing all four agglomerations, we can see that these changes are most pronounced in
the wastewater of the smaller settlements.

To ensure that these changes are not random annual deviations, the mean values of
the concentrations of the given parameters for the entire period of the pandemic were
compared with the previous five-year period (Table 5). These results indicate changes in the
quality of the wastewater of the agglomerations in terms of the increasing concentrations
for almost all of the parameters compared to the previous five-year average.
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Table 5. Parameters’ average values for the 2020–2022 period, in comparison to parameters’ average
values for the 2015–2019 period, expressed in %.

Parameter, Unit Settlement
5000 PE

Settlement
150,00 PE

Settlement
100,000 PE

Settlement
150,000 PE

pH −0.86 6.60 −4.03 1.54
Cond, µS/cm 13.25 12.34 16.05 22.42

SS, mL/L −157.93 −128.19 63.88 43.47
TSS, mg/L −8.27 91.00 35.91 −11.72
TDS, mg/L −47.92 −8.47 8.68 39.05
COD, mg/L 35.92 24.00 26.75 6.19
BOD, mg/L 34.81 19.78 32.11 18.34
TKN, mg/L 27.24 62.84 6.59 17.14

N-NH4, mg/L 18.74 35.99 22.03 38.62
N-NO3, mg/L 54.92 −57.55 72.81 −27.40
N-NO2, mg/L −26.70 −45.37 −56.60 −58.74
P-total, mg/L 21.81 30.41 23.32 10.08
P-PO4, mg/L 17.30 15.84 4.96 7.81
O&G, mg/L 39.57 56.12 46.19 43.78

Surfactants, mg/L 61.73 64.44 27.11 30.21
“−“ denotes reduction of values, “+” denotes the increase of values.

4. Discussion

During 2020, the number of inhabitants in the agglomerations was constant due to the
implemented measures for the restriction of movement and travel bans resulting from the
COVID-19 pandemic. The situation resulted in an increase in the amount of wastewater
produced. The increased wastewater quantity is the consequence of a greater consumption
of water in households and public areas. Such data have been recorded in the studies that
have been published so far from certain countries. Namely, the data analysis showed that
during the pandemic, increased water consumption led to an increase in the production
of wastewater of about 20–25% in India [35] and Iran [36]. Some research indicates the
increased amount of wastewater during 2020 is dependent on more frequent cleaning and
disinfection [35].

It is evident that the most pronounced increase in the amount of wastewater this
year was in the smaller and medium-sized settlements. Namely, most y of the residents
from the smaller agglomerations were employed in towns where a significant number
of trade, catering and similar facilities were closed, and the educational institutions also
stopped working. Because of this, as well as the larger hotspots of infection, there was no
daily emigration of the workforce to the towns. Having that in mind, the reason for the
increased amount of wastewater in the smaller agglomerations may be several months’
stay at home. In larger agglomerations, the increase in the number of people compared
to the number of residents might be the consequence of establishing a greater number of
quarantine centers, screening centers, isolation departments and testing facilities in 2020.
This is one of the most important causes for the increased amounts of urban wastewater in
these agglomerations [37].

Industries that discharge wastewater into the sewage system of larger agglomerations
(100,000 and 150,000 PE) belong to the following sectors: food, chemical, metal processing,
traffic and transport. According to data from the pollutant register of PWMC “Vode
Vojvodine”, no significant changes in their annual production capacity were recorded in
the 2015–2022 period, and it is assumed that there were no significant variations in terms of
the reduced production from these sources of wastewater during the state of emergency.
These data indicate that the share of industrial wastewater in the total amount of generated
wastewater was significantly lower compared to the share of wastewater originating from
the population, and under the conditions of the applied public policy measures, its impact
on the increased amount of wastewater in these agglomerations is not significant.
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Atmospheric precipitation is one of the natural factors that certainly influenced the
measured amount of wastewater from the combined sewage systems. From looking at the
data on precipitation from the previous period, we observed no increase in the amount of
precipitation for 2020. On the contrary, the average amount of precipitation in the northern
part of the Republic of Serbia, where the investigated settlements were located, was 626 mm
for the 2015–2019 period, while in 2020, that amount was 566 mm. The tendency of the
average amount of precipitation to decrease continued in the 2021–2022 period and was
observed to be 466 mm [38]. However, the fact is that in 2020, there was intense, abundant
precipitation in the spring and summer months, which had an impact on the increased
content of suspended matter and BOD (Table 3), as a result of the washing of particles of
organic matter during these meteorological events. The concentrations of these parameters
are correlated with the amount of precipitation in cases where sampling was performed
during or immediately after precipitation. Considering that the quantity and quality of
wastewater were not measured on a daily basis, it is not possible to do a more detailed
statistical analysis of these connections at this moment.

The asymmetry and kurtosis coefficients for all wastewater quality parameters clearly
showed that the data were not normally distributed, which is actually standard and
common [39]. However, during the pandemic, there has been a significant variation in the
quality of the wastewater compared to the previous five-year period, either in terms of a
values increase or decrease.

The increase in the concentrations of organic matter and nitrogen might be a conse-
quence of the increased usage of surfactants and biocides (disinfectants), as established
by Alygizakis et al. [30]. The excessive use of disinfection chemicals could possibly be the
cause of the increase in both phosphorus and TSS [40–43].

The ratio of COD to BOD was slightly increased in the smallest settlement, which is also
a consequence of the excessive use of disinfectants. This ratio is certainly very important in
determining the biodegradability of wastewater [39]. It is important to note that wastewater
with a COD/BOD ratio greater than 2 is usually difficult to treat. The decrease in COD and
BOD values in some cases may be the result of an increased water inflow that resulted in
dilution [36]. The concentration of organic substances in wastewater was also influenced
by various pharmaceuticals (antibiotics, antipyretics, analgesics) that are in high demand,
particularly during the pandemic, along with easy access to pharmacies or hospitals. This
highlights the importance of monitoring these contaminants in wastewater, particularly
during a pandemic.

Dilution also affected the reduction in the concentrations of precipitable and sus-
pended substances [36]. Atmospheric precipitation also contributed to the dilution of
municipal wastewater, if water sampling was performed during or immediately after pre-
cipitation. A decrease in the concentration of precipitable substances was observed in two
settlements, while an increase was observed in two (larger) settlements. In the settlement
with a significant increase (120%), the range of average values indicates that even a small
change in the concentration is more reflected in the percentage of change and thus, its
significance is indicated.

Some authors [44] indicated that the increase in fat and oil concentrations is associated
with policy measures in terms of longer stays at home and more frequent food preparation.
This is very important to take into account because of the possible negative effects of fats
and oils on sewage systems and on the water purification process. These substances can
cause the clogging and corrosion of sewer pipes under anaerobic conditions, thus reducing
their life. Additionally, fats and oils interfere with the biological treatment of wastewater,
affect the clogging of filters and pumps, cause unpleasant odors and can also settle in
the sludge, making it viscous and reducing the efficiency of sludge dewatering [45]. The
higher concentrations of detergents are most likely the result of more frequent use, both
in households and in industries, and are due to the recommendations aimed at reducing
the spread of viruses. Detergents, due to their low biodegradability, foaming, toxicity and
high absorption of particles, can have different effects on the water composition and on
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the efficiency of the biological treatment process. In addition, detergents can represent a
significant source of phosphorus and organic matter in wastewater.

However, the limitations of this study in terms of the available data point to the fact
that the overall annual averages cannot accurately reflect the importance of the impact
of the pandemic and the implemented public policy, as stated by Ahmed et al. [46]. A
clearer picture of this could be given by weighted concentrations taking into account
separate monthly variations obtained on the basis of daily measurements, which could
better reflect the variation of load changes than using the average concentration [46,47].
Monthly variations can be clearly linked to lifestyle changes due to policies imposed during
the pandemic in order to reflect many parameters including lockdown measures [46]. A
larger amount of data, primarily on the quantity and quality of the city’s wastewater itself
collected on a daily basis, would be suitable for a more detailed statistical analysis, where it
would be possible to discard the random extremes from the measured values and compare
the results with those from the previous period, but in the same time scales. In addition, in
order to draw conclusions about the possible effects of the pandemic on the characteristics
of city wastewater, it is necessary to monitor the inflow of stormwater (rainfall) and in
settlements with industry, the composition of industrial wastewater.

Although wastewater treatment facilities already have a certain buffering capacity
for when the quantity and quality of wastewater changes [36], based on the available data
presented in this paper concerning these changes, it is possible to develop a response
scenario in terms of the operational changes in the facility itself. Additionally, the higher
load of wastewater we observed should certainly be taken into account in the future when
upgrading the plant, i.e., for the application of biological treatment and the ensuring of its
optimal operation.

The research in this work identified changes in the quality of urban wastewater as
a result of the changed way of life during the pandemic period. Possible causes of these
changes were also identified, based on a limited amount of data and the measurements col-
lected in the Republic of Serbia. To connect the causes and consequences of the changes with
certainty, additional research is undoubtedly required, during which all of the previously
mentioned data would be collected in an appropriate time and space.

5. Conclusions

It was established that the measures aimed at the control of the COVID-19 pandemic
caused significant changes in the characteristics of the wastewater in the agglomerations in
the Republic of Serbia during 2020.

A more comprehensive and responsible approach to measurements and data collection
is necessary. However, the findings of this study may be useful to wastewater treatment
plant operators when developing wastewater management protocols and implementing
monitoring programs. The aim would be to perform appropriate measurements in some
similar future situations, in time, with the goal of collecting a larger volume of data. This
paper indicates the necessity of simultaneous and certainly more frequent measurements
(compared to the existing monthly frequency) of the quantity and quality of municipal and
industrial wastewater, as well as of the atmospheric precipitation. These data, obtained on
a daily basis, would be suitable for a more detailed statistical analysis, which could and
should serve the competent authorities in the adoption of various public policy measures
(for example, those to prevent the spread of infection). More concrete conclusions can
be drawn from more extensive data, which could also assist competent authorities in
the process of decision-making in the field of water management, particularly in the
establishment of wastewater monitoring programs.

The importance of the lessons learned from past experiences, such as the positive
and negative effects of public policy during the pandemic, should certainly be taken into
account when creating sustainable and coherent recovery policies from the consequences
of the COVID-19 pandemic.
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