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Ponds and lakes located within urban areas, due to the 
strong pressure exerted by their catchments, are particu-
larly susceptible to the process of eutrophication. Castle 
Lake in Gostynin provides an excellent example of such 
an ecosystem, representing both an important element of 
cultural heritage and an environmental challenge. This 
retention reservoir, created in the 14th century as part of 
the defensive system of the Mazovian dukes, now constitutes 

Despite its historical value and recreational function, the 
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lake suffers from advanced eutrophication, which calls for 
the exploration of innovative and sustainable restoration 
methods, such as microbial bioremediation. Castle Lake is 
also a shallow, polymictic, through-flow reservoir, fed by 
the Skrwa Lewa River. Key morphometric and hydrological 
parameters relevant to understanding the functioning of 
the ecosystem and to planning restoration measures are 
presented in Table.

The environmental status of the lake was a direct con-
sequence of its urban location and polymictic character. 
The primary environmental challenge was the mitiga-
tion of advanced eutrophication. The lake is exposed 
to substantial nitrogen and phosphorus inputs from the 
urban catchment (surface runoff from streets, fertilizers 
from green areas). Over the years, this has resulted in 
intensive cyanobacterial and algal blooms, significant 
oxygen deficits in the bottom layer, and very low water 
transparency. Another issue was the rapidly progressing 
ecological succession. This process, typical of shallow and 
nutrient-rich reservoirs, manifested itself through acceler-
ated sedimentation, accumulation of organic-rich bottom 
deposits, and the expansion of emergent vegetation, gradu-
ally transforming the system into a wetland ecosystem. In 
addition, Castle Lake was subject to hydromorphological 
pressures, which negatively affected the water quality of 
the Skrwa Lewa River downstream1).

Despite the revitalization efforts, which included dredg-
ing and shoreline reconstruction, the problem of nutrient 

Table. Selected morphometric and hydrological characteristics of Castle Lake (Gostynin)

Tabela. Parametry morfometryczne i hydrologiczne Jeziora Zamkowego w Gostyninie
Parameter Value

Water surface area
Maximum depth H
Mean depth H
Volume V 3

Maximum length
Maximum width

Shoreline length L

Shoreline development index

Genetic type anthropogenic/

Mixing type/ polymictic/

Trophic state
eutrophic/hypertrophic/ 

overload and internal nutrient cycling from 
bottom sediments largely remained unresolved. 
Sustainable management should therefore 
focus on methods targeting both external and 
internal sources of pollution. As the main res-
toration approach for Castle Lake in Gostynin, 
microbial bioremediation with the application 
of specialized allochthonous biopreparations 
was selected. This decision was driven by the 
necessity to implement a solution effective in 
controlling nuisance cyanobacterial blooms, 
while at the same time safe for the ecosystem 
and suited to the specific morphometric condi-
tions of the reservoir. The chosen method was 
strongly justified by the characteristics of the 
water body – its shallowness and polymictic 
nature, which favor efficient mixing and dis-
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tribution of the preparations as well as direct action of 
the introduced microorganisms in the sediment zone, the 
primary source of internal nutrient load2). The bacterial 
strains introduced were selected for their ability to com-
pete trophically with phytoplankton, intensively degrade 
organic matter, and adsorb phosphorus, thus targeting the 
root causes of eutrophication rather than merely its symp-
toms. All preparations used in the bioremediation process 
have been scientifically tested for safety for ichthyofauna. 
Additionally, the preparations have undergone safety tests 
for fish eggs and fry and also have dermatological tests.

The main advantages of the adopted strategy include 
its high effectiveness in reducing the internal load of bio-
genic substances, selectivity, and minimal invasiveness with 
respect to other components of the lake’s trophic structure, 
as well as the absence of adverse side effects for aquatic 
organisms and public health. This article presents the 
results of the effectiveness of the applied method in the 
restored Castle Lake in Gostynin, assessed within two years 
following the microbial bioremediation process.

Experimental

Materials
For qualitative analysis, water samples and the soft 

organic fraction of bottom sediments (SOF) were col-
lected from the reservoirs during two separate research 
campaigns. Laboratory analyses of the samples were per-
formed to assess their quality.

Apparatus 
Specialized analytical equipment was used for the meas-

urements. Chemical oxygen demand (COD) and biochemi-

spectrophotometry and the Sensomat system (Lovibond). 

spectrophotometers according to relevant standardized 
methods. Water transparency was measured using a Secchi 
disk. The thickness of the sediment layer was determined 
by combining an underwater camera with a geodetic meas-
uring rod. Key physicochemical parameters such as pH, 
temperature, and dissolved oxygen (DO) concentration 
were measured with a Hach Lange HQ 2100 multimeter 
equipped with appropriate probes.

Methods
The process of microbial remediation of Castle Lake 

began with a preliminary qualitative monitoring of water 
in all reservoirs. Field studies were carried out in May 
2023, during which the thickness of bottom sediments, water 
transparency, and dissolved oxygen concentrations were 
measured both in the surface and near-bottom layers. In 
addition, to further evaluate the condition and quality of 
the reservoirs, laboratory analyses of collected water and 
sediment samples were performed.
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The concentrations of total phosphorus (P
tot.

) and total 
nitrogen (N

tot.
) were determined using a Spectroquant® 

NOVA spectrophotometer with Merck Millipore reagents, 
within the appropriate concentration ranges. Chemical oxy-
gen demand (COD) was also analyzed with a Spectroquant 
NOVA 60 A spectrophotometer, according to the manufac-
turer’s internal analytical procedure for Merck Millipore 
reagents, in the range of 4.0–40.0 mg/L. Biochemical oxygen 

The total number of microorganisms was determined 
according to the relevant standard3), by incubating the 
samples at 36 ± 2°C for 44 ± 4 h and at 22 ± 2°C for 68 
± 4 h. Field measurements were performed using a Hach 
Lange HQ 2100 multimeter equipped with probes for sur-
face water analysis. The instrument was calibrated prior to 
each measurement session. Dissolved oxygen concentration 
was determined in both surface and near-bottom water 
layers. The thickness of the soft organic fraction (SOF) 
in sediments, representing an indicator of organic matter 
content, was measured to assess biogeochemical processes 
and oxygen conditions in the reservoirs. Field studies were 
carried out at 10 selected measurement sites. The research 
results were subjected to statistical analysis, which was 
performed using the R environment (R Core Team, 2023) 
and Microsoft Excel.

Discussion of results
The results clearly confirm that the applied method of 

microbial bioremediation demonstrated high and rapid 
effectiveness in the restoration of the strongly eutrophicated, 
polymictic Castle Lake (Figure). The observed changes 
were of a cascading nature, involving all key components 
of the ecosystem – from bottom sediments, through the phys-
icochemical properties of water, to the overall improvement 
of sanitary conditions.

The undertaken measures resulted in an intensive reduc-
tion of the internal pollution load accumulated in bottom 
sediments. A mean decrease of 41% in the thickness of the 
soft organic fraction (SOF) of sediments was observed 
after the first vegetation season, followed by an additional 
34% reduction in the second year. These results indicate 
a very effective degradation of accumulated organic matter 
by aerobic microorganisms. This process is of key impor-
tance for the long-term improvement of the lake, as bottom 
sediments constitute the main internal source of nutrients 
sustaining eutrophication4, 5). Such a significant reduction 
in SOF thickness without the need for mechanical dredging 
of the reservoir represents one of the main successes of the 
applied technology.

A direct consequence of the reduction of organic matter 
in sediments and the limitation of phytoplankton blooms 
was a drastic improvement in water transparency, measured 
with a Secchi disk. The increase in transparency by 138% in 
the first year and a further 131% in the second represents 
an exceptional result, indicating a significant improvement 
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in water quality and the disappearance of organic suspen-
sions (i.e., phytoplankton). A similarly strong reduction 
was recorded for turbidity (a decrease of 52.7% followed 
by 4%) and for total suspended solids (TSS) concentra-
tions (a decrease of 54% and 7%). Such a pronounced 
improvement in the optical parameters of water is a typical 
and desirable ecosystem response to effective restoration 
measures, which reduce the load of excess organic and 
inorganic substances6). The increase in water transparency 
corresponded with analogous reductions in TSS and slowly-
settling suspensions, including phytoplankton.

The breakthrough effect of bioremediation, consisting in 
the restoration of oxygen balance in the lake, was directly 
related to the interruption of the harmful eutrophication 
cycle. Prior to restoration, the lake was in a state typical of 
water bodies under heavy nutrient load. The key mechanism 
driving its degradation was the sedimentation of organic 
matter (SOF). In a eutrophic ecosystem characterized by 
excessive biomass production, large amounts of phytoplank-
ton and other organic debris die and sink to the lake bottom. 
Sedimentation provides organic carbon for microorganisms 
involved in biological decomposition. When the amount of 
settled matter exceeds the ecosystem’s capacity for aerobic 
decomposition, oxygen is rapidly consumed in the deeper 
water layers (hypolimnion).

Following the microbial bioremediation process in Castle 
Lake, a spectacular transformation of oxygen conditions was 
observed, particularly in the hypolimnion. Before restoration, 
the lake exhibited bottom anoxia, typical of hypertrophic 
reservoirs7). The increase in dissolved oxygen concentra-
tions near the bottom by 3384% in the first season and an 
additional 121% in the second indicated the almost complete 
elimination of anoxic conditions. This was a direct effect of 
SOF reduction, where aerobic decomposition replaced the 
previously dominant anaerobic processes. At the same time, 
a significant increase in dissolved oxygen concentrations 
in the water column (by 113% and 102%) confirmed the 
restoration of oxygen balance throughout the ecosystem. 
The recovery of aerobic conditions near the bottom is of 
key importance for phosphorus immobilization in sediments, 
which limits its internal release and explains the observed 
reduction in total phosphorus (P

tot.
) concentrations8).

With regard to the trophic status of the reservoir, mean 
decreases in total nitrogen (N

tot.
) concentrations of 38% 

and 11%, and in total phosphorus (P
tot.

) concentrations of 
28% and 7%, were recorded in successive seasons. The 
observed reductions are most likely the result of two parallel 
mechanisms: the limitation of internal nutrient release from 
sediments due to the oxidative effect of the biopreparation, 
and the immobilization of elements in the biomass of the 
introduced microorganisms, competing with phytoplankton 
for nutrients9). Similarly, the reduction of organic pollution 

10%) directly confirmed the intensive mineralization and 
assimilation of dissolved and particulate organic matter 
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reduction compared with COD might suggest that the intro-
duced microorganisms preferentially utilized more refrac-
tory fractions of organic carbon.

The improvement in the sanitary status of the lake, con-
firmed by a reduction in the abundance of coliform bacteria 
and Escherichia coli, represents an important, though often 
overlooked, aspect of bioremediation effectiveness. The 
decrease in these indicator organisms, commonly recog-
nized as markers of fecal contamination, was not solely the 
result of reduced external pollutant inflow but primarily the 
effect of the synergistic action of two key biological and 
physicochemical mechanisms initiated by the restoration 
process.

The first mechanism is competition for organic carbon 
resources. The introduction of specialized microbial strains, 
a key element of bioremediation, led to the occupation of 
ecological niches previously filled by native, often patho-
genic, bacterial populations. These newly introduced micro-
organisms are characterized by high metabolic efficiency 
in utilizing organic matter. Their dynamic growth and 
expansion significantly reduced the availability of nutrients 
(including carbon, nitrogen, and phosphorus) necessary 
for the survival and proliferation of coliform bacteria. This 
effect, driven by competitive exclusion, contributed to the 
reduction in their abundance.

The second, equally important mechanism was the 
transformation of environmental conditions. Prior to 
restoration, the lake, due to intensive sedimentation of 
organic matter, was characterized by anoxic conditions 
in the bottom zone. Such an anaerobic environment is 
favorable for many bacterial species, including facultative 
anaerobes such as Escherichia coli. The restoration of 
aerobic conditions throughout the water column and in the 
hypolimnion, as documented by the significant increase 
in oxygen concentrations, created a habitat highly unfa-
vorable for these organisms. An oxygen-rich environment 
promotes the development of aerobic bacteria, which 
continuously compete with and displace indicator bacte-
ria, thus accelerating their elimination from the aquatic 
ecosystem11).

The observed decrease in the abundance of coliforms 
and E. coli provides strong evidence that bioremediation, 
through the induction of biological competition and the 
fundamental shift in physicochemical conditions from 
anaerobic to aerobic, not only improved the chemical qual-
ity of water but also significantly enhanced its sanitary 
safety. This finding is of key importance for assessing the 
overall success of restoration, extending beyond nutrient 
and ecological parameters.

Summary

The two-year microbial bioremediation of Castle Lake 
in Gostynin proved to be an effective and comprehensive 



1148 104/11 (2025)

-

-
Escherichia coli

-

-

E. coli
-

-

Podsumowanie

-

-

-

-
i

-
ii

iii
-

(iv
-

-

-

Reviewed/Zrecenzowano: 
29-09-2025

Published/Opublikowano: 
18-11-2025

Water 12
16

-

.
81

55

Biol. 
39

Lake 
28

16

931
8

method for restoring a strongly eutrophicated ecosystem. 
The observed cascading pattern of improvement – starting 
from the reduction of bottom sediments (SOF), through 
the restoration of oxygen balance, to the improvement of 
water quality parameters and sanitary conditions – clearly 
indicates that the applied method addresses the root causes 
of the problem rather than only its symptoms.

A clear improvement in selected water quality parameters 
was observed: (i) a significant reduction of internal pollu-
tion load through the intensive decomposition of organic 
matter in bottom sediments, (ii) a restoration of aerobic 
conditions throughout the water column, particularly in 
the bottom zone, which interrupted the vicious cycle of 
eutrophication, (iii) a drastic improvement in water trans-
parency and reduction in nutrient concentrations (nitrogen 
and phosphorus) as well as organic pollution indicators 
(COD, BOD5), as well as (iv) an improvement of sanitary 
conditions through the removal of fecal indicator bacte-
ria, as a result of biological competition and the shift from 
anaerobic to aerobic conditions.

The results confirm that bioremediation with specialized 
bacterial consortia is a durable, environmentally safe, and 
highly effective restoration strategy for shallow, polymictic 
water bodies affected by advanced eutrophication.
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