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ABSTRACT

Aim of the study
Assessment of the revitalization process and achievement of the treatment effects intended in the process

Material and methods

The author carried out selected tests and performed a process evaluation along with other results from re-
search laboratories. The research concerned measurements of bottom sediment thickness, water transparency
and selected physicochemical analyzes of quality parameters of water from the reservoir during the revital-
ization process.

Results and conclusions

The obtained results are very satisfactory, as a high level of reduction of bottom sediments was achieved, at
some measuring points by over 1 m. There was an improvement in water transparency; physical and chemical
parameters did not show deterioration of water quality during the intensive biodegradation process of the
organic fraction deposited in bottom sediments. Based on the results presented in the article, it can be stated
that the microbiological revitalization processes carried out are very effective methods of purifying surface
water pollution.

Keywords: water pollution, eutrophication process, lake bioremediation, microbiological biopreparation, wa-

ter degradation, water remediation

INTRODUCTION

In the last decade, an intensive development of envi-
ronmental biotechnology focused on the preparation
of selected strains of effective microorganisms for ef-
ficient biodegradation of various organic pollutants is
observed (Kaszycki et al., 2001). Even though many
companies still offer universal biopreparations with
a wide spectrum of action and numerous applications,
many manufacturers produce mixtures dedicated and
adapted to local conditions in polluted waters (Sitarek

“e-mail: mazurrob@gmail.com

et al., 2017). Such an approach is much more effective
in the process of treating certain types of nonspecific
organic pollutants in surface water (Kaszycki et al.,
2001). The method of microbiological bioremediation
of water bodies belongs to relatively new methods of
removing pollutants from surface waters. Based on ex-
perts’ reports one can indicate numerous water bodies,
where the above-mentioned method was applied as the
main one, or as a supplementary one in the water treat-
ment process (Zakaria et al., 2010; Sitarek et al., 2017,
Donajewska et al., 2019).
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Bioremediation treatments in the dam reservoir
on the Jeziorka River were carried out twice in sub-
sequent vegetation periods (see: Fig. 3). One of the
main objectives of the revitalization process of the
reservoir in Gluchow was to achieve an appropriate
water status and maintain the effect’s durability in
the coming years. However, none of the lake revi-
talization methods can guarantee the effect’s dura-
bility if the sources of pollution are not eliminated
(Diplock, et al., 2009). The reservoir is characterized
by a significant share of emerged macrophytes in the
littoral zone, so no additional planting of ecotones
was required for increased nutrients uptake. Many
authors described positive influence of natural and
artificial ecotones on the self-purification processes
in degraded waters and the minimization of pressure
from organic pollutants and nutrients (Pieczytiska,
1990; Decamps et al., 1990; Faafeng and Roseth,
1993; Chengqing and Zhiwen, 1995; Wang et al.,
2002; Wang and Yin., 2008). These types of natural
conditions are particularly important during the peri-
od of intensive biodegradation of organic pollutants
by microorganisms and the release of nutrients into
water (Verhoeven et al., 2006; Gaglio et al., 2019).
The effects of the process of microbiological revital-
ization are very scarcely described in scientific lit-
erature, despite the fact they have been applied for
many years.

The main purpose of the research was to assess the
effectiveness of microbiological preparations in the
bioremediation of the Gtuchoéw reservoir waters. The
basis for this assessment were changes in basic phys-
icochemical parameters (BOD,, COD, TSS, selected
nutrients concentration) of water in the reservoir and
the thickness of the bottom sediment layer before and
after application of the microbiological preparations.

Many experts emphasize that this method can, in
the future, replace or significantly limit the application
of expensive technologies of the purification of water
bodies, i.e., dredging, silting, chemical elimination of
nutrients, etc. The carried-out research was based on
physicochemical parameters, nevertheless, the moni-
toring allows the assessment of the performed work.

MATERIALS AND METHODS

The characteristics of the object

In the article, the author assessed the efficiency of this
method, referring to the object, which was a reservoir
in Gluchow (the commune of Grdjec). This artificial
retention reservoir is a small and shallow lake. It is
fed by the Jeziorka River and for several years showed
degradation of water quality as a result of the intensive
eutrophication process (see: Fig. 1). In 2017-2018, the
local authorities took steps to improve water quality
and reduce the bottom sediment. The expert assess-

Fig. 1. 3D terrain model (projection) of the area in the vicinity of the dam reservoir in Gluchéw (photo: R. Mazur).
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ment indicated the choice of microbiological bioreme-
diation method using liquid biopreparations.

The lake is located near an industrial wastewater
treatment plant (treating sewage from a local winery)
and in the immediate vicinity of an allotment garden.
The reservoir is characterized by a very slow flow of
water, which is why the water is stagnant (see: Ta-
ble 1). Despite the discharge of treated sewage be-
low the reservoir outflow, the migration of pollutants
in the ground cannot be excluded (Chmielowski and
Slizowski, 2008; Mazur et al., 2016; Kaczor et al.,
2017) (see: Fig. 2.).

Table 1. Morphometric characteristics of the reservoir

Name  Surface

Volume  Depth[m] ~ Lake
No. of water area (] (ave, — max) <
reservoir  [ha] g typ
Gluchéw .‘
! Reservoir 2.93 0.048 1.5-3 polymictic

Local authorities have made the reservoir available
for fishery purposes, so it was stocked according to
the preferences of fishermen. The environmental su-
pervision inspector didn’t have information regarding
the stocking density and the number of fish introduced
into the reservoir. For several years the reservoir wa-

shallow zone P P3

Jeziorka River

ters have undergone eutrophication due to their small
size (especially lake depth) (Liggza and Smal, 2005;
Smal et al., 2013). The dominant species of helophytes
in the coastal zone of the reservoir include common
reed (Phragmites Australis), common bulrush (Typha
latifolia), lesser bulrush (Typha angustifolia, L.), sweet
flag (Acorus calamus), that is species with special abil-
ities to bioaccumulate nutrients from the water and
bottom sediments (Hammer and Bastian, 1989; Surren-
cy, 1993; Greenway, 1997; Gopal, 1999; Stottmeister
et al., 2003).

On the 3D model of the area around the reservoir,
the area exposed to the influence of pollution from sur-
face runoft into the Jeziorka catchment in front of the
reservoir is presented (see: Fig. 1). Garden plots in the
front of the reservoir are a nonpoint source pollution
of rivers water (Baptista and Santos, 2017). The run-
off of nutrients from these areas and crop protection
products (such as pesticides) affect Jeziorka’s waters
(see: Fig. 1 and 2). The high-protein baits attracting
fish were also a cause of organic pollution (in this shal-
low reservoir). In the scientific literature, there are re-
ports on similar conditions, that cause the degradation
of waters in the river catchments and require prompt
actions to fight adverse effects of pollution from these
sources (Arlinghaus and Niesar, 2005; Pawar, 2009;
Friend, 2013).

Fig. 2. Dam reservoir in Gluchéw with measuring points and the area in the immediate vicinity (Source: Google maps — 3D

satellite maps of Grojec area)
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THE COMPOSITION AND APPLICATION OF THE
BIOPREPARATION

Based on the physicochemical analysis of water, mix-
tures of starting biopreparations were selected and
a dedicated microbiological mixture was made for the
treatment purposes. The liquid biopreparations appli-
cation process was carried out by the ACS Poland team,
which has a biotechnology base for the adaptation of
directional preparations. Liquid preparations have la-
tent forms of a consortium of microorganisms, met-
abolic processes of which are activated very quickly
and the start-up process is very short. The biomixtures
were introduced in zones at various depths: in the sur-
face layer, in the benthos zone, and into the sediment.
Microorganisms during the period of adaptation to the
new environment are particularly sensitive to UV ra-
diation (Dejung et al., 2007), therefore the application
took place during a period of low sunlight.

Three kinds of biopreparations used in the biore-
mediation of water bodies were applied: ACSI,
ACS2, and ACS3. All the forms of biomixture contain
main strains of lactic bacteria Lactobacillus planta-
rum, Lactobacillus rhamnosus, Lactobacillus casei,
and Saccharomyces cerevisiae yeasts. Additionally,
the ACS3 contains more strains of microorganisms
applied in the food industry, of variable composition
and stability. The medium for microorganisms is a di-
lution of molasses of sugar cane and a composition
of micro- and macroelements (in the mineral form).
Based on enviro,nmental samples, water with pollut-

ants is added to biomixtures to adapt the microorgan-
isms to specific pollutants (Charts of ACS character-
istics). The process of technological adaptation and
making the final form of biopreparation is know-how
by ACS Poland.

The application was carried out once in June 2017
and repeated in June 2018 (see: Fig. 3). In 2017, the
total of 4 m® of the dilutions of biopreparations was
added into the reservoir and distributed on a depth
of 50 cm or multiplied (in deeper zones). Separately
the mixtures were introduced to the silt with pressure
lances with mild flow rate (in order not to move soft
fractions). The dosing was repeated in the following
vegetation season; the same volume of mixtures and
the same system of distribution in water and near the
bottom were applied.

ANALYTICAL METHODS

The measurement of the thickness of the soft, upper
fraction of bottom sediments (with a significant share
of organic matter) was made using the author’s own
method using an endoscopic camera. The image from
the bottom examination is displayed on the computer
monitor in online mode. In the examined reservoir, the
measurement was made in the coastal zone of the lake
and in its euphotic zone (up to the depth of 2.8 m).
The sediment thickness was measured at 4 points
P1 — P4 (see: Fig. 2). The measurements were carried
out once in June 2017 (at 4 points), and thrice in one-
week intervals (at 4 points) in July 2018 and July 2019.

Fig. 3. The application of microbiological biopreparations mixtures into the water of the Gluchéw Reservoir (phot. M. Sitarek)

84

www.acta.urk.edu.pl/pl



Mazur R. (2020). The application of microbiological biopreparations in the process of water remediation of the dam reservoir in
Gtuchdw. Acta Sci. Pol., Formatio Circumiectus, 19 (1), 81-95. DOI: http://dx.doi.org/10.15576/ASP.FC/2020.19.1.81

The measuring points were located along the wa-
ter flow way through the reservoir, in the pelagic and
profundal zone (water samples were taken at a depth
of 0.5 m, and the thickness of the bottom sediment
was measured) (see: Fig. 3). Water quality testing in
this zone is most representative for the dam reservoir
water.

The measurements were carried out once in June
2017 (at 4 points and 5 repetitions), thrice in one-week
intervals (at 4 points and 5 repetitions) in July 2018
and in July 2019.

All tested parameters were analyzed according to
the standards specified in Table 2.

The results are presented in the graphs as average
values of tested physical and chemical parameters
(COD, BOD;, TSS, selected form of nutrients con-
centration) with standard deviations (in error bars)
(Fig. 4-10).

Statistical analysis of obtained results

One-way variance analysis was applied to check the
statistical significance of differences between the re-
sults in subsequent years for the studied parameters.
Analysis of correlation matrices between the studied
parameters was also carried out. The analyses were
carried out in the Statistica 13 and R (with R-Studio
module) programs.

RESULTS AND DISCUSSION

The results of changes in the thickness of the bottom
sediments (organic fraction) (see: Fig. 4) indicate sig-
nificant progress in mineralization and reduction of
the bottom sediment layer. At all measuring points,
a decrease by more than a half to the initial state was
demonstrated. At P2 and P3, it was a reduction of 1 m
of bottom sediments during two vegetation periods (as
a result of metabolic activity of microorganisms from
applied biopreparations). The thickest layer of soft or-
ganic fractions of bottom sediments was in the cen-
tral area of the water body, at points P2 = 180 cm and
P3 =150 cm (see: Fig. 4). In this part of the reservoir,
the water flow is the slowest due to morphometric
and hydraulic conditions of the bowl, and water here
is almost stagnant, thus the process of the sedimenta-
tion of suspended fractions is the most intensive (see:
Fig. 3) (Schulz et al., 2003). At points P1 = 50 cm and
P4 =70 cm, also the fraction of soft bottom sediments
was noticed, but both points are located in the arecas
where the cross section of the bowl is narrower, thus
the speed flow is significantly greater than in the cen-
tral area, and some fractions are still suspended and
taken by the water flow (see: Fig. 3). The studies of
the thickness of the sediment in the subsequent sea-
son of 2018, after the first application in 2017, showed

Table 2. Physicochemical analyzes of selected water quality parameters — list of methods used.

The limit of Uncertainty expressed

Indication Unit Research Method quantification as precision
Basicity mmol - dm™ PN-EN-ISO 9963-1: 2003
Permanganate index mgO, - dm™ PN-EN-ISO 8467: 2001 +0.6 1.2%
COD-Cr mgO, - dm ISO 15705
Ammonium Nitrogen mgNH, - dm™ ISO 7150 +0.08 1.7%
Nitrite Nitrogen mgNO, - dm™ EN 26777 +0.02 1.5%
Nitrate Nitrogen mgNO, - dm™ ISO 7890-1 +0.5 1.5%
Total nitrogen mgN - dm™ EI\;_SI(S)O7§913_015/1 +0.5 1.3%
Total phosphorus mgP-dm EN-ISO 6878 +0.5 1.2%
Total suspedned solids mg-dm™ PN-EN 82: 2005 2%
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their reduction at all the measurement points. At cen-
tral points — P2 and P3, was reduced to 130 cm and
120 cm, respectively, while in P1 and P2 (localized
closest to the inflow from the lake) (Fig. 4), the re-
duction was by 18 cm and 15 cm, respectively. One
can suggest that the flow speed, can also be significant
for effective inoculation of the sediments by the appli-
cation of microorganisms, which influences the effi-
ciency of mineralization of these fractions in various
parts of the lake. With higher speeds in the first stage,
smaller number of microorganisms is able to dominate
the structure of sediments (they are washed out and
taken further) in the region of the largest cross-section,
stagnant character of water stimulates effective inoc-
ulation of sediments (Battin and Sengschmitt, 1999;
Fischer et al., 2003; Higashino and Stefan, 2005). In
2018, biopreparations were applied in the reservoir,
and the 2019 results of the measurements of organ-
ic fractions and bottom sediments confirm the trend
of the earlier season. At central points, the obtained
values were: P =88 cm and P3 = 54 cm, i.e. a reduc-
tion by about 1 m of sediments, as a result of intensive
mineralization processes, referring to the base mea-
surements of 2017. At points P1 and P4, a reduction
by 20 and 18 cm, respectively, was obtained, i.e. from
30 cm to 50cm compared to the base measurements.
The increase in water transparency is directly pro-
portional to the reduction of the level of suspended

200
180
160
140
120
100
80
60
40
20

The thickness of the sediment layer, mm

solids in water and can indicate a reduction in the in-
tensity of the eutrophication process (see: Fig. 5 and 7)
(Portielje and Van der Molen, 1999). Water transparen-
cy, measured in 2017 before the application, indicated
the intensifying eutrophication processes and the algae
bloom, limiting the penetration of light to a depth of
about 30 c¢m at all the measurement points P1 — P4.
In the subsequent season, the measurements with the
Secchi disc showed the improvement of transparency
to 72—75 cm, i.e. more than double in the season when
the algae bloom is most intensive. It is a significant im-
provement of light permeability. It is also the result of
metabolic activities of pelagic microorganisms. Latest
measurements of 2019 showed further improvement
by about 20 cm compared to the previous season, thus
at all the points, the transparency reached about 90 cm,
which is three times the base measurement of 2017.
In many zones of the lake, where the depth doesn’t
exceed 90 cm, the bottom was visible.

The level of easily and hardly biodegradable or-
ganic compounds in the reservoir waters (see: Fig. 6)
did exceed the limit values for surface waters at many
sampling points and remained at a very similar level
(Journal of Laws Dz. U. 2016 pos. 1187). The activ-
ity of microorganisms mainly focused on the organic
fractions of bottom sediments.

An increase in the concentration of ammonia and
nitrite ions (see: Fig. 8) indicates the process of nitri-

o Thickness of bottom sediments 2017
Thickness of bottom sediments 2018

8 Thickness of bottom sediments 2019

P1

P4

Measurement points

Fig. 4. Changes in the thickness of bottom sediments in 2017-2019 at points P1 — P4, measurements sampled in June
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100 7

Water transparency depth, cm

2017

Fig. 5. Changes in water transparency in the years 2017-2019 (June), measured with a Secchi disk

-3

mg O, - dm

N |

P1 P2

AVG 2017 AVG 2018 AVG2019/AVG 2017 AVG 2018 AVG 2019|AVG 2017 AVG 2018 AVG 2019 AVG 2017 AVG 2018 AVG 2019

1BODS
g COD-Cr

P3 P4

Samples in period 2017-2019
Fig. 6. Changes in BOD, and COD values in June 2017 — 2019 (AVG + SD)

fication and denitrification, due to intense metabolic
changes in bottom sediments. They correspond to sig-
nificant changes in the thickness of bottom sediments.
At each of the measurement points in the second
vegetation season, the growth in total nitrogen was
observed. After the second application, the studies
showed its gradual decrease, correlating with the in-
crease of water transparency (see: Fig. 9, Tab. 3).

www.acta.urk.edu.pl/pl

The concentration of total phosphorus showed an
upward trend after the first vegetation period since the
application of the bio-mixtures (see: Fig. 10), analo-
gous to the increase in mineral nitrogen forms (see:
Figs. 8 and 9, Tab. 3). In the second period, the reduc-
tion of total phosphorus ions concentration in water
was observed at three measuring points, despite inten-
sive changes in sediments (see: Fig. 4).
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35+

Total suspension

-3

mg O, - dm

AVG 2017 AVG 2018 AVG2019/AVG 2017 AVG 2018 AVG 2019/AVG 2017 AVG 2018 AVG 2019/AVG 2017AVG 2018 AVG 2019
P1

P2

P3 P4
Samples in period 2017-2019

Fig. 7. Changes in suspension concentration during the sampling period (June) in 2017 — 2019 (AVG = SD)

1.2

AVG 2017 AVG 2018 AVG 2019

P1

Ammonium Nitrogen

B8 Nitrite Nitrogen

AVG 2017 AVG 2018 AVG 2019

AVG 2017 AVG 2018 AVG 2019|AVG 2017 AVG 2018 AVG 2019
P2 P3 P4
Samples in period 2017-2019

Fig. 8. Changes in the concentration of ammonia and nitrite ions in June (in 2017-2019 (AVG = SD))
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AVG 2017 AVG 2018 AVG 2019|AVG 2017 AVG 2018 AVG 2019|AVG 2017 AVG 2018 AVG 2019|AVG 2017 AVG 2018 AVG 2019
P1 P2 P3 P4

Samples in period 2017-2019

Fig. 9. Changes in the concentration of total nitrogen in June (in 2017-2019) (AVG = SD)
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-3

mg O, - dm
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P1 P2 P3 P4

Samples in period 2017-2019

Fig. 10. Changes in total phosphorus and nitrate concentration in June (in 2017 and 2019) (AVG + SD)
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STATISTICAL ANALYSIS OF EVALUATED
PARAMETERS

The statistical analysis showed statistically significant
differences between the average values of tested water
parameters before biopreparation application in 2017
and the following years 2018 and 2019. The results of
ANOVA tests showed differences in the tested groups
for all monitored parameters (see: Table 4). Post hoc
tests also indicated the significance of differences be-
tween the subsequent years for most tested parameters,
except a few tests such as the ammonia nitrogen and

BOD; for selected years (see: Table 5). The table with
the correlation matrix showed significant relationships
between the examined indicators (directly or inversely
proportional) (see: Table 3). Strong correlation val-
ues were demonstrated between the BOD, and COD
parameters, as well as between the above-mentioned
parameters and water transparency in the first year af-
ter bio-mixture application (inversely proportional). In
the following year, these relationships dropped signifi-
cantly (see: Table 3). For the remaining parameters,
the correlation dependencies were significantly weak-
er or insignificant (see: Table 3).

Table 3. The correlation matrix between the variables (monitored physicochemical parameters)

Correlation (for 2018). The marked correlation coefficients are significant with

Variables p<0.05; N=60
BOD;, COD AMM NN NO N TP TSS W-TRP
BOD; 1 —0.65 —0.49 0.86 0.37 0.05 0.06 —-0.29 0.37
COD —0.65 1 0.12 —0.78 0.5 -0.36 -0.21 0.44 —0.65
AMM -0.49 0.12 1 -0.49 0.27 0.75 0.36 0.05 0.43
NN 0.86 —0.78 -0.49 1 0.48 0.14 0.07 -0.4 0.48
NO 0.37 0.5 0.27 0.48 1 0.8 0.62 —0.26 0.49
™ 0.05 -0.36 0.75 0.14 0.8 1 0.59 -0.21 0.69
TP 0.06 -0.21 0.36 0.07 0.62 0.59 1 —0.11 0.25
TSS —-0.29 0.44 0.05 0.4 -0.26 -0.21 —0.11 1 -0.4
W-TRP 0.37 —0.65 0.43 0.48 0.49 0.69 0.25 —0.4 1
Correlation (for 2019). The marked correlation coefficients are significant with
Variables p <0.05; N=60
BOD;, COD AMM NN NO N TP TSS W-TRP

BOD; 1 0.68 0.61 0.63 —-0.32 —0.17 0.44 —0.08 0.1
COD 0.68 1 0.53 0.6 —-0.24 —0.05 0.33 —0.12 0
AMM 0.61 0.53 1 0.68 0.23 0.12 0.87 -0.21 0.2
NN 0.63 0.6 0.68 1 0.13 0.26 0.44 —0.08 —0.45
NO —0.32 —0.24 0.23 0.13 1 0.58 0.27 —0.35 —0.77
™ —0.17 -0.05 0.12 0.26 0.58 1 -0.05 -0.23 —0.66
TP 0.44 0.33 0.87 0.44 0.27 —0.05 1 -0.21 —0.06
TSS —-0.08 —0.12 -0.21 —0.08 -0.35 -0.23 -0.21 1 0.25
W-TRP 0.1 0 0.2 —0.45 —0.77 —0.66 —0.06 0.25 1
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Table 4. Analysis of variance of selected parameters value in period 2017-2019

ANOVA
Df Sum Sq Mean Sq F value Pr(>F)
Groups 2 1.287 0.6433 11.22 3.08E-05
AMM -
Residuals 137 7.856 0.0573
Groups 2 173.1 86.53 17.29 2.02E-07
BOD, :
Residuals 137 685.6 5
Groups 2 64.7 32.34 10.39 6.28E-05
COD -
Residuals 137 426.3 3.11
NN Groups 2 0.5389 0.26943 26.54 1.81E-10
Residuals 137 1.3908 0.01015
NO Groups 2 0.5911 0.29554 46.59 3.67E-16
Residuals 137 0.8691 0.00634
™ Groups 2 62.47 31.237 187.5 <2e-16
Residuals 137 22.82 0.167
P Groups 2 0.2152 0.1076 42.03 5.84E-15
Residuals 137 0.3508 0.00256
— Groups 2 3274 1637.1 586.8 <2e-16
Residuals 137 382 2.8

AMM — ammonia nitrogen, NN — nitrite nitrogen, NO — nitrate nitrogen

TN — total nitrogen, TP — total phosphorus, TSS — total suspended solids

The dam reservoir in Gluchow, due to its small size,
is particularly susceptible to the eutrophication process.
Susceptibility to eutrophication processes for small
and shallow reservoirs were widely described in the
scientific literature (Camargo et al., 2005; Qin, 2009;
Neverova-Dziopak and Kowalewski, 2013, 2014). The
dam on the Jeziorka river disrupts the transporting pro-
cess of river bed material and promotes the accumu-
lation of pollution in the reservoir (Wei et al., 2009;
Mazur et al., 2016). The shallowing process is a natural
effect, while the accumulation of organic sediment lay-
ers results from the increased production of plant bio-
mass due to the increase in the trophy of the Jeziorka
waters (Briichert et al., 2000; Frankowski at al., 2002).
The flow of water through the reservoir is significantly
slowed down and it has a stagnant character throughout
the entire lake basin. The main problem for the lake
was the accumulation of bottom sediment with high
content of organic matter, layers of which exceeded the
thickness of even 1 meter (see: Fig. 4). During the two
vegetation periods, a volume reduction of more than

www.acta.urk.edu.pl/pl

half was observed at all measuring points (see: Fig. 2
and 4). The terrain conditions are relatively unfavor-
able for the reservoir, as surface runoff brings various
types of pollution that accumulate in the lake (see: Fig.
1). Many authors have described similar dependencies
of water reservoir degradation related to the emission
of pollutants from the area and mixed sources (Ji and
Jeske, 2000; Duan et al., 2008; Kopacz et al., 2009; Ko-
pacz and Twardy, 2012; Rajmund et al., 2018). Due to
the significant amount of accumulated sediments over
the years of the reservoir exploitation, the microbio-
logical bioremediation process had to be repeated for
two vegetation periods. Organic fractions are a source
of food for microorganisms (Holguin et al., 2001), and
by introducing them in high density, effective mineral-
ization of residual organic pollution was obtained. The
results of the water monitoring in 2017 did show slight
excess of organic pollutants (COD and BOD;) in the
lake (see: Fig. 6), while the water transparency was sig-
nificantly limited (see: Fig. 5) as a result of the increase
of suspended solids (organic fractions and planktonic
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Table 5. Tukey post hoc tests — fort ANOVA analysis results

“test HSD Tukeya” — Tukey multiple comparisons of means;
95% family-wise confidence level — for selected parameters

(between years)

diff lwr upr p adj
20172018 0.276  0.129  0.422  0.000
AMM 2017-2019 0.141 -0.005 0.288  0.061
2018-2019 -0.134 -0.238 —0.031 0.007
20172018  3.350 1.981 4719  0.000

BOD; 2017-2019  2.883 1.515 4252 0.000
2018-2019 -0.467 -1.434 0.501  0.490
20172018 -0.997 -2.076  0.083  0.077

COD 2017-2019 0457 -0.622 1.537 0.576
2018-2019 1454  0.691 2217  0.000
2017-2018 0.189  0.127  0.251  0.000

NN  2017-2019 0.152  0.091 0.214  0.000
2018-2019 -0.037 —-0.080 0.007  0.117
20172018 -0.078 —0.127 —-0.029 0.001

NO  2017-2019 -0.179 -0.228 -0.130 0.000
2018-2019 -0.101 -0.136 —0.067  0.000
20172018  0.493 0.244  0.743  0.000

TN  2017-2019 —-0.940 -1.190 -0.690 0.000
2018-2019 -1.433 -1.610 -1.257 0.000
2017-2018  0.031 0.000 0.062 0.051

TP  2017-2019 -0.053 -0.084 -0.022 0.000
2018-2019 -0.084 —-0.106 —0.062 0.000
20172018 -12.750 -13.772 -11.728 0.000

TSS  2017-2019 -14.500 -15.522 -13.478 0.000
2018-2019 -1.750 -2.473 -1.027 0.000

AMM - ammonia nitrogen, NN — nitrite nitrogen,
NO - nitrate nitrogen

TN — total nitrogen, TP — total phosphorus,
TSS — total suspended solids
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algae biomass) in the water (see: Fig. 7) (Journal of
Laws Dz. U. 2016 pos. 1187). These are typical effects
of increased primary production when the supply of
limiting elements (P and N) is exceeded (Qin, 2009;).
It is difficult to indicate the impact of wastewater on the
quality of water in the reservoir, but percolation of sew-
age from wastewater treatment plants cannot be exclud-
ed. There are many reports in the literature about the
impact of sewage on surface water quality (Chmielows-
ki and Bugajski, 2008; Miernik and Walega; 2008;
Bugajski et al., 2016). Nutrients monitored during the
bioremediation process did not show significantly ex-
cessive status (see: Fig. 8—10) (Journal of Laws Dz.U.
2016 pos. 1187). Slight decreases of ammonium com-
pounds or total phosphorus were noted at some points
(see: Fig. 9 and 10) and at other points there were slight
increases (see: Fig. 9 and 10). Many authors described a
significant increase in nutrients during the biodegrada-
tion process of sludge and the process required the use
of additional coagulants binding these elements to com-
pounds that precipitate into inorganic sediments (Gibbs
and Ozkundakcei 2011; Wasik et al., 2017; Gibbs and
Hickey 2018). In the case of the Gluchow reservoir, this
effect did not take place due to the formation of macro-
phyte plants in the lake littoral zone, which functioned
as a natural nutrient filter (accumulating them in their
biomass during growth) (Wang et al., 2002; Wang and
Yin., 2008). After the first season (in 2018), an increase
in water transparency was noted (see: Fig. 5) and this
trend was continued in the following season after re-
peating the application of biomixtures of EM into the
lake. To some extent, macrophytes constituted competi-
tion for nutrients with algae in the euphotic zone of the
water column (Engelhardt and Ritchie, 2001); when the
reservoirs do not have an adequate zone of submerged
vegetation, artificial planting of ecotones must be car-
ried out (Stottmeister et al., 2003). In the area around
the reservoir, a significant reduction of odor nuisance
was noted. After the first season, no putrefactive odors
from anaerobic decomposition of bottom sediments
were noticed.

CONCLUSIONS
1. The microbiological bioremediation process has

brought visible effects of improving the quality of
water in the dam reservoir in Gluchow.
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2. There was a visible reduction of the organic layer
of bottom sediments as a result of microbial bio-
degradation (by strains in applied biomixtures).

3. Inthe euphotic zone, the light transmittance incre-
ased significantly with the improvement of water
transparency.

4. Nutrient and organic pollutant concentrations did
not exceed a level that negatively affects water qu-
ality.

5. The littoral zone of macrophytes constituted a na-
tural filter capturing nutrients during the period of
their increased supply in the process of biodegra-
dation of the organic fraction of bottom sediments.

7. The method of microbiological bioremediation is
a very good alternative for restoring the ecological
balance of water reservoirs (especially small ones)
in comparison with other methods of polluted wa-
ter remediation in lakes.

This paper was prepared within the scope of the re-
search subsidy of the Ministry of Science and 6. High-
er Education for AGH UST, no. 16.16.150.545
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ZASTOSOWANE BIOPREPARATOW MIKROBIOLOGICZNYCH W PROCESIE REWITALIZAC)I ZBIORNI-

KA ZAPOROWEGO W GLUCHOWIE

ABSTRAKT

Cel pracy

Ocena procesu rewitalizacji oraz osiagnigcia zamierzonych w procesie efektow oczyszczania.

Materiat i metody

Autor przeprowadzit wybrane badania oraz wraz z pozostalymi wynikami wykonanymi przez laboratoria
badawcze wykonat oceng procesu. Badania dotyczyty pomiaro6w miazszo$ci osadow dennych, przejrzystosci
wody oraz wybrane analizy fizyko-chemiczne parametréw jakosciowych wody ze zbiornika w trakcie pro-

cesu rewitalizacji.

Wyniki i wnioski

Uzyskane wyniki sa bardzo zadowalajace, gdyz osiagnigto wysoki poziom redukcji osadéw dennych w nie-
ktorych punktach pomiarowych o ponad 1 m. Odnotowano poprawe przejrzystosci wody, parametry fizyko-
-chemiczne nie wykazaty pogorszenia si¢ jako$ci wody trakcie intensywnego procesu biodegradacji frakcji
organiki zalegajacej w osadach dennych. Na postawie przedstawionych w artykule wynikdw mozna stwier-
dzi¢, iz prowadzone procesy rewitalizacji mikrobiologicznej naleza do bardzo efektywnych metod oczysz-

czania zanieczyszczen wod powierzchniowych.

Stowa kluczowe: zanieczyszczenia wod, oczyszczanie wody, bioremediacja jezior eutroficznych, proces eu-

trofizacji, biopreparaty mikrobiologiczne
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