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Abstract
The study is an attempt to assess the pollution impact on the aquatic ecosystem related
with an emergency discharge of untreated municipal wastewater from the “Czajka”
wastewater treatment plant (WWTP) in Warsaw. The present case study is based on
the analysis of available monitoring data for chemical oxygen demand (COD), total
nitrogen (TN), ammonia nitrogen (N-NH4), and total phosphorus (TP) in the effluent
mixing zone (MZ), the stretch of the river and before the discharge point. Data analysis
was supported by a basic statistical analysis based on Pearson’s correlation coefficient.
The results proved the importance of efficient and reliable nutrient removal technologies
used in modern WWTPs. A statistically significant correlation was achieved between the
COD (r = 0.567) and TP (r = 0.714) discharged loads and their concentration in the MZ.
However, no significant correlation has been identified with TN and N-NH4. Further-
more, the dissolved oxygen (DO) deficits in the MZ were observed within 7 days of the
discharge period resulting in an average DO concentration decrease from 8.4 to 7.1
mgO2/L. The river stretch has not been affected by DO deficits while the average
observed DO concentration 30 km behind the discharge point was 9.1 mgO2/L. The
analysis results present the pollutants assimilation capacity of a river ecosystem and its
real reaction to sudden excessive nutrient loads discharge.
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Article Highlights
• Raw municipal wastewater is extremely dangerous to eutrophication-sensitive waters.
• The discharged COD, TN, N-NH4 and TP loads were 1858, 232, 165 and 20.6 Mg, respectively.
• The sewer failure caused temporary water deterioration in the effluent mixing zone.
• Dissolved oxygen deficits were observed within 7 days of the discharge period.
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1 Introduction

Human activities can significantly affect the surface waters quality due to the growing
pollutant loads of different origin introduced to waters (Pirsaheb et al. 2014). Among point
sources, untreated municipal wastewater has been identified as the most hazardous to water
ecosystems due to the large amounts of nutrients and organics content (Collins et al. 2018).
Currently, in the developed countries municipal wastewater undergo advanced nutrient re-
moval processes carried out in modern wastewater treatment plants (WWTPs), which are able
to ensure effluent discharge limits concerning biochemical oxygen demand (BOD), chemical
oxygen demand (COD), suspended solids, nitrogen (N) and phosphorus (P) loads set by legal
regulations in almost every country (Rogowska et al. 2019). The effects of untreated waste-
water discharge has been analyzed in many studies in terms of the impact assessment regarding
metals and pesticides influence on agriculture and human health in India (Singh et al. 2004),
active pharmaceutical ingredients dilution in freshwater systems in low and low-middle
income countries (Bagnis et al. 2018, 2019) and the potential effect of developing municipal
wastewater treatment infrastructure in China (Jackson et al. 2016). Moreover, experimental
research were developed to assess the influence of raw wastewater mixed with river waters in
an artificial cascade channel showing the “impact zone” assimilation capacity (Finnegan et al.
2009). Based on the literature review it was found that sudden and unforeseen untreated
effluent discharges are very rare while modern WWTPs ensure high reliability (Kim et al.
2019).

However, one of the biggest and the most critical failures of wastewater infrastructure in the
Baltic Sea catchment happened in August 2019 in Warsaw, Poland. According to the
authorities of the Warsaw Waterworks and Sewage System operating company (MPWiK),
the system of wastewater transport to the “Czajka”WWTP (2.1 million population equivalent)
had broken down, which resulted in an emergency discharge of untreated municipal waste-
water from the left-bank Warsaw directly to Vistula River. As a result, about 3.65 million m3

of untreated municipal wastewater was discharged.
The Vistula River is the longest river in the Baltic Sea catchment and one of the largest

contributors of nutrients and other pollutants to the Baltic Sea. Its total length is 1047 km and
its drainage basin is 194,000 km2. The Vistula is the major source of freshwater flow into the
Gulf of Gdańsk (Lisimenka and Kubicki 2019) and supplies about 7% of the freshwater to the
Baltic Sea (Majewski 2014). It is also one of the biggest sources of drinking water for Polish
cities and is a part of the International Waterway E70 and E40. Due to its high natural values,
practically the entire Lower Vistula has been qualified for conservation within the European
ecological network Natura 2000 (Żelazo 2013). The river basin covers almost the entire eastern
part of Poland and it is inhabited by nearly 21 million people, which is more than half of
Poland’s population. The main diffuse sources of water pollution are agriculture, scattered
dwellings and atmospheric deposition. The main point source of water pollution are municipal
WWTPs, industrial activities and mine drainages (HELCOM 2018a). Vistula River is the main
source of waterborne pollutants, with a high share of nutrients introduced to the Baltic Sea
(Kiedrzyńska et al. 2014). According to HELCOM assessments, Poland is responsible for over
22% of N load and 28% of P load discharged to the Baltic Sea, which makes it the main
polluter among other nine Baltic countries (HELCOM 2011).

The Baltic Sea due to its location, climate conditions, and closed character is one of the
world’s most polluted seas (Smol et al. 2020). According to HELCOM integrated status
assessment for 2011–2016, the Baltic Sea is still threatened by eutrophication (HELCOM
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2016). Over 97% of the Baltic Sea waters are still affected by eutrophication caused by
previous and present excessive loads of N and P (Jetoo 2018). The total nutrient inflow
decreased by 9% in total nitrogen (TN) and by 14% in total phosphorus (TP). By introducing
nutrient removal measures, three countries achieved a downward trend for both nutrients
(Denmark, Poland and Sweden), while two others increased their inflows for both nutrients
(Latvia and Russia) (European Court of Auditors 2016). For the remaining countries, a
downward trend was observed only for one nutrient. Moreover, Vistula River has the highest
area specific TN (354 kg/km2) and TP (44 kg/km2) load among the seven largest rivers in the
Baltic Sea catchment (HELCOM 2018b).

To mitigate anthropogenic eutrophication caused by excessive nutrients loads, in 2000–
2015 over 15 billion Euro were spent by the Polish government at implementing the National
Municipal Wastewater Treatment Program (NMWWTP) under which over 400 of new
WWTPs were built and another 1500 were modernized (NWMH Polish Waters 2018).
Unfortunately, according to the results of the assessment of surface water status in the same
period, over 90% of rivers, 75% of lakes and 100% of coastal and transitional waters in Poland
are still threatened by the risk of eutrophication (NWMH Polish Waters 2017).

Due to the implementation of the Council Directive 91/271/EEC concerning urban waste-
water treatment (EC 1991) and its transposition with the current regulation of Ministry of
Marine Economy and Inland Navigation (Ministry of Marine Economy and Inland Navigation
2019), municipal WWTPs effluents must meet high-quality requirements set for biogenic
compounds content (Karydis and Kitsiou 2012). In case of any failures causing the limits to be
exceeded, the WWTP operators are immediately controlled by the Regional Inspectorate for
Environmental Protection which is the main Polish environmental control institution autho-
rized to impose fines and enforce environmental laws.

However, unexpected failures at times occur in WWTPs or sewage systems, often forcing
the emergency discharge of untreated wastewater directly to receiving waters (Ryu et al. 2014).
The biggest threats to ecosystems are high amounts of N and P compounds in raw wastewater.
It is well-known that these compounds have high eutrophication potential and are directly
bioavailable for aquatic vegetation (Nakajima et al. 2006; Tu et al. 2019).

The current study presents an independent scientific analysis of the potential water pollution
impact caused by the untreated municipal wastewater discharge from the city of Warsaw to
Vistula River. The presented case study provides real information on how does the river
ecosystem react when a sudden discharge of untreated municipal wastewater is introduced to
its ecosystem from one of the biggest agglomerations in Central Europe. Moreover, the
research novelty is demonstrated by the fact that no experimental or simulation-based research
can provide so reliable information on how does WWTPs failures contribute to water
environment deterioration due to large number of conditions and processes occurring in real
water bodies which are difficult to be reflected in laboratory conditions or in the model settings
(de Vera et al. 2017).

2 Methods

A range of methods has been used to assess the pollution impact on the surface water quality
caused by the untreated wastewater discharge. The study was based on the monitoring data
provided by the Regional Inspectorate for Environmental Protection which had four monitor-
ing points:
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a) Point 1: untreated wastewater discharge flow and pollutants concentration (located at the
wastewater pipeline outlet to Vistula River)

b) Point 2: background water quality (located approx. 50 m before the discharge point)
c) Point 3: river water quality in the mixing zone (MZ) of discharged wastewater with the

Vistula River waters (located 500 m downstream from the discharge point)
d) Point 4: the stretch of the river water quality (K30 monitoring point, located 30 km

downstream from the discharge point)

The available data were processed and analyzed by using a basic statistical analysis including
among others the Pearson’s correlation coefficient and p value in order to investigate the
relationships between the discharged pollutant loads on the water contamination during the
discharge period.

Since the pollution source was municipal wastewater, the biggest concern was the possi-
bility of enhancing eutrophication (Neverova-Dziopak and Preisner 2015), the main problem
being the biogenic compounds (nutrients and organics) content in untreated wastewater: TN
along with its inorganic form - ammonia nitrogen (N-NH4) and TP. Moreover, chemical
oxygen demand (COD) was analyzed to monitor the amount of organic matter in the outflow
(Hanmin et al. 2009). As excessive concentrations of nutrients may lead to significant impact
on the dissolved oxygen (DO) deficits (González et al. 2014) the DO level before and after the
wastewater discharge was included.

3 Results

3.1 Untreated Wastewater Quality Parameters

Effluent content was monitored by the Regional Inspectorate for Environmental Protection
from the first day of the emergency discharge (28th August 2019) and ended on 17th
September 2019, thus 3 days after the discharge ceased. Concentrations of TN, N-NH4, TP
and COD were variable over the discharge period (Fig. 1a–c). The volume of discharged
untreated wastewater peaked on 10th September and ended on 15th September (Fig. 1d).

The concentrations of biogenic compounds as N and P in untreated wastewater in the
discharge period ranged from 37.3 mg/L (8-Sep) up to 82.6 mg/L (12-Sep) in terms of TN and
from 2.11 mg/L (6-Sep) up to 9.49 mg/L (29-Aug) in terms of TP. Between 4th and 12th
September, the average TP content was approx. 4–5 mg/L and reached 6.72 mg/L at the end of
the discharge period. On the other hand, the TN content started to rise from 50 mg/L to over
75 mg/L (6-Sep), then it dropped to 37.3 mg/L (8-Sep) and stabilized at 50–60 mg/L till the
end of the discharge period with a peak observed on 12th September when it reached 82.6 mg/
L. Both TN and TP concentration peak values observed on 12th and 13th September
respectively were less harmful due to the lower untreated wastewater flow resulting from the
fact that the replacement pipeline was able to transport constantly more sewage (Fig. 1d). The
COD concentration trends were similar to other pollutants in raw wastewater—a minimum
COD content was 223 mg/L (1-Sep) and a maximum COD was 696 mg/L (29-Aug).

The discharged wastewater flow was stable from the beginning of the untreated wastewater
discharge until 3rd September (approx. 260,000 m3/day). From 4th September the flow began
to decrease due to changing the regime of wastewater flow by diverting the influent to the grid
chamber where in a temporary retention tank the influent was treated with ozone to eliminate
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bacteria and viruses activity. On 8th September, the replacement pipeline was launched to take
over the wastewater flow and transfer it to the WWTP located on the other river bank. Due to
the rainfall observed on 8-10th September the discharged wastewater flow was increased and
reached its peak on 10th September (376,133 m3/day). Finally, from 14th September, the
replacement pipeline was able to transfer the total untreated effluent to the WWTP.

For further analysis, the loads of TN, N-NH4, TP and COD were calculated (Fig. 2).
The loadings of TN, N-NH4, TP, and COD were also variable (Fig. 2) and showed

that an exceptional quantity of nutrients was introduced into the Vistula River ecosystem.
The total mass of COD, TN, N-NH4 and TP were 1858, 232, 165 and 20.6 Mg,
respectively, during 17 days of discharging untreated municipal wastewater. The highest
discharged COD (180.96 Mg/day) and TP (2.47 Mg/day) loads were observed on the
second day of the sewer failure (29-Aug). It might have been caused by the discharge
flow which probably dislodged sediments deposited on the inner surface of the pipes,
resulting in additional pollutant loads.

The maximum loads of TN (19.22 Mg/day) and N-NH4 (13.92 Mg/day) were observed
after the rainfall on 10th September which can be related to atmospheric deposition of nitrogen
oxides originating from air pollution caused by city traffic (Rzeszutek et al. 2019).

a b

c d

Fig. 1 Untreated wastewater discharge parameters: a COD content; b TN and N-NH4 content; c TP content; d
Raw wastewater flow
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3.2 Background Monitoring Parameters

The background monitoring data were used to assess the potential impact of actual water
quality before the discharge of untreated wastewater. The background monitoring point was
set by the Regional Inspectorate for Environmental Protection approx. 50 m before the
discharge point. The monitored parameters for the analysis of the pollution impact on the
wastewater receiver water quality were narrowed to COD, TP, TN, N-NH4, and DO (Table 1).
DO is one of the most important abiotic factors determining the growth and survival of fish
and other aquatic organisms (Diaz and Rosenberg 2008).

The background parameters analysis revealed that according to the current legal require-
ments for second water quality class in Poland (Ministry of Environment 2016), the limit
values for COD and DO were exceeded during 6 days in terms of COD and 2 days in terms of
DO.

3.3 River Pollution Monitoring in the Mixing Zone

The biggest risk of ecosystem degradation and eutrophication development occurs in the
nearest area to the discharge point (Rankinen et al. 2019). Therefore, the water quality in the
mixing zone (MZ) of wastewater and river waters was constantly monitored by Regional

a b

c d

Fig. 2 Loads of discharged COD, TN, N-NH4, TP
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Inspectorate for Environmental Protection (Table 2). The untreated wastewater discharge
influenced water quality in the MZ, which was approximately 500 m from the discharge point.

From the river pollution monitoring data, it can be assumed that the untreated wastewater
discharge had a high influence on the water quality in the MZ whose length was estimated
approx. 500 m behind the discharge point. All analyzed parameters, besides DO exceeded the
limits for second water quality class almost every day from the beginning of the discharge to
its end. The highest impact on the water quality occurred during the first 9 days of the
wastewater discharge until 5th September.

Table 1 Background parameters from the monitoring point 50 m before the discharge point

Date COD [mg/L] TN [mg/L] N-NH4 [mg/L] TP [mg/L] DO [mg/L]

28-Aug 32.10 2.00 <1.00 0.16 10.80
29-Aug 29.90 1.61 <1.00 0.13 10.10
30-Aug 32.00 1.38 <0.078 0.08 7.76
31-Aug 26.20 1.31 <1.00 0.17 7.70
1-Sep 25.60 0.90 <1.00 0.12 6.20
2-Sep 29.30 1.31 <0.078 0.07 8.50
3-Sep 15.10 1.42 <0.078 0.06 6.20
4-Sep 32.70 1.57 <0.078 0.15 8.00
5-Sep 25.80 1.33 <0.078 0.07 8.70
6-Sep 49.90 1.34 <0.078 0.04 9.00
7-Sep 27.60 1.47 0.06 0.09 8.00
8-Sep 29.10 1.50 <0.078 0.10 7.40
9-Sep 23.60 1.55 <0.078 0.06 8.50
10-Sep 26.60 3.03 <0.078 0.05 8.70
11-Sep 23.40 1.89 <0.078 0.04 8.70
12-Sep 27.30 1.65 <0.078 0.04 9.60
13-Sep 32.50 1.95 <0.05 0.12 8.90
Limit (2nd class) ≤30.00 ≤4.00 ≤0.843 ≤0.30 ≥7.40

Table 2 Water quality parameters in the MZ

Date COD [mg/L] TN [mg/L] N-NH4 [mg/L] TP [mg/L] DO [mg/L]

28-Aug 292.00 40.30 29.50 3.32 7.87
29-Aug 134.00 15.00 10.10 1.76 7.80
30-Aug 149.00 12.50 5.99 1.21 5.80
31-Aug 139.00 16.60 11.40 1.64 5.30
1-Sep 60.10 8.07 4.97 0.68 4.60
2-Sep 200.00 20.10 13.00 1.44 5.70
3-Sep 42.90 6.44 3.63 0.45 5.90
4-Sep 56.90 6.96 3.98 0.53 7.20
5-Sep 184.00 28.50 20.10 2.25 5.10
6-Sep 50.20 3.71 1.23 0.05 7.90
7-Sep 46.20 5.12 2.70 0.47 8.10
8-Sep 86.90 7.16 3.20 0.75 6.40
9-Sep 53.40 5.29 2.84 0.30 8.30
10-Sep 69.30 6.23 2.37 0.31 8.40
11-Sep 47.80 5.03 2.30 0.23 8.80
12-Sep 41.20 5.84 3.02 0.31 9.00
13-Sep 50.20 5.10 1.90 0.36 9.10
Limit (2nd class) ≤30.00 ≤4.00 ≤0.843 ≤0.30 ≥7.40
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3.4 Stretch of the River Pollution

To assess more distant effects of the emergency discharge, data from a monitoring point
located in Kazuń, 30 km distance from the discharge point (K30), were analyzed (Table 3).

The monitoring results from the K30 point did not show exceedence of TN, N-NH4 and TP
limit concentrations. The exceeded parameters were DO, with two values not meeting the
requirements (7.10 and 7.20 mg/L on 1st September and 3rd September, respectively) and
COD which varied in the monitoring period from 23.6–46.8 mg/L.

3.5 Impact Assessment of the Discharged Wastewater on the Water Quality

A statistical analysis was conducted using Pearson’s correlation coefficient (r) and alpha p value
between discharged pollutant loads, and the MZ and K30 monitoring points (Table 4; Fig. 3).

A statistically significant correlation was observed between the COD (r = 0.567) and TP
(r = 0.714) discharged loads and their concentration in the MZ. There was no statistically
significant correlation with TN and N-NH4 values. Furthermore, no statistically significant
correlation has been identified regarding parameters from the K30 monitoring point that
suggest full assimilation of the introduced pollutants by the river ecosystem.

Within the impact assessment of discharged wastewater on receiver water quality, the DO
concentration was analyzed in the MZ and K30 monitoring point and compared with the
background DO concentrations (Fig. 4).

4 Discussion

Regarding the above results, it is evident that the aquatic ecosystem in the MZ during untreated
municipal wastewater discharge was exposed to excessive amounts of nutrients and organic

Table 3 Water quality parameters in K30 monitoring point

Date COD [mg/L] TN [mg/L] N-NH4 [mg/L] TP [mg/L] DO [mg/L]

28-Aug n/d n/d n/d n/d n/d
29-Aug n/d n/d n/d n/d n/d
30-Aug 37.40 2.14 0.05 0.14 8.00
31-Aug 42.40 1.69 0.05 0.12 8.20
1-Sep 28.90 1.64 0.05 0.12 7.20
2-Sep 28.80 1.58 0.05 0.13 7.60
3-Sep 26.40 1.60 0.11 0.13 7.10
4-Sep 46.80 1.62 0.07 0.14 8.60
5-Sep 34.80 1.56 0.10 0.16 9.10
6-Sep 36.30 1.51 0.05 0.13 9.00
7-Sep 32.80 1.57 0.05 0.11 8.80
8-Sep 32.50 1.55 0.05 0.11 8.50
9-Sep 23.60 1.55 0.01 0.06 7.80
10-Sep 29.10 1.94 0.06 0.13 9.90
11-Sep 33.10 1.91 0.05 0.12 10.50
12-Sep 30.20 1.82 0.06 0.15 11.00
13-Sep 35.60 1.66 0.06 0.13 10.80
Limit (2nd class) ≤30.00 ≤4.00 ≤0.843 ≤0.30 ≥7.40

n/d no data
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matter. Those findings correspond with the results of different experimental studies followed
by simulations tests carried out in order to evaluate the so-called “impact zone” assimilation
capacity in freshwater systems (Finnegan et al. 2009). According to the above study changes in
many pollutants content including COD, N-NH4, TN, orthophosphates (P-PO4), TP and DO in
water are dependent mainly on the distance from the wastewater discharge point; however, the
kinetics and microbial activity in the analysed artificial channels also played a key role in the

Table 4 Pearson correlation coefficient (r) with p value (p) between discharged pollutants loads and their content
in the receiver at the MZ and K30 monitoring points

Parameter MZ K30

r p r p

COD 0.567 0.018 0.025 0.931
TN 0.357 0.159 0.066 0.814
N-NH4 0.368 0.146 0.014 0.960
TP 0.714 0.001 0.100 0.722

Statistically significant r at 5% significant level in bold

Fig. 3 Scatter plots of the relationships between the content of COD, TN, N-NH4 and TP in the receiver and their
discharged loads
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impact zone length. This proves that assessing the implications of a sudden untreated waste-
water discharge is a complicated and complex task and requires a wide knowledge of the
individual water body properties (Howarth and Marino 2006).

In a different study, a real impact of untreated wastewater discharge was evaluated in Serbia
(König et al. 2017). The impact of raw effluents from the city of Novi Sad to the Danube River
resulted in severe water pollution in approximately 7 km downstream from the wastewater
discharge point. Furthermore, the river stretch between Novi Sad and Belgrade was identified
as one of the hot spots for fecal pollution which is an ongoing problem in the Danube River
due to incompletely treated or untreated wastewater discharges in many river sections
(Kirschner et al. 2009).

Moreover, modeling-based predictions of effluent quality resulting from wastewater treat-
ment processes application or modernization were analysed in numerous studies including
developed (Druart et al. 2016; Vialkova et al. 2020) and developing countries (Heddam et al.
2016; Karnib 2014). Within main threats to the aquatic ecosystems mainly inorganic nutrient
compounds such as N-NH4, nitrates (N-NO3), nitrites (N-NO2) and P-PO4 were identified as
the most hazardous to aquatic vegetation due to the eutrophication process acceleration
causing an ecosystem imbalance (Kemp et al. 2005; Wang and Wang 2009).

In the present study, especially high N values were observed, which in the river MZ ranged
from 6.44 to 28.50 mg/L in terms of TN and from 3.63 to 20.10 mg/L in terms of N-NH4.
Inorganic N forms such as highly bioavailable N-NH4 are usually efficiently removed by the
wastewater treatment processes (Farazaki and Gikas 2019; Kowalewski et al. 2016; Smol et al.
2018) since it causes oxygen deficiency in the wastewater receiver due to high oxygen demand
for its oxidation (Fuhrmeister et al. 2015). A study from China on urban river N pollution
(Zhang et al. 2015) confirms a sharp decrease in DO concentration with the increase of N-NH4

concentration. Thus, it reduces the water self-purifying ability and deteriorates the living
conditions of aquatic organisms, contributing to water eutrophication (Selman and
Greenhalgh 2010). Moreover, a high N-NH4 concentration also results in the presence of free
ammonia (NH3), which can be toxic to fish and slows down the biological nitrification
(Mąkinia and Zaborowska 2020).

The P content as a key eutrophication factor (Correll 1998; Kobayashi et al. 2008) was also
multiple times exceeded in the MZ in the first 9-days of the discharge period (0.45–2.25 mg/

Fig. 4 DO concentration in the background waters, mixing zone (MZ), behind the fully mixed zone (K30)
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L). Unfortunately, the pollution monitoring has not included the share of mineral P compounds
as orthophosphates which are considered as the most bioavailable nutrient form (Jiang et al.
2004; Wang and Wang 2009). Diazotrophic cyanobacteria, unlike most phytoplankton which
require both high N and P conditions, only require high P concentrations and they can produce
their own ammonia by assimilating gaseous nitrogen N2 from the atmosphere (Granéli et al.
1990; Lim and Lee 2017).

The COD concentrations in the MZ were over the limit in the whole discharge period and
remain high even after the wastewater discharge was over. Comparing COD value with the
background monitoring parameters suggest that COD concentration might not be the direct
effect of the wastewater discharge from Warsaw sewer but the general poor water quality in
terms of organic pollutants.

The high concentrations of the above factors caused a minor DO deficit. However, the legal
limits were not achieved in the MZ only in exactly 7 days (30-Aug to 5-Sep) and ranged from
4.6 to 7.2 mg/L. Even this short period of poor oxic conditions can affect fish population since
DO is one of the most important abiotic factors determining growth and survival of fish (Abobi
and Wolff 2019; Taylor and Miller 2001) and one of the most commonly used indicators of a
river ecosystem health assessment (González et al. 2014; Ouyang et al. 2018). Because of this
phenomenon, it is recommended to keep DO level over 6 mg/L (Piper 1982) especially during
the late summer months when fish require more oxygen due to higher metabolism (McDaniel
et al. 2005). If the levels of DO drops below 4 or 5 mg/L, the number of aquatic species is
reduced (Kampschreur et al. 2009). A minimum concentration of 2 mgO2/L is required to
maintain higher life forms (Nazari Alavi et al. 2007).

5 Conclusions

This study provides a real information on how a river ecosystem reacts when a sudden
discharge of untreated municipal wastewater is introduced to its ecosystem. An analysis
of the untreated wastewater emergency discharge adds value to an efficient and reliable
WWTPs with enhanced nutrient removal technologies. However, the effects of WWTPs
failures can result in severe environmental, economic and social problems. The results of
the present study confirm that the receiving water body quality was highly impaired by
discharged pollutants. In a longer perspective, continued discharge of untreated waste-
water would contribute to major eutrophication of the Vistula River and the Baltic Sea.
Fortunately, the river stretch has not been affected by oxygen deficits while the average
observed DO concentration 30 km behind the discharge point was not lower than before
the wastewater introduction, showing that due to self-purifying abilities the river eco-
system was able to handle the pollution without significant and permanent degradation.
Nevertheless, this study revealed the ineffectiveness of the national water quality mon-
itoring system in the event of an emergency discharge of raw wastewater. It would work
better if a larger amount of monitoring points were established especially in the nearest
effluent mixing zone. Moreover, parameters such as orthophosphates, nitrites and nitrates
should be included in the monitoring system while their share might be significant for
eutrophication process intensification.

Acknowledgements This study was developed as a part of the Statutory Research by the Division of Biogenic
Raw Materials (MEERI PAS).

Surface Water Pollution by Untreated Municipal Wastewater Discharge Due... 777



Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article's
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abobi SM, Wolff M (2019) West African reservoirs and their fisheries: an assessment of harvest potential.
Ecohydrol Hydrobiol 30(2):183–195. https://doi.org/10.1016/j.ecohyd.2019.11.004

Bagnis S, Fitzsimons M, Snape J, Tappin A, Comber S (2018) Sorption of active pharmaceutical ingredients in
untreated wastewater effluent and effect of dilution in freshwater: implications for an “impact zone”
environmental risk assessment approach. Sci Total Environ 624:333–341. https://doi.org/10.1016/j.
scitotenv.2017.12.092

Bagnis S, Fitzsimons MF, Snape J, Tappin A, Comber S (2019) Impact of the wastewater-mixing zone on
attenuation of pharmaceuticals in natural waters: implications for an impact zone inclusive environmental
risk assessment. Sci Total Environ 658:42–50. https://doi.org/10.1016/j.scitotenv.2018.12.191

Collins AL, Newell Price JP, Zhang Y, Gooday R, Naden PS, Skirvin D (2018) Assessing the potential impacts
of a revised set of on-farm nutrient and sediment ‘basic’ control measures for reducing agricultural diffuse
pollution across England. Sci Total Environ 621:1499–1511. https://doi.org/10.1016/j.scitotenv.2017.10.078

Correll D (1998) The role of phosphorus in the eutrophication of receiving waters. J Environ Qual 27(2):261–
266. https://doi.org/10.2134/jeq1998.00472425002700020004x

de Vera GA, Gernjak W, Weinberg H, Farré MJ, Keller J, von Gunten U (2017) Kinetics and mechanisms of
nitrate and ammonium formation during ozonation of dissolved organic nitrogen. Water Res 108:451–461.
https://doi.org/10.1016/j.watres.2016.10.021

Diaz RJ, Rosenberg R (2008) Spreading dead zones and consequences for marine ecosystems. Science
321(5891):926–929. https://doi.org/10.1126/science.1156401

Druart C,Morin-Crini N, Euvrard E, Crini G (2016) Chemical and ecotoxicological monitoring of discharge water from
a metal-finishing factory. Environ Process 3(1):59–72. https://doi.org/10.1007/s40710-016-0125-7

EC (1991) Council Directive 91/271/EEC of 21 May 1991 concerning urban waste-water treatment
European Court of Auditors (2016) Combating eutrophication in the Baltic Sea: further and more effective action

needed. Special report number 3. https://doi.org/10.2865/9931
Farazaki M, Gikas P (2019) Nitrification-denitrification of municipal wastewater without recirculation, using encapsu-

lated microorganisms. J Environ Manag 242:258–265. https://doi.org/10.1016/j.jenvman.2019.04.054
Finnegan CJ, van Egmond RA, Price OR, Whelan MJ (2009) Continuous-flow laboratory simulation of stream

water quality changes downstream of an untreated wastewater discharge. Water Res 43(7):1993–2001.
https://doi.org/10.1016/j.watres.2009.01.031

Fuhrmeister ER, Schwab KJ, Julian TR (2015) Estimates of nitrogen, phosphorus, biochemical oxygen demand, and
fecal coliforms entering the environment due to inadequate sanitation treatment technologies in 108 low andmiddle
income countries. Environ Sci Technol 49(19):11604–11611. https://doi.org/10.1021/acs.est.5b02919

González SO, Almeida CA, Calderón M, Mallea MA, González P (2014) Assessment of the water self-purification
capacity on a river affected by organic pollution: application of chemometrics in spatial and temporal variations.
Environ Sci Pollut Res 21(18):10583–10593. https://doi.org/10.1007/s11356-014-3098-y

Granéli E, Wallström K, Larsson U, Granéli W, Elmgren R (1990) Nutrient limitation of primary production in
the Baltic Sea area. Ambio 19(3):142–151 http://www.jstor.org/stable/4313680

Hanmin Z, Wang X, Xiao J, Yang F, Zhang J (2009) Enhanced biological nutrient removal using MUCT-MBR
system. Bioresour Technol 100(3):1048–1054. https://doi.org/10.1016/j.biortech.2008.07.045

Heddam S, Lamda H, Filali S (2016) Predicting effluent biochemical oxygen demand in a wastewater treatment
plant using generalized regression neural network based approach: a comparative study. Environ Process
3(1):153–165. https://doi.org/10.1007/s40710-016-0129-3

HELCOM (2011) The Fifth Baltic Sea Pollution Load Compilation (PLC-5). In: Baltic Sea Environ. Proc
HELCOM (2016) HELCOM thematic assessment of eutrophication 2011–2016. Supplementary report to the

‘state of the Baltic Sea’ report. Eutrophication Supplementary report
HELCOM (2018a) Sources and pathways of nutrients to the Baltic Sea. Baltic Sea Environ Proc 153(153):48

http://www.helcom.fi

Preisner M.778

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ecohyd.2019.11.004
https://doi.org/10.1016/j.scitotenv.2017.12.092
https://doi.org/10.1016/j.scitotenv.2017.12.092
https://doi.org/10.1016/j.scitotenv.2018.12.191
https://doi.org/10.1016/j.scitotenv.2017.10.078
https://doi.org/10.2134/jeq1998.00472425002700020004x
https://doi.org/10.1016/j.watres.2016.10.021
https://doi.org/10.1126/science.1156401
https://doi.org/10.1007/s40710-016-0125-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jenvman.2019.04.054
https://doi.org/10.1016/j.watres.2009.01.031
https://doi.org/10.1021/acs.est.5b02919
https://doi.org/10.1007/s11356-014-3098-y
http://www.jstor.org/stable/4313680
https://doi.org/10.1016/j.biortech.2008.07.045
https://doi.org/10.1007/s40710-016-0129-3
http://www.helcom.fi


HELCOM (2018b) The seven biggest rivers in the Baltic Sea region Baltic Sea Environment Proceedings No 161
Howarth RW, Marino R (2006) Nitrogen as the limiting nutrient for eutrophication in coastal marine ecosystems:

evolving views over three decades. Limnol Oceanogr 51(2):364–376. https://doi.org/10.4319/lo.2006.51.1_
part_2.0364

Jackson B, Jones K, Sweetman A (2016) The GREAT-ER model in China: Evaluating the risk of both treated
and untreated wastewater discharges and a consideration to the future. EGU General Assembly 2016, held
17–22 April, 2016 in Vienna Austria, 18, 324. http://adsabs.harvard.edu/abs/2016EGUGA..18..324J

Jetoo S (2018) Multi-level governance innovations of the Baltic Sea and the north American Great Lakes: new
actors and their roles in building adaptive capacity for eutrophication governance. Mar Policy 98:237–245.
https://doi.org/10.1016/j.marpol.2018.09.020

Jiang F, Beck M, Cummings R, Rowles K (2004) Estimation of costs of phosphorus removal in wastewater
treatment facilities. Water Policy Working (June), pp 1–28

Kampschreur MJ, Temmink H, Kleerebezem R, Jetten MSM, van Loosdrecht MCM (2009) Nitrous oxide emission
during wastewater treatment. Water Res 43(17):4093–4103. https://doi.org/10.1016/j.watres.2009.03.001

Karnib A (2014) A methodological approach for quantitative assessment of the effective wastewater manage-
ment: Lebanon as a case study. Environ Process 1(4):483–495. https://doi.org/10.1007/s40710-014-0032-8

Karydis M, Kitsiou D (2012) Eutrophication and environmental policy in the Mediterranean Sea: a review.
Environ Monit Assess 184(8):4931–4984. https://doi.org/10.1007/s10661-011-2313-2

Kemp WM, Boynton WR, Adolf JE, Boesch DF, Boicourt WC, Brush G, Cornwell JC, Fisher TR, Glibert PM,
Hagy JD, Harding LW, Houde ED, Kimmel DG, Miller WD, Newell RIE, Roman MR, Smith EM,
Stevenson JC (2005) Eutrophication of Chesapeake Bay: historical trends and ecological interactions. Mar
Ecol Prog Ser 303:1–29. https://doi.org/10.3354/meps303001

Kiedrzyńska E, Kiedrzyński M, Urbaniak M, Magnuszewski A, Skłodowski M, Wyrwicka A, Zalewski M
(2014) Point sources of nutrient pollution in the lowland river catchment in the context of the Baltic Sea
eutrophication. Ecol Eng 70:337–348. https://doi.org/10.1016/j.ecoleng.2014.06.010

Kim I-T, Lee Y-E, Yoo Y-S, Jeong W, Yoon Y-H, Shin D-C, Jeong Y (2019) Development of a combined
aerobic–anoxic and methane oxidation bioreactor system using mixed methanotrophs and biogas for
wastewater denitrification. Water 11(7):1377. https://doi.org/10.3390/w11071377

Kirschner AKT, Kavka GG, Velimirov B, Mach RL, Sommer R, Farnleitner AH (2009) Microbiological water
quality along the Danube River: integrating data from two whole-river surveys and a transnational
monitoring network. Water Res 43(15):3673–3684. https://doi.org/10.1016/j.watres.2009.05.034

Kobayashi JT, Thomaz SM, Pelicice FM (2008) Phosphorus as a limiting factor for Eichhornia crassipes growth
in the upper Paraná River floodplain. Wetlands 28(4):905–913. https://doi.org/10.1672/07-89.1

König M, Escher BI, Neale PA, Krauss M, Hilscherová K, Novák J, Teodorović I, Schulze T, Seidensticker S,
Kamal Hashmi MA, Ahlheim J, Brack W (2017) Impact of untreated wastewater on a major European river
evaluated with a combination of in vitro bioassays and chemical analysis. Environ Pollut 220:1220–1230.
https://doi.org/10.1016/j.envpol.2016.11.011

Kowalewski Z, Neverova-Dziopak E, Preisner M (2016) Computer simulation of activated sludge process to
obtain the minimum eutrophication potential of municipal wastewater. Ochrona Srodowiska 38(3):23–28

Lim JH, Lee CW (2017) Effects of eutrophication on diatom abundance, biovolume and diversity in tropical
coastal waters. Environ Monit Assess 189(9):432. https://doi.org/10.1007/s10661-017-6147-4

Lisimenka A, Kubicki A (2019) Bedload transport in the Vistula River mouth derived from dune migration rates,
southern Baltic Sea. Oceanologia 61(3):384–394. https://doi.org/10.1016/j.oceano.2019.02.003

Majewski W (2014) Sustainable development of the lower Vistula. Meteorol Hydrol Water Manag 1(1):33–38.
https://doi.org/10.26491/mhwm/21814

Mąkinia J, Zaborowska E (2020) Mathematical modelling and computer simulation of activated sludge systems.
IWA Publishing, London. https://doi.org/10.2166/9781780409528

McDaniel NK, Sugiura SH, Kehler T, Fletcher JW, Coloso RM, Weis P, Ferraris RP (2005) Dissolved oxygen and
dietary phosphorus modulate utilization and effluent partitioning of phosphorus in rainbow trout (Oncorhynchus
mykiss) aquaculture. Environ Pollut 138(2):350–357. https://doi.org/10.1016/j.envpol.2005.03.004

Ministry of Environment (2016) Regulation of 21th July 2016 on the classification of the status of surface water
bodies and environmental quality standards for priority substances

Ministry of Marine Economy and Inland Navigation (2019) Regulation of the Ministry of Maritime Economy
and Inland Navigation on substances especially harmful to the aquatic environment and conditions to be met
when entering wastewater or sewage, as well as draining storm water

Nakajima J, Murata Y, Sakamoto M (2006) Comparison of several methods for BAP measurement. Water Sci
Technol 53(2):329–336. https://doi.org/10.2166/wst.2006.067

Nazari Alavi A, Mirzai M, Sajadi SAA, Alamolhoda AA (2007) Surveying the Jagrood river’s self-purification.
Environ Inform Arch 5:605–611

Surface Water Pollution by Untreated Municipal Wastewater Discharge Due... 779

https://doi.org/10.4319/lo.2006.51.1_part_2.0364
https://doi.org/10.4319/lo.2006.51.1_part_2.0364
http://adsabs.harvard.edu/abs/2016EGUGA..18..324J
https://doi.org/10.1016/j.marpol.2018.09.020
https://doi.org/10.1016/j.watres.2009.03.001
https://doi.org/10.1007/s40710-014-0032-8
https://doi.org/10.1007/s10661-011-2313-2
https://doi.org/10.3354/meps303001
https://doi.org/10.1016/j.ecoleng.2014.06.010
https://doi.org/10.3390/w11071377
https://doi.org/10.1016/j.watres.2009.05.034
https://doi.org/10.1672/07-89.1
https://doi.org/10.1016/j.envpol.2016.11.011
https://doi.org/10.1007/s10661-017-6147-4
https://doi.org/10.1016/j.oceano.2019.02.003
https://doi.org/10.26491/mhwm/21814
https://doi.org/10.2166/9781780409528
https://doi.org/10.1016/j.envpol.2005.03.004
https://doi.org/10.2166/wst.2006.067


Neverova-Dziopak E, Preisner M (2015) Analysis of methods for determination of conditions of municipal
wastewater discharge into recipients in selected countries. Ochrona Srodowiska 37(1):3–9 (in Polish)

NWMH Polish Waters (2017) National Municipal Wastewater Treatment Program (in Polish)
NWMH Polish Waters (2018) Report on the implementation of the National Municipal Wastewater Treatment

Program in 2016 and 2017 (in Polish)
Ouyang Y, Feng G, Parajuli P, Leininger T, Wan Y, Jenkins JN (2018) Assessment of surface water quality in

the Big Sunflower River watershed of Mississippi delta using nonparametric analysis. Water Air Soil Pollut
229(11):373. https://doi.org/10.1007/s11270-018-4022-8

Piper RG (1982) Fish hatchery management. US Department of the Interior, Fish and Wildlife Service,
Washington, DC

Pirsaheb M, Khamutian R, Khodadadian M (2014) A comparison between extended aeration sludge and
conventional activated sludge treatment for removal of linear alkylbenzene sulfonates (case study:
Kermanshah and Paveh WWTP). Desalin Water Treat 52(25–27):4673–4680. https://doi.org/10.1080
/19443994.2013.809965

Rankinen K, Cano Bernal JE, Holmberg M, Vuorio K, Granlund K (2019) Identifying multiple stressors that
influence eutrophication in a Finnish agricultural river. Sci Total Environ 658:1278–1292. https://doi.
org/10.1016/j.scitotenv.2018.12.294

Rogowska J, Cieszynska-Semenowicz M, Ratajczyk W, Wolska L (2019) Micropollutants in treated wastewater.
Ambio 49:487–503. https://doi.org/10.1007/s13280-019-01219-5

Ryu J, Oh J, Snyder SA, Yoon Y (2014) Determination of micropollutants in combined sewer overflows and
their removal in a wastewater treatment plant (Seoul, South Korea). Environ Monit Assess 186(5):3239–
3251. https://doi.org/10.1007/s10661-013-3613-5

Rzeszutek M, Bogacki M, Bździuch P, Szulecka A (2019) Improvement assessment of the OSPM model
performance by considering the secondary road dust emissions. Transp Res Part D: Transp Environ 68:
137–149. https://doi.org/10.1016/j.trd.2018.04.021

Selman M, Greenhalgh S (2010) Eutrophication: sources and drivers of nutrient pollution. Renew Resour J 26(4):
19–26

Singh KP, Mohan D, Sinha S, Dalwani R (2004) Impact assessment of treated/untreated wastewater toxicants
discharged by sewage treatment plants on health, agricultural, and environmental quality in the wastewater
disposal area. Chemosphere 55(2):227–255. https://doi.org/10.1016/j.chemosphere.2003.10.050

Smol M, Włóka D, Włodarczyk-Makuła M (2018) Influence of integrated membrane treatment on the phyto-
toxicity of wastewater from the Coke industry. Water Air Soil Pollut 229(5):154. https://doi.org/10.1007
/s11270-018-3794-1

Smol M, Preisner M, Bianchini A, Rossi J, Hermann L, Schaaf T et al (2020) Strategies for sustainable and
circular management of phosphorus in the Baltic Sea Region: the holistic approach of the InPhos Project.
Sustainability (Switzerland) 12(6):2567

Taylor JC, Miller JM (2001) Physiological performance of juvenile southern flounder, Paralichthys lethostigma
(Jordan and Gilbert, 1884), in chronic and episodic hypoxia. J Exp Mar Biol Ecol 258(2):195–214.
https://doi.org/10.1016/S0022-0981(01)00215-5

Tu L, Jarosch KA, Schneider T, Grosjean M (2019) Phosphorus fractions in sediments and their relevance for
historical lake eutrophication in the Ponte Tresa basin (Lake Lugano, Switzerland) since 1959. Sci Total
Environ 685:806–817. https://doi.org/10.1016/j.scitotenv.2019.06.243

Vialkova E, Maksimova S, Zemlyanova M, Maksimov L, Vorotnikova A (2020) Integrated design approach to
small sewage systems in the Arctic climate. Environ Process 7:673–690. https://doi.org/10.1007/s40710-
020-00427-6

Wang H, Wang H (2009) Mitigation of lake eutrophication: loosen nitrogen control and focus on phosphorus
abatement. Prog Nat Sci 19(10):1445–1451. https://doi.org/10.1016/j.pnsc.2009.03.009

Żelazo J (2013) Environmental considerations of development of the lower Vistula River. Acta Energetica 2(15):
69–76. https://doi.org/10.12736/issn.2300-3022.2013205

Zhang X, Wu Y, Gu B (2015) Urban rivers as hotspots of regional nitrogen pollution. Environ Pollut 205:139–
144. https://doi.org/10.1016/j.envpol.2015.05.031

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Preisner M.780

https://doi.org/10.1007/s11270-018-4022-8
https://doi.org/10.1080/19443994.2013.809965
https://doi.org/10.1080/19443994.2013.809965
https://doi.org/10.1016/j.scitotenv.2018.12.294
https://doi.org/10.1016/j.scitotenv.2018.12.294
https://doi.org/10.1007/s13280-019-01219-5
https://doi.org/10.1007/s10661-013-3613-5
https://doi.org/10.1016/j.trd.2018.04.021
https://doi.org/10.1016/j.chemosphere.2003.10.050
https://doi.org/10.1007/s11270-018-3794-1
https://doi.org/10.1007/s11270-018-3794-1
https://doi.org/10.1016/S0022-0981(01)00215-5
https://doi.org/10.1016/j.scitotenv.2019.06.243
https://doi.org/10.1007/s40710-020-00427-6
https://doi.org/10.1007/s40710-020-00427-6
https://doi.org/10.1016/j.pnsc.2009.03.009
https://doi.org/10.12736/issn.2300-3022.2013205
https://doi.org/10.1016/j.envpol.2015.05.031

	Surface Water Pollution by Untreated Municipal Wastewater Discharge Due to a Sewer Failure
	Abstract
	Introduction
	Methods
	Results
	Untreated Wastewater Quality Parameters
	Background Monitoring Parameters
	River Pollution Monitoring in the Mixing Zone
	Stretch of the River Pollution
	Impact Assessment of the Discharged Wastewater on the Water Quality

	Discussion
	Conclusions
	References




