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Abstract: In August 2019 and during August/September 2020, the main collection system of the
Wastewater Treatment Plant (WWTP) in Warsaw, Poland, malfunctioned. During that system failure,
over 4.8 million m3 of untreated wastewater was dropped directly into the Vistula River in just a
few days. It is currently considered as one of the largest known failures of WWTP worldwide. In
order to assess the environmental impact, water samples were collected from 2 spots at the Vistula
river estuary (406 and 415 km from the discharge location, respectively), and 4 spots at the Gulf of
Gdansk, situated on the southern shore of the Baltic Sea. The sampling was conducted before the
wastewater wave reached the Vistula river’s mouth, followed by daily sampling during 21 days after
the malfunction occurred. The study showed the decline in water quality at the Vistula river estuary
and the Baltic shore waters as the wave of wastewater reached those points, despite being situated
over 400 km downstream from the place of the accident. Those changes included the reduction in
the dissolved oxygen content (by 0.69-fold at its peak), the increase in Total Organic Carbon (TOC)
(by 1.28-fold at its peak), nitrate-nitrogen (N-NO3) (by 1.68-fold at its peak), phosphorous (P) (by
2.41-fold at its peak), conductivity (by 16.8-fold at its peak), and Chemical Oxygen Demand (COD)
(by 1.84-fold). In the samples from the Vistula river, the decline in water quality was seen as incidental
and lasted 2–3 days. Subsequently, the levels of physical and chemical parameters returned to the
levels from before the accident. However, the changes in the Gulf of Gdańsk lasted significantly
longer, especially on the West side of the Vistula river, where, even after 21 days from the initial
accident, some parameters remained altered.

Keywords: wastewater; Gulf of Gdansk; wastewater treatment plant; wastewater release; raw
wastewater; emergency discharge of sewage; Baltic Sea; total organic carbon; water pollution

1. Introduction

“Czajka” Wastewater Treatment Plant (WWTP) is the main wastewater treatment
facility in the capital city of Poland, Warsaw [1]. It is the largest and most modern wastew-
ater treatment facility in Poland and in Eastern Europe, collecting raw wastewater from
both sides of the capital city, which is divided by the Vistula River—the largest river in
Poland. Czajka WWTP is situated on 56 ha of land and was initially completed in 1991,
after almost two decades of construction [2]. However, when finally finished, the facility
was already outdated and unable to deal with the rapidly increasing population of the
capital city [3]. Extensive reconstruction, enlargement, and modernization were needed to
meet the European Union (EU) standards for wastewater being implemented in 2007. It
included the need to provide wastewater treatment for all urban effluents and to reduce
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the amounts of nitrogen (N) and phosphorus (P) in the wastewater released in the environ-
ment to a maximum of 10 mg/L and 1 mg/L, respectively [4]. Therefore, the facility was
modernized and expanded in three stages, completed in the spring of 2013 [5]. Designed to
support approximately 2.1 million people, the above-mentioned modernization doubled
the facility’s daily inflow capacity from 200,000 m3 to 435,000 m3 per day and even to
515,000 m3 at peak times and emergencies [6]. Sewage sludge production also doubled
to around 160,000 tons per annum [7]. The modernization cost, around 769 million euros
(approximately USD 1 bn), was funded partially by the EU and by the Municipality of
Warsaw [8].

On 28 August 2019, the transmission system between both sides of the Vistula river
malfunctioned. A temporary replacement was constructed within the following 12 days,
but approximately 3,600,000 cubic meters of untreated wastewater had been discharged
directly into the Vistula river, making it one of the most significant system failures of any
WWTP in the world. In 2019, before the first accident, 0.6 tons of P and around 10.8 tons of
N were added to the Vistula river weekly by WWTP. During the accident, it is estimated
that the Vistula river received around 10.8 t of P and 101 t of N per week [1]. A year later,
another malfunction occurred, during which in a span of just a few days, over 4.8 million
cubic meters of untreated wastewater was released directly into the Vistula River. At the
begging of the malfunction, 3000 L of raw wastewater were released to the Vistula river
every second. Due to heavy rainfall in the following days, that number rapidly increased
to approximately 15–20 thousand cubic meters per second [4].

Given the sheer volume of raw wastewater released to the river, both failures of this
WWTP were one of the largest WWTP accidents in the world. To date, the other significant
malfunctions of WWTPs were the 2020 accident in Fort Lauderdale, Florida, U.S.A., with the
release of over 1,045,000 m3 of raw sewage [9]; an accident in 2017 in Tijuana, Mexico, with
a release of over 540,000 m3 wastewater into the Tijuana River; in 2006 in Waikiki, Hawaii,
U.S.A., with the release of over 180,000 m3 of raw wastewater; an undetermined volume
of raw wastewater released into the Casco Bay Portland, U.S.A. after an electricity failure
and the malfunction of backup generators; and approximately a 140,000 m3 release of raw
wastewater in 2020 during a WWTP failure in Seattle, Washington, U.S.A. [10,11]. In 2018,
in Poland, there were emergency discharges of raw sewage into the Motława River, which
then went into the Gulf of Gdańsk, Poland. As a result, 2300 m3 of untreated municipal
wastewater was discharged into the Gulf of Gdańsk per hour. Our team attempted to assess
the air and sea water after an emergency discharge of raw sewage into the Bay of Gdańsk.
We presented the results of the research in several manuscripts [12–15].

The consequences of this event for the Vistula River and the Gulf of Gdańsk (sit-
uated on the southern side of the Baltic Sea) remain unknown. During both malfunc-
tions, the Environmental Protection Inspection in Mazovia Voivodeship monitored the
effects of the incident at several points from above the sewage drop until only 30 km
down the river, which included the measurements of water temperature, dissolved oxy-
gen content, water pH, conductivity, the total suspension, the content of nitrates and
total nitrogen, chemical oxygen demand, and the total content of nitrogen, phosphorus,
and carbon (https://wody.gov.pl/aktualnosci/1290-pilne-kolejna-awaria-w-oczyszczalni-
sciekow-czajka-w-warszawie) (accessed on 12 January 2022). This study investigates the
changes in surface water parameters before, during, and after WWTP malfunction at the
Vistula river mouth (406–415 km downstream from the accident site) and in 4 points of the
surface water on the Baltic seashore (in the subsequent few weeks).

Understanding and predicting the possible consequences of WWTP failure is funda-
mental now, since the majority of WWTP accidents occur due to a combination of structural
failure as well as extreme weather conditions (such as heavy rains, floods, hurricanes, and
earthquakes). It is estimated that approximately 72% of all WWTP accidents occur due to
a combination of those reasons. Thus, due to the changing climate and extreme weather
conditions occurring more commonly, it is estimated that the number of WWTP failures
will continue to increase in the future [11].

https://wody.gov.pl/aktualnosci/1290-pilne-kolejna-awaria-w-oczyszczalni-sciekow-czajka-w-warszawie
https://wody.gov.pl/aktualnosci/1290-pilne-kolejna-awaria-w-oczyszczalni-sciekow-czajka-w-warszawie
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The present study investigates the impact of pollutants, and the possible consequences
of such malfunctions for the future. Since the source of contamination was municipal
wastewater from a large city, the effects on eutrophication via an increase in the content of
organic matter and nitrogen is of concern. In addition, the amount of dissolved oxygen
(DO) is also measured as it is a crucial parameter for the organisms living in the water
ecosystem. In addition, the Chemical Oxygen Demand (COD) is analyzed in the two
sample points of the Vistula river to monitor the amount of organic matter. Last but not
least, the changes in pH and water conductivity are also recorded.

In general, the Gulf of Gdańsk is an estuary of a considerable inflow of fluvial waters
ranging from about 33.0 to 34.4 km3 per year. In addition, the Gulf of Gdańsk waters are
permanently stratified [16,17], thus less dense riverine water tends to remain in the surface
layer of estuary [18,19].

2. Materials and Methods
2.1. Sampling

The sampling was performed in six sampling points (Figure 1). Two sampling points
were situated at the estuary of the Vistula River (Point 1: GPS: 54.258176, 18.945701; Point 2:
GPS: 54.333449, 18.939968; the distances from the site of the accident for Points 1 and 2 was:
406 and 415 km, respectively). The remining 4 sampling points were situated on the South-
ern shore of Baltic Sea in the Gulf of Gdansk region. Two of those points (Point 3 and 4)
were situated on the eastern site of the Vistula River mouth (Point 3: GPS: 54.353164,
18.965191; Point 4: GPS: 54.344811, 19.032261; distance from the site of the accident: 421
and 426 km, respectively). The last two sampling spots were situated on the western side
from the Vistula River mouth (Point 5 GPS: 54.352627, 18.935572 Point 6: GPS: 54.350606,
18.860966; the distances from the site of the accident: 421 and 423.5 km, respectively). All
surface water samples were collected into 500 mL volume bottles previously sterilized
and deionized. The sampling started on the 2 September 2020 and continued until the
9 September 2020, and the samples were collected daily. The last sample was collected
on the 18 September 2020. Thus, the total number of days with sample collection was 9
(2.09.2020, 3.09.2020, 4.09.2020, 5.09.2020, 6.09.2020, 7.09.2020, 8.09.2020, 9.09.2020, and
18.09.2020). A total of 66 water samples were collected in the area of the mouth of the
Vistula, to the Gulf of Gdansk. Surface water samples were collected at 6 points, i.e., Kiez-
mark (1), Mikoszewo-Wisła (2), Mikoszewo-Sea (3), Jantar (4), WyspaSobieszewska-Orle
(5), and Sobieszewo (6) (Figure 1a). The water collection points are marked on the map
(Figure 1b) and a map of the Gulf of Gdańsk with a bathymetry is presented in Figure 1c.
All the samples were immediately stored in the fridge at temperature (+2 + 4 ◦C) and
transported to the Medical University of Gdańsk, the Department of Immunobiology and
Environmental Microbiology.

2.2. Meteorological Data

Meteorological data, including the water temperature, atmospheric pressure, wind
speed, and direction, were obtained from the Institute of Meteorology and Water Manage-
ment databases, National Research Institute, Poland (https://www.imgw.pl/) (accessed on
20 September 2020).

2.3. pH and Conductivity Assessment

The water pH was determined in accordance with the ISO 10523:2008 norm. The
determination of the electrical conductivity was performed by following the ISO 7888:1985
norm. For both, the pH and the conductivity assessment, the Hanna instruments pH
and conductivity meter Hi 9025 (HANNA INSTRUMENTS INC., Woonsocket, RI, USA)
were used.

https://www.imgw.pl/
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Figure 1. The map of Poland with the Vistula River. (a)—the Vistula River and the place of the 
accident. The point of the accident and the area downstream from the place of the accident is marked 
by a red line. (b)—sampling places at the end of the Vistula River and on the Gulf of Gdansk shore. 
(c)—Gulf of Gdańsk map with bathymetry. Surface water samples were collected at 6 points, i.e., (1) 
Kiezmark, (2) Mikoszewo-Wisła, (3) Mikoszewo Sea, (4) Jantar, (5) Wyspa Sobieszewska-Orle, and 
(6) Sobieszewo. 

Figure 1. The map of Poland with the Vistula River. (a)—the Vistula River and the place of the
accident. The point of the accident and the area downstream from the place of the accident is marked
by a red line. (b)—sampling places at the end of the Vistula River and on the Gulf of Gdansk shore.
(c)—Gulf of Gdańsk map with bathymetry. Surface water samples were collected at 6 points, i.e.,
(1) Kiezmark, (2) Mikoszewo-Wisła, (3) Mikoszewo Sea, (4) Jantar, (5) Wyspa Sobieszewska-Orle, and
(6) Sobieszewo.
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2.4. The Total Organic Carbon (TOC), Nitrate (N-NO3), and Total Phosphorus Content

The Total Organic Carbon (TOC) was measured by TOC Cell Test Merck Millipore kit
(Merck & Co., Inc., Kenilworth, NJ, USA) by following the manufacturer’s instructions.
In brief, sample digestion was performed with sulfuric acid and peroxydisulfate, which
caused carbon-containing compounds to be transformed into carbon dioxide in the pres-
ence of the indicator. A total volume of 25 mL of each water sample was used for the
assessment of TOC. The content of the total phosphorus was measured using Phosphate
Cell Test, photometric, 0.5–25.0 mg/L (PO4

−P), 1.5–76.7 mg/L (PO4
3−), 1.1–57.3 mg/L

(P2O5), Spectroquant® (Merck & Co., Inc., Kenilworth, NJ, USA) by following the manufac-
turer’s instructions. The nitrate content was measured using the Nitrate Cell Test Method:
photometric 0.5–18.0 mg/L NO3

−N, 2.2–79.7 mg/L NO3
− Spectroquant® (Merck & Co.,

Inc., Kenilworth, NJ, USA) by following the manufacturer’s instructions. The Dissolved
Oxygen (DO) content was measured with oxygen Cell Test, photometric 0.5–12.0 mg/L O2
Spectroquant® (Merck & Co., Inc., Kenilworth, NJ, USA) by following the manufacturer’s
instructions. The Chemical Oxygen Demand for the samples located on the Vistula River
was measured with the COD Cell Test photometric, 25–1500 mg/L (COD), Spectroquant®

(Merck & Co., Inc., Kenilworth, NJ, USA) following the manufacturer’s instructions.

3. Results
3.1. Meteorological Data

Table 1 presents the meteorological data from the sampling days at the mouth of
the Vistula River. During the 2.5 weeks of sampling, the temperature oscillated between
17–19 ◦C. The atmospheric pressure was between 1013 and 1025 hPa, and the wind speed
between 3–12 m/s. The wind direction varied for the first 4–5 days of sampling, and from
5 September the dominating direction of the wind was South-West.

Table 1. Meteorological data from Gdańsk recorded by the Institute of Meteorology and Wa-
ter Management, National Research Institute, Poland (https://www.imgw.pl/) (accessed on 20
September 2020).

Date
(Day/Month)

Hour
Time Zone:
GMT + 1

Water
Temperature

◦C

Atmospheric
Pressure

hPa

Wind Speed
m/s

Wind
Direction

1.09 6 AM 19 1018 5 N
2.09 6 AM 19 1014 9 NE
3.09 6 AM 19 1015 6 S
4.09 6 AM 18 1018 8 SW
5.09 6 AM 18 1013 6 SW
6.09 6 AM 18 1016 4 SW
7.09 6 AM 18 1019 3 SW
8.09 6 AM 18 1019 7 SW
9.09 6 AM 18 1018 4 SW
10.09 6 AM 17 1013 8 W
11.09 6 AM 17 1019 3 SW
12.09 6 AM 17 1016 3 S
13.09 6 AM 17 1023 7 W
14.09 6 AM 17 1025 5 SW
15.09 6 AM 17 1025 3 S
16.09 6 AM 17 1017 5 S
17.09 6 AM 18 1020 12 W
18.09 6 AM 18 1019 9 SW

https://www.imgw.pl/
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3.2. Changes in the Physio-Chemical Parameters of the Water in the Vistula River after the
Emergency Discharge of the Raw Sewage

Considering the points located on the Vistula River (Points 1 and 2), it is evident that
the wave of the wastewater reached those points on the 3 September 2020 (Figure 2). At
Point 1, the pH of the water continued to decrease from the initial 7.9 to 7.2 on 5 September.
After that time, the pH returned to its initial state (Figure 2a). The water conductivity
level increased over 11-fold in a span of 24 h between the 2 and 3 September, rising from
650 to 7210 µs/cm (Figure 2b). Such a dramatic increase indicates that during 2 and 3 of
September, the water quality fell by two quality classes according to the classification of the
ecological status of surface water in accordance with the Ministry of Environment (2016),
according to the classification of the status of surface water bodies and environmental
quality standards for priority substances (Polish Journal of Laws Dz. U. of 2016 item
1187) [20]. In the following days and until the end of sampling, water conductivity at Point
1 was still higher than on 2 September and belongs to class II of surface waters. The content
of TOC rose from 7.1 to 9.1 mg/L at its peak during 4 September (Figure 2c). The elevated
levels of TOC persisted similarly to the conductivity, until the end of sampling.

Int. J. Environ. Res. Public Health 2022, 19, 2048 7 of 18 
 

 

conditions present before the wastewater release (Figure 3d). That increase lowered back 
to its original level on 18 September. 

The Dissolved Oxygen level decreased rapidly, and for two consecutive days re-
mained two ecological classes lower than before the wave (Figure 3e). However, the level 
of dissolved O2 bounced back relatively quickly and remained stable since 9 September. 
The level of N-NO3 increased by 59.67% at its peak and decreased again after just a few 
days (Figure 2f). The level of COD increased staggeringly from 19.4 to 35.8 at its peak, 
decreasing the water quality by II ecologic classification levels (Figure 2g). The level of 
COD remained elevated for three days, and afterwards, it declined to the level from before 
the sewage release. 

 
Figure 2. Cont.



Int. J. Environ. Res. Public Health 2022, 19, 2048 7 of 18Int. J. Environ. Res. Public Health 2022, 19, 2048 8 of 18 
 

 

 
Figure 2. Changes in the water quality during the raw wastewater wave passage in Point 1 located 
at the Vistula River estuary (a): water pH, (b): conductivity [µs/cm], (c): TOC—total organic carbon 
[mg/L], (d): P—total phosphorus [mg/L], (e): dissolved oxygen content O2 [mg/L], (f): water N-
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ured at the beginning of the monitoring, based on the classification of the ecological status of surface 
water in accordance with the Ministry of Environment (2016), according to the classification of the 
status of the surface water bodies and environmental quality standards for priority substances 
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Figure 2. Changes in the water quality during the raw wastewater wave passage in Point 1 located at
the Vistula River estuary (a): water pH, (b): conductivity [µs/cm], (c): TOC—total organic carbon
[mg/L], (d): P—total phosphorus [mg/L], (e): dissolved oxygen content O2 [mg/L], (f): water
N-NO3/L content, (g): COD—chemical oxygen demand [mg/L]). “*”—fall by one ecological class
of water quality; “**”—fall by two ecological classes of water quality in comparison to the level
measured at the beginning of the monitoring, based on the classification of the ecological status of
surface water in accordance with the Ministry of Environment (2016), according to the classification
of the status of the surface water bodies and environmental quality standards for priority substances
(Polish Journal of Laws Dz. U. of 2016 item 1187).

The content of total phosphorus reached its peak one day after the peak for TOC
and two days after the peak of conductivity, on 5 September, and reached 0.079 mg/dm3,
which was a 66.8% increase from the starting point (Figure 2d). The phosphorus levels
remained elevated for a few consecutive days but decreased during the last measured
time point. The raw wastewater release also decreased the content of dissolved oxygen.
On 4 and 5 September, the dissolved oxygen levels decreased the water quality by 1 class
point (Figure 2e). However, the dissolved oxygen levels increased after just four days
and fully recovered by the final time point. The levels of nitrates increased during the
raw sewage discharge from 1 mg to 1.72 on 5.09 (Figure 2f). After that, the levels of N-
NO3 decreased but stabilized at an elevated level. The Chemical Oxygen Demand (COD)
increased dramatically from 21.0 to 35.1 in just 24 h, causing a drop-in the water quality by
two ecological classes (Figure 2g). However, the COD levels remained elevated for three
days, after which the COD returned to the levels before the accident.
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The results collected at Point 2, the last point on the Vistula River, before its release to
the Gulf of Gdańsk on the southern Baltic Sea, were similar but delayed by approximately
one day compared to Point 1. The pH levels decreased rapidly during the wave passage
through, but bounced back up on 6 September (Figure 3a). The level of conductivity
climbed for seven consecutive days, decreasing the water quality by one ecological class
before starting to decrease on the last day of measurement (Figure 3b). The concentration
measured on 18 September was still higher than on 2 September. Similarly, the concentration
of TOC increased initially, but decreased by 18 September (Figure 3c). The phosphorus
concentration increased by approximately 60–70%, compared to the conditions present
before the wastewater release (Figure 3d). That increase lowered back to its original level
on 18 September.

The Dissolved Oxygen level decreased rapidly, and for two consecutive days remained
two ecological classes lower than before the wave (Figure 3e). However, the level of
dissolved O2 bounced back relatively quickly and remained stable since 9 September.
The level of N-NO3 increased by 59.67% at its peak and decreased again after just a few
days (Figure 2f). The level of COD increased staggeringly from 19.4 to 35.8 at its peak,
decreasing the water quality by II ecologic classification levels (Figure 2g). The level of
COD remained elevated for three days, and afterwards, it declined to the level from before
the sewage release.
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Figure 3. Changes in the water quality during the raw wastewater wave passage in Point 2 located at
the Vistula River estuary (a): water pH, (b): conductivity [µs/cm], (c): TOC—total organic carbon
[mg/L], (d): P—total phosphorus [mg/L], (e): dissolved oxygen content O2 [mg/L], (f): water
N-NO3/L content, (g): COD—chemical oxygen demand [mg/L]). “*”—fall by one ecological class
of water quality; “**”—fall by two ecological classes of water quality in comparison to the level
measured at the beginning of the monitoring, based on the classification of the ecological status of the
surface water in accordance with the Ministry of Environment (2016), according to the classification
of the status of the surface water bodies and environmental quality standards for priority substances
(Polish Journal of Laws Dz. U. of 2016 item 1187).

3.3. Changes in the Physical and Chemical Parameters of Seawater on the Shore of the Gulf of
Gdansk, East from the Vistula River Mouth

The pH of the water from the western side of the estuary of the Vistula river, on the
Gulf of Gdansk shore, lowered only slightly during the course of sampling without any
significant changes (Figure 4a). However, the electrical conductivity of the water increased
dramatically during the second day of the sampling and continued to increase during the
following days. At its peak, the electrical conductivity in Point 3 increased over 14-fold
after the wastewater entered the shore, compared to conditions before the accident. In Point
4, situated further west, a 3.8-fold increase in electrical conductivity was noticed (Figure 4b).
For both points, the electrical conductivity lowered by 18 September, but did not reach the
level from before the accident. In Point 3, the electrical conductivity on 18 September was
still 5.33 times higher than before the accident and 1.8 times higher in Point 4.
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Figure 4. Changes in the water quality during the raw wastewater wave passage in Points 3 and 4
located on the eastern side from the Vistula River mouth in the Gulf of shore, where: (a): water pH,
(b): conductivity [µs/cm], (c): TOC—total organic carbon [mg/L], (d): P—total phosphorus [mg/L],
(e): dissolved oxygen content O2 [mg/L], (f): water N-NO3/L content. “*”—fall by one ecological
class of water quality; “**”—fall by two ecological classes of water quality in comparison to the level
measured at the beginning of the monitoring based on the classification of the ecological status of the
surface water in accordance with the Ministry of Environment (2016), according to the classification
of the status of the surface water bodies and environmental quality standards for priority substances
(Polish Journal of Laws Dz. U. of 2016 item 1187).
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The content of TOC on the western side of the Gulf of Gdansk Increased after the
wave of wastewater from 6.5 mg C/dm3 to 7.9 mg C/dm3, and from 6.2 mg C/dm3 to
7.4 mg C/dm3 in Points 3 and 4, respectively (Figure 4c). During the last day of sampling,
the total organic carbon content decreased in both points, but remained at a higher level
compared to the point before the wastewater entered the shore.

The phosphorus content started to increase on 4 September and continued the trend
continuously until 9 September. At its peak, the phosphorus content increased 2.5-fold
and 2.8-fold in Points 3 and 4, respectively (Figure 4d). Similarly, to the record of TOC, the
content of phosphorus was lower on the last sampling day but did not reach the state from
before the accident.

The dissolved oxygen content decreased substantially from approximately 9.8, 9.9 mg/L
on 2 September in Points 3 and 4, respectively, to approximately 7.6 and 7.8 mg/L on 4
September, decreasing the water quality by one ecological class (Figure 4e). In Point 3,
the dissolved oxygen content remained stable until 9 September, while in point 4, the DO
decreased further to approximately 7.1 mg/L on 9 September, resulting in the decrease in
two ecological state levels. During the last sampling day, 18 September, the content of DO
started to increase, but, similarly to the content of TOC and P, it did not reach the level from
before the accident.

The nitrate-nitrogen content in the water on the eastern shore of the Baltic Sea more
than doubled after the wave of wastewater, decreasing the overall water quality by two
classes on 4, 5, and 6 September in Point 4, and on 6 and 7 September in Point 4 (Figure 4f).
However, the nitrate-nitrogen content started to decline faster than the content of TOC, or
P. The peak of the nitrate-nitrogen content was reached on 7 September in Point 3 and on 6
September in Point 4.

3.4. Changes in the Physical and Chemical Parameters of the Water on the Shore of the Gulf of
Gdansk, West from the Vistula River Mouth

Interestingly, the physical and chemical consequences of the wastewater treatment
plant failure were different on the west side from the Vistula river entry into the Gulf of
Gdansk, in comparison to its east side. The pH of the water continued to decline through
all sampling days, especially for Point 6 (further west) (Figure 5a). Similar effects were
noticed for the changes in water conductivity (Figure 5b). The content of TOC continued to
climb without any sign of decrease or return to the state from before the accident (in Points
5 and 6) (Figure 5c). The content of P started to decline at Point 5 but continued to increase
through all the sampling timepoints in Point 6, causing a decrease in the water quality
by two ecological classes (Figure 5d). Similarly, the N-NO3 content increased through
all the sampling time points in Point 6 (Figure 5f). The dissolved oxygen content also
continually decreased in Point 6, causing a drop-in the water quality by two ecological
classes (Figure 5e). It is worth mentioning that Point 6 was located on the western side of
the Gulf of Gdańsk, which is more isolated from the open Baltic Sea. In addition, during
the sampling, the wind direction was west or southwest.
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Figure 5. Changes in the water quality during the raw wastewater wave passage in Points 5 and
6 located on the western side from the Vistula River mouth in the Gulf of Gdansk shore, where:
(a): water pH, (b): conductivity [µs/cm], (c): TOC—total organic carbon [mg/L], (d): P—total
phosphorus [mg/L], (e): dissolved oxygen content O2 [mg/L], (f): water N-NO3/L content). “*”—
fall by one ecological class of water quality; “**”—fall by two ecological classes of water quality in
comparison to the level measured at the beginning of the monitoring based on the classification of
the ecological status of the surface water in accordance with the Ministry of Environment (2016),
according to the classification of the status of the surface water bodies and environmental quality
standards for priority substances (Polish Journal of Laws Dz. U. of 2016 item 1187).
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4. Discussion

The previous accidents of the Wastewater Treatment Plants showcased that in the
event of the accident at the WWTP, the environment surrounding the facility, especially the
waterbodies, are damaged [21]. The 2020 accident at the “Czajka” WWTP was the largest
WWTP accident worldwide, in regard to the sheer volume of released wastewater [4].
Understanding its effects on the surrounding environment, the Vistula river, its estuary,
and the Baltic Sea’s shore is crucial to understand the probable impact of such accidents in
the future and designing ways to counteract its consequences. This is especially crucial now
since over 72% of previous WWTP accidents were caused by a combination of structural
failure with extreme weather conditions, which are estimated to occur more frequently in
the future, leading to an increased chance of another major WWTP accident [11,22]. Emer-
gencies caused by accidents in WWTPs are a significant and growing problem. The failure
of any component of WWTP can lead to a decrease in the efficiency of wastewater treatment
or even a failure of the entire facility, leading to the release of untreated wastewater into
the environment. A crucial part of preventing WWTPs failure in the future and developing
efficient ways of such emergency management is to uniform reporting of failures. Although
most countries have an automatic system for failure reporting, the reports are not uniform
and often do not include operational data [23]. Many components of WWTP can be sub-
jected to operational failure, which can affect the primary process of wastewater collection,
its transport, and treatment. However, most reports from the accidents are focused strictly
on a technical point of view, starting from the failure instead of a system analysis point of
view. Such a systematic analysis of the entire wastewater system performance and unified
reporting could improve the performance of WWTP systems by addressing the weakest
and critical components of the facility. In addition, a uniform registration of failure data has
several more advantages. It also enables the cooperation of different authorities and makes
the data exchange more accessible. A comparison between the performance of different
facilities using the same systems can also be made, and any disturbances and the ways
of their management can be easily identified. A failure data can then help to prevent the
same failure in other facilities. Lastly, a uniform reporting system allows for the failure
characteristics to be analyzed as soon as the data is available by operators and experts from
other facilities, reducing the severity of the failure and allowing for faster response and
management [24]. As an example, the most common cause of WWTP failure is reported
as “device or structural failure”. However, such a cause includes a vast scope of possible
subcategories, which are often not explained or unknown. Device or structural failure
could include the failure of a pump, fan, or a loss of integrity of the pipe or the tank [25].
In another example, the collapse of the wastewater reservoir was classified as a structural
failure, but the underlying cause, e.g., the aging of the materials or corrosion, was not
reported, which is an essential issue for future safety management [26]. A crucial part of a
risk assessment of any technology and operation is to perform a detailed analysis of the
historical events associated with the specific operation and technology. Information on
its weaknesses and previous failures in other places are extremely important. However,
unfortunately, in most cases, such information is not available. An underestimated matter
is that the wastewater itself is an effective degrader of some of the construction materials
used due to the contents of chlorides, sulfates, and other substances [27]. Thus, during any
reconstruction of a component of WWTP, special attention should be paid to the choice of
the materials and the latest scientific knowledge about their resistance to certain chemicals.
This can not only help to prolong the life of a WWTP, but also to prevent unexpected
failures [28].

The most significant threat to the ecosystem and public health occurs in the closest
proximity to the point of the accident [25]. Thus, the quality of water in the mixing
zone below the discharge point on the Vistula river was controlled daily by the Regional
Inspectorate for Environmental Protection. The results collected along the Vistula River
showed exceed the parameters of DO and COD [4]. However, the accident’s impact on
the river’s estuary and Gulf of Gdańsk was not researched in the past. The knowledge
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about the impact of such discharge can be used to assess possible risks associated with the
accident to the environment and predict the possible consequences of similar accidents in
the future [26]. The presented results showcase that the aquatic ecosystem in the Vistula
river estuary and the nearshore of the Gulf of Gdansk is exposed to an excessive amount
of discharged organic matter and nutrients after the emergency discharge of wastewater
situated over 400 km upstream. In a similar study, the impact of raw wastewater discharge
was assisted in the Danube river after a WWTP malfunction in Novi Sad, Serbia. The
study results show severe water contamination approximately 7 km downstream from
the accident point. However, the impact of the discharge on the water quality further
downstream or at the river estuary was not researched. [29]. A study by Trávníček et al., in
2022, examined and compared recent WWTP failures and incidents worldwide. The study
showed that the highest number of accidents affected the entire WWTP facility and were not
isolated to a specific component. The most common manifestation of WWTP failure was the
environmental damage that included the pollution of surface waters, groundwaters, soil,
and even air when the biogas was released into the atmosphere during the accident [11].

Recent studies focused on the modeling predictions of wastewater fate, and their
impacts showcased that the most significant threat to aquatic ecosystems is the discharge
of inorganic nutrients, including nitrates, and phosphates. The second-largest threat to the
aquatic ecosystems after wastewater discharge is reducing the dissolved oxygen content
caused by the oxygen intake by organic matter. All of the changes mentioned above were
identified as hazardous due to their accelerating effects on the eutrophication process,
causing a further imbalance to the entire ecosystem [30]. However, in most cases, the long-
distance sampling is not performed and the changes in those parameters on a distant stretch
of rivers remain unknown. In the presented study, the content of nitrates and phosphorous
was increased to over 400 km from the accident site, and the content of dissolved O2
was consequently decreased. The efficient removal of phosphorous and nitrogen from
the municipal wastewater is of primary worldwide concern due to its impact on the
eutrophication of water bodies that cause toxic algal blooms and hypoxia of the marine
ecosystems, but also because of the risk to human health since the excessive concentrations
of nitrates in the drinking water were linked to methemoglobinemia, thyroid diseases,
diabetes, and gastric cancer [31,32]. This is an emerging concern since, in the past decades,
the volume of produced wastewater and the need for more energy and food, as well as the
application of fertilizers, have led to an increase in N and P in several waterbodies of great
importance [33]. Nitrate has been a dominant form of increased N load since the 1970s and
is usually removed by wastewater treatment facilities. In the present study, we noticed
a spike in the nitrate content in the Vistula estuary after the failure of WWTP situated
over 400 km upstream. However, that spike lasted only 2–3 days, after which the levels
returned to normal, unlike the situation located even further from the accident site—along
the eastern shore of the Gulf of Gdansk located east from the Vistula entry, where the levels
of N-NO3 remained elevated for much longer before they started to decrease again. In
contrast, on the western shore, the level of N-NO3 continued to climb for over 2.5 weeks
without a sign of decreasing, indicating the presence of seawater being already mixed
with wastewater. It is worth mentioning that excessive content of all forms of nitrogen has
been shown to cause oxygen deficiency in water bodies, leading to deteriorating effects for
aquatic organisms and increasing rates of eutrophication [9]. Moreover, the eutrophication
problem of the southern Baltic Sea is primarily caused by anthropogenic activities that
include the resale of untreated wastewater containing excessive amounts of nitrates, as well
as from agricultural runoff into the sea [34,35]. Similarly, the P content is a crucial factor
in eutrophication. In our study, its content was elevated by the release of raw wastewater
in the Vistula River with the highest and most long-lasting effects situated on the western
shore from the Vistula river mouth.

The increase in COD in the Vistula river after the WWTP was substantial, and de-
creased the quality of water at its peak by two classes, suggesting a sudden and large
influx of organic pollutants despite the distance of the transport of the contaminated waters
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from the drop-point being over 400 km [36]. The influx of organic pollutants and excessive
amounts of N and P caused a major drop in the DO content. Similar to the previous
results, the situation on the Vistula river returned to its level before the accident rather
quickly, whereas, on the western side of the Gulf of Gdansk seawater shore, it continued to
deteriorate for over 2.5 weeks. However, even the short period of reduced O2 content can
significantly affect the population of marine ecosystems, since the content of O2 is one of
the most important abiotic factors in predicting the survival of fish in a given ecosystem,
as well as being one of the most commonly used parameters for the assessment of water
ecosystem health [37,38]. The collected experimental evidences indicate that especially
organic pollutions after discharge to the seawater tend to surface and persist in the ma-
rine coastal environment for much longer. That points to the importance of the mixing
conditions of wastewater with seawater, and the possible dispersion and mixing in the
surrounding marine compartments.

The fate of pollution discharged into coastal seawater depends on the temporal and
spatial wind fields that generate surface currents and wind waves. Both of them impact
transport and mixing conditions at the surface, as well as within the whole water column.
The inspection of the surface currents, obtained from the hydrodynamic model, revealed
that during first two days (2 and 3 September) more easterly currents dominated, and were
then replaced by more westerly directed transport along and towards the shore (from 4
to 12 September). Next, from 13 to 18 September, easterly currents again prevailed [39].
In addition, the suspended and dissolved organic compounds are scavenged by rising
bubbles, especially in seawaters [40]. That process contributes to the formation of enriched
microlayer [41,42]. Thus, the bubble mediated scavenge of organic compounds and its
accumulation at the sea surface microlayer might be the reason why TOC data showed
a more pronounced tendency to increase and slightly higher records along the western
side of shore, compared with the values measured along the eastern side from the river
mouth (Figures 4c and 5c). Moreover, the presence of the surface microlayer suppresses the
air-to-water-oxygen transfer, which resulted in enhanced oxygen depletion that also lasted
longer at the western side (Figures 4e and 5e).

5. Conclusions

The present study provides insights into the consequences of a major WWTP accident
and sudden wastewater release into the river estuary’s ecosystem and the Baltic Sea’s
shore. The presented results confirm that even over 400 km from the site of the accident, the
receiving waterbody was highly affected and impaired by the release of raw wastewater and
the discharged contaminants. Although the effects observed on the estuary of the Vistula
River were resolved after a few days, the impacts resulted from the mixing of wastewater
with the Baltic Sea, especially on the western side from the river’s entry into the Gulf of
Gdansk, lasted much longer and showed no signs of improvement even 2.5 weeks after the
wastewater release. This lead to the conclusion that in a case of a WWTP emergency, it is
not only the ecosystem with the closest proximity that is highly affected. In such cases, the
extent of the water testing should include the final recipient of a polluted waterbody. For
example, the most affected point in our study was situated on the Baltic seashore, approx.
423.5 km from the site of the accident, 2.5 weeks after the accident. The study showed
a 65.7% increase in the water P content, 56.3% increase in the content of N-NO3, 61.2%
increase in water conductivity, and a drop in the content of dissolved oxygen by 37.1%.
It was found that despite the distance of over 400 km from the place of the accident, the
physical and chemical parameters of the river surface waters were significantly changed.
However, more expanded impacts were established for the marine environments, where
the dynamics of wastewater–seawater mixing and seawater circulation patterns impacted
both the temporal and spatial changes.
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