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- Eutrophication of water bodies, resulting from excessive 
nutrient inflow, is a key ecological problem. It leads to 
excessive growth of algal and cyanobacterial biomass, 
causing a decline in oxygen levels, fish kills, water quality 
degradation, and reduced biodiversity1, 2). This issue is 
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particularly pronounced in shallow retention reservoirs, 

a short HRT of 13–24 h. The variable inflow from the 
Pichna River further destabilizes its hydrological and 
chemical conditions, introducing fluctuating nutrient 
and suspended solid concentrations. Scientific literature 
indicates that eutrophication not only diminishes the 
recreational and functional value of water bodies but 
also disrupts food chains. This is supported by studies 
on selected European lakes, where a 30–50% reduction 
in oxygen levels in bottom layers was a major cause of 
ecosystem issues in degraded lakes3, 4).

In response to these challenges, microbiological bioreme-
diation is gaining importance as an ecological alternative 
to traditional chemical (e.g. coagulant use) and mechani-
cal (sediment removal) methods. This approach relies on 
microorganisms, including allochthonous bioprepara-
tions with selected bacterial strains (e.g. Bacillus subtilis, 
Pseudomonas fluorescens) introduced into the environment 
to accelerate the decomposition of organic matter, reduce 
nutrients, and improve the physicochemical parameters of 
water. A review of literature from recent decades highlights 
the increasing effectiveness of this method across various 
water bodies. For instance, studies conducted on 33 Polish 
lakes and ponds between 2014 and 2023 showed that the 
application of effective microorganisms (EM) bioprepara-
tions led to a twofold reduction in soft organic sediment 
fractions (SOF), improved water transparency by over 40%, 
and increased oxygen levels by more than 30% in bottom 
layers4–6). Similar effects were observed in Lake Turawa, 
where EM application reduced coliform bacteria by 48–90% 
and enhanced dehydrogenase enzyme activity, supporting 
the regeneration of the littoral zone and the development of 
macrophytes. Integrating bioremediation with other meth-
ods, such as biomanipulation and macrophyte management, 
also yields promising results.

Biomanipulation and macrophyte management also yield 
promising results. In subtropical Chinese lakes, combining 
biomanipulation with the transplantation of submerged 
plants (e.g. Elodea nuttallii) significantly reduced total 
phosphorus (TP) concentrations and algal biomass, con-
sistent with numerous studies showing that this approach 
improves water quality. Observed reductions in TP to below 
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tiveness of this method in mitigating eutrophication8, 9). In 

bioremediation must account for rapid water exchange, 
which may limit the longevity of effects but supports local 
decomposition of soft organic sediment fractions (SOF) 
and improves oxygen levels in bottom layers. This article 
presents the results of microbiological bioremediation of the 

biopreparations. The analysis covers SOF changes in bot-
tom sediments, water transparency, and oxygen content in 
surface and bottom layers, based on measurements from 
the period of the 2024–2025 growing seasons.. The aim 
is to evaluate the method’s effectiveness under dynamic 
inflow conditions from the Pichna River and to assess its 
impact on water quality improvement, considering potential 
limitations due to the reservoir’s hydrology.

Experimental 

Materials 
For qualitative studies, samples of water and SOF of 

bottom sediment fractions  were collected from selected 
water bodies during 2 independent field campaigns. The 
samples underwent laboratory analysis to determine their 
physicochemical and microbiological parameters.

Equipment  
Measurements were conducted using advanced labora-

tory and field equipment. Chemical oxygen demand (COD) 
and biochemical oxygen demand (BOD

5
) were determined 

Parameter Value

Location

Reservoir type

Year of construction

Surface area

Maximum depth 2 m

Average depth (approximated, based on the range of 1.2–2 m)

Capacity

Shoreline length

Catchment area Pichna River

Hydrological functions

Ecological status moderate, undergoing bioremediation (2024–2025)

bioremediacja mikro-

Surroundings Paprocki Forest, walking and cycling paths, recreational areas -
rowe, tereny rekreacyjne

Bottom topography
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using a UV-Vis spectrophotometer and the Sensomat 
analytical system (Lovibond). Nutrient concentrations 
were measured via UV-Vis spectrophotometry, employ-

assessed using a Secchi disk, while the thickness of bottom 
sediment layers was evaluated by combining underwa-
ter camera observations with geodetic measurements. 
Physicochemical parameters, such as pH, temperature, 
and dissolved oxygen (DO) concentration, were recorded 
using a Hach Lange HQ 2100 multimeter equipped with 
dedicated probes.

Methods 
The study on the effectiveness of microbiological biore-

monitoring of water quality at designated sampling and 
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field measurement sites. In August 2024, field measure-
ments were conducted to determine the thickness of bottom 
sediments, water transparency, and dissolved oxygen con-
centrations in surface and bottom layers. Additionally, to 
thoroughly assess the condition of the reservoir, laboratory 
chemical and microbiological analyses of collected water 
and sediment samples were performed.

Total phosphorus (TP) and total nitrogen (TN) con-
centrations were measured using a Spectroquant® NOVA 
spectrophotometer with Merck Millipore reagents, tailored 
to appropriate concentration ranges. COD was determined 
spectrophotometrically using a Spectroquant NOVA 60 A, 
following the manufacturer’s procedure for Merck Millipore 

by the OxiTop method.
Field measurements were carried out using a Hach 

Lange HQ 2100 multimeter with probes for surface water 
analysis, calibrated before each use. Dissolved oxygen 
concentrations were measured in surface and bottom lay-
ers, and the thickness of the soft organic fraction (SOF) of 
sediments was evaluated as an indicator of organic matter 
content and biogeochemical processes in the reservoir. 
Field studies were conducted at 10 designated measure-
ment points. A portable spectrofluorometer, AlgaeTorch 
(model AlgaeTorch 100, bbe Moldaenke GmbH), was used 
to measure chlorophyll-a and phycocyanin concentra-
tions through a series of immersion measurements in the 
reservoir water at various locations (depth 0.1–0.5 m, n = 
3–5 replicates per point). Collected data were subjected to 
statistical analysis using R software (R Core Team, 2023) 
and Microsoft Excel.

Results and discussion

physicochemical and biological parameters following the 
application of microbiological bioremediation with alloch-
thonous biopreparations in 2024. Analysis of data before 
and after the first application season (2025) indicated 
a reduction in eutrophication indicators, confirming the 
effectiveness of the method in a shallow water body with 
a short HRT of 13–24 h.

-
ganisms in the biopreparations. Literature reports similar 
effects, with turbidity reductions of 40–60% observed in 
Polish lakes following the application of allochthonous 
biopreparations4, 5). The 44.4% increase in water transpar-
ency improved light conditions for macrophytes, limiting 
phytoplankton growth. The reduction in organic suspended 
solids enhanced light penetration, supporting ecosystem 
regeneration6, 8).

Regarding nutrients, total phosphorus (TP) remained 

phosphorus, likely due to inflow from the Pichna River. 
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and nitrogen assimilation by bacteria. COD dropped from 

with studies on Lake Turawa and Pasternik  and indicated 
an accelerated decomposition of organic matter.

Dissolved oxygen concentration in the bottom layer 

increase). The reduction of SOF in sediments decreased 
oxygen consumption. The thickness of the SOF of bottom 
sediments decreased from 48.1 cm to 31.0 cm (a 36% reduc-
tion), confirming the effectiveness of bacteria in sediment 
mineralization4, 6).

Biological parameters improved significantly: chloro-

The suppression of algal blooms resulted from microbial 

reduction in algal biomass) were observed in Chinese lakes 
with biomanipulation8, 9).

The short HRT (13–24 h) might partially attribute chang-
es to hydrological fluctuations from the Pichna River. The 
stable TP level suggests the need for integration with other 
methods, such as nutrient inflow control or macrophyte 
transplantation8). The results are promising, though less 
pronounced than in water bodies with longer HRT, where 

2, 3, 10, 11). Lower statistical 

stabilization of conditions.

Summary

-

quality. Turbidity decreased from 29.18 NTU to 6.44 NTU 

supported macrophytes and limited phytoplankton growth. 

Pichna River inflow. The short HRT (13–24 h) might par-
tially explain the changes.
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Conclusion 

The results confirm the effectiveness of bioremediation 
in dynamic urban water bodies. A continued monitoring, 
nutrient inflow control, and biomanipulation are recom-
mended for sustained effects.

Research project partly supported by program 

University of Krakow.
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