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Abstract: Effective microorganisms (EM) technology was used to find the optimal method of water
restoration in the designated experimental area. The study aimed to evaluate the impact of EM bio-
preparation on selected physicochemical and microbiological properties using ISO methods. A week
after the application of biopreparations, a slight decrease in the nitrates content (0.375-0.531 mg L™1)
and a significant decrease in the content of phosphorus compounds (0.130-0.304 mg L~!) compared
to the control date were observed. Moreover, on the second date, the decrease in most values of
microbiological properties was noted. Two weeks after the application, in most cases, the values
of water quality properties were shaped close to values obtained in the control date (before EM
application). The EM effect was rather short-term, but optimization of application properties may
prolong the effect and thus, include the EM technology among the best eco-friendly technologies
used for freshwater ecosystem restoration.
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1. Introduction

Reservoirs play a large role in water retention. There are about 100 retention reservoirs
in Poland and Turawa is one of the largest. Turawa and other reservoirs were built to
control the water flow, inland navigation, hydro-energy obtaining, and recreation [1,2].
Total storage capacity of Polish reservoirs is 10° m? [3]. Moreover, Turawa reservoir and its
surroundings are of great natural interest. Within its 2125 ha area, two legally protected
sites were established to protect birds and their habitats—“Natura 2000 Turawa Lake
(PLB160004)” and “Stobrawsko-Turawskie Forest” [4].

Causing a problem on a global scale, progressive urbanization, industrial develop-
ment, and intensive agriculture contribute to water quality deterioration in reservoirs [5].
The increase in nutrient pollution (including nitrogen and phosphorus) comes mainly from
agricultural runoff or point pollution of domestic wastewater [6]. This phenomenon may
lead to eutrophication, increased amounts of toxic substances, algae growth, and biodiver-
sity reduction. Furthermore, deterioration of water quality usually causes a decrease in
the recreational attractiveness of the reservoir [7-9]. In Poland, most of the reservoirs have
a bad ecological status of water resources, including Koztowa Goéra, Mietkow, Pilchowice,
Nysa, Rybnik, Sulejow Wioctawek, and Zegrze. One of the most polluted reservoir is the
Turawa reservoir [3,10]. The importance of the pollution by biogens of the Turawa reservoir
has previously been described by other authors [11,12]. The authors found that the Mata
Panew catchment is the main source of pollution of the Turawa reservoir. So far, many
methods for freshwater ecosystem restoration have been used—namely technical, chemical,
and biological [13]. Chemical methods include techniques based on chemical substances
that reduce the excessive biological activity of water. However, there is a risk that such
techniques may be harmful to humans and, through accumulation in water and sediments,
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may cause too much interference in the biological life of lake ecosystems. Moreover, chemi-
cal methods may be ineffective in the long term and generate high costs [14,15]. Technical
methods include, e.g., dredging based on removal of sediments from the bottom. These
sediments (top layer) may contain even approx. 90% of total phosphorus in the whole
lake ecosystem [16]. However, physical restoration of water has many disadvantages,
for instance, high costs and significant effects on the whole lake ecosystem or reduced
diversity of macrofauna [17,18]. One of the biological methods is using effective microor-
ganisms (EM), which was proposed for lake restoration as an eco-friendly and cost-effective
technology. The EM concept was originally developed by Dr. Teruo Higa in Japan. It is
a combination of aerobic and anaerobic species commonly found in all ecosystems. The EM
consortium contains approximately 80 microorganism species, including actinomycetes,
lactic acid bacteria, phototrophic bacteria, yeast, and fermenters fungi. This microorganism
consortium is intended to work synergistically to inhibit the growth of harmful bacteria
through competitive exclusion, which results in the dominance of beneficial species [19].

The study aimed to evaluate the impact of the EM technology on water quality—
selected physicochemical microbiological parameters, including pH, dissolved oxygen con-
tent (DO), electrical conductivity (EC), nitrogen and phosphorus compounds, heterotrophic
bacteria number, coliform bacteria, fecal enterococci, and Salmonella spp.

2. Materials and Methods
2.1. Characteristics of the Study Area

The Turawa reservoir (50°43'25"" N, 18°07'13"" E) is one of the largest water reservoirs
in Poland, located on the Mata Panew river in the south-western part of Poland, about
15 km from the city of Opole. Turawa is a multifunctional reservoir that was built from
1933 to 1939. The average depth in the reservoir is about 4-5 m. The reservoir’s bottom
contains approximately 4 million m? of sapropelic mud and sandy sediments [20]. The
reservoir’s catchment area is about 1423 km?. The forests cover 59% of the whole area.
Agricultural land covers an area of approximately 25%. The catchment area of Turawa
reservoir is covered with sandy, clay, and organic soils, characterized by poor suitability for
agricultural production.

The climate in the area is temperate. According to data from meteorological stations,
the average annual temperature in 2020-2021 ranges from —0.2 to +5 °C in the coldest
months and from +17.8 to +21.1 °C in the hottest months, with an average annual rainfall
of 735.04 mm in 2021, and average monthly rainfall in August (2021) was 87.37 mm.

To determine the impact of the effective microorganisms on the water quality, a research
area was separated using an anti-spill floating dam (FINBOOM) with dimensions of
50 m (length) x 15 m (width) x 2 m (height). Figure 1a shows assembly of the anti-
spill floating dam and Figure 1b shows the designated research area. According to the
information from the manufacturer (Lower Silesian Technology and Innovation Accelerator
Ltd., Dlugoteka, Wroctaw County, Poland), the EM biopreparation contained bacteria
of the genus Lactobacillus, Bifidobacterium, Pediococcus, Lactococcus, Streptococcus (lactic
acid bacteria), Rhodopseudomonas (photosynthetic bacteria), Aspergillus, Mucor (anaerobic
fermenting fungi), and Streptomyces (actinomycetes). Biopreparation was used in the form
of bokashi balls (SD ProBio Original) and applications on and below the water surface
(ProBio Sanit). The preparation of bokashi balls consisted of mixing clay and bottom
sediment with microbiological preparation with the addition of wheat bran. Subsequently,
the balls weighing about 270 g were shaped and stored in a dry and warm place for 7 days.
A total of 2000 bokashi balls were made per application (two balls per m?). The preparation
of EM liquid involved making the stock solution concentration of the preparation by
diluting it with water in a 1:10 ratio. The EM liquid preparation was spread with a sprayer
on the water surface in the amount of 10 L per m? and pumped 0.5 m below the surface in
the amount of 10 L per m?. The application area was 750 m? and the number of EM was in
the range of 1.0-108-1.0-10'° CFUg ! in both biopreparations. The application of the EM
technology was conducted on 8 August 2021.
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(a) (b)

Figure 1. Photo of (a) the anti-spill floating dam assembly and (b) the studied area.

In August 2021, a total of 54 water samples were collected from the reservoir. Sam-
pling was carried out on dry days. Water samples were taken from three selected points
(A, B, C) 10 m apart (Figure 2) of the study area (50°43/28.9"" N, 18°07'01.1" E) in three
replications once a week for three consecutive weeks—-9 August 2021 (I-control date, before
EM application), 16 August 2021 (II-second sampling date), and 24 August 2021 (IlI-third
sampling date). At each point, the samples were taken at a depth of 30 cm below the water
surface using a water sampler (Denios). Water samples for microbiological and physic-
ochemical analyses were collected in sterilized plastic bottles with a capacity of 500 mL.
After sampling, all water samples were immediately placed in a transport refrigerator,
transported to the laboratory, and stored at 4 °C. Microbiological and physicochemical
analyses were performed within 24 h of taking the samples.

(a) (b)

Figure 2. (a) Turawa reservoir map and (b) the experimental area map (https://www.google.com/
maps; accessed date: 10 November 2021).

2.2. Physicochemical Analysis

Water temperature (°C; accuracy: £0.3), pH (resolution: 0.01), dissolved oxygen
content (mg L~1; resolution: 0.1 mg L), and electrical conductivity (uS cm™!; resolution:
0.01 uS cm~!) were measured at the sampling area using a HACH portable meter (HQ40D
Digital Multimeter).

The content of nitrogen (NO3-N and NH-N), phosphorus (total phosphorus, PO,-P)
were determined using the automated method with segmented flux flow in accordance
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with the Skalar methods (SFA, Skalar Analytical B.V., Breda, The Netherlands) and PN-EN
ISO 13395:2001 [21], ISO 15681-2:2018 [22].

2.3. Microbiological Analysis

The number of heterotrophic microorganisms was determined by the serial dilution
method according to ISO 6222:1999 [23]. Ten-fold dilution of samples were performed in
saline buffer (0.85% NaCl) to be analyzed by pour plate method in nutrient agar (Merck).
The dilutions (1 mL) were deep streaked in Petri dishes, and incubated at 36 & 2 °C for
44 £ 4hand 22 £ 2 °C for 68 £ 4 h. The culture was read by macroscopic evaluation. The
heterotrophic bacteria number was expressed in colony-forming units per ml (CFU mL~1).

The coliform bacteria number was determined by the membrane filtration method
described in ISO 9308-1:2014 [24] using two water sample volumes (100 and 10 mL). Mem-
brane filters were incubated on TTC Chapman Agar at 36 &= 2 °C for 24 h. All characteristic
yellow colonies extending on the filter were observed, counted with a magnifying glass as
coliform bacteria, and recorded as CFU per 100 mL.

The fecal enterococci number was determined by the method according to ISO 7899-2:
2002 [25]. Membrane filters were incubated on Slanetz and Bartley agar at 36 + 2 °C for
44 £ 4 h, followed by incubation on bile esculin agar (BEA) at 44 £ 0.5 °C for 2 h. All light
brown to black colonies were classified as fecal enterococci.

To detect Salmonella spp., 1 L of water samples were tested by membrane filtration
and then processed according to ISO 19250: 2010 with using selective broths including
Rappaport—Vassiliadis (RVS), liquid Muller-Kauffmann with tetrathionate and novobiocin
(MKTTn), and Xylose-Lysine-Desoxycholate Agar (XLD) (qualitative analysis) [26].

2.4. Statistical Analysis

The obtained results were processed statistically using Statistica 6.0. In order to
evaluate the physico-chemical parameters in water, a one-way ANOVA variance analysis
was performed. The significance of the differences between the sampling dates was checked
with the Tukey’s HSD (honest significant difference test) level of p = 0.05.

3. Results and Discussion
3.1. Physicochemical Properties

Temperature values ranged from approximately 20 to 24 °C and depended on air
temperature in the studied period (Figure 3).

In the study, values of pH were on a relatively stable level and did not significantly
differ. pH values were in the range of 6.82 to 7.86 (Figure 3). The optimum pH range for
the freshwater ecosystem is at 6.8 to 7.6, and the pH range appropriate for aquatic life
varies from 6.5 to0 9.0 [27]. The obtained results are consistent with Mazurkiewicz et al. [10]
who also showed no effect of EM on pH values in reservoir water (Stoneczko reservoir,
Poland). Furthermore, these authors suggested that pH values on a stable level may
positively impact the adaptation and development of microorganisms introduced from
biopreparations. On the other hand, Szymanski and Patterson [28] showed a slight effect
of the EM biopreparation on pH. Also, other authors documented an increase of pH
values in the studied water after EM technology application [29-31]. This phenomenon
may be caused by the increased growth of cyanobacteria, their photosynthetic activities
causing assimilation of carbon dioxide, and the increase of the hydroxide contained in the
water [32].

Electrical conductivity (EC) values did not differ statistically in most cases and were
shaped in the range of 206-212 uS cm~! (Figure 3). The lack of differences may be explained
by a relatively small experimental area. Hanekom et al. [33] noted similar results after using
EM technology in the water of fishponds. EC values obtained by these authors oscillated on
the level of approximately 200 uS cm 1. In contrast, Szymanski and Patterson [28] recorded
a slight impact of EM technology on the electrical conductivity of water. The discrepancies
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between the studies are likely due to the varied physicochemical properties of the studied
freshwater ecosystem and the size of the experimental area.
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Figure 3. Changes in (a) water temperature, (b) pH, (c) electrical conductivity, and (d) dissolved
oxygen content, in water samples in successive dates of sampling in three measurement points (A, B,
O). Different letters (a, b, c) indicate statistically significant differences among sampling dates.

DO concentrations were in the range of 6.98 to 8.54 mg L~! and slightly differed
statistically (Figure 3). In most cases, the highest DO values were noted in water samples
collected in the second sampling date (8.11 to 8.54 mg L~!). These results may be caused
by a slightly smaller presence of algae blooms. There is limited information about the effect
of EM technology on dissolved oxygen in the literature, but similar patterns were observed
by Mazurkiewicz et al. [10]. In contrast, Dunalska et al. [34] observed no significant shifts
in the DO concentration in the studied water samples after applying a few biopreparations.
These preparations, unlike EM solution, contained spores.

Nitrate values slightly decreased one week after EM application (0.375-0.531 mg L 1),
but rather did not differ statistically in comparison with nitrate values obtained in other
sampling dates (Figure 4). The highest nitrate value was noted in the measurement point C
in the third sampling date (0.675 mg L~!) and the lowest nitrate value was recorded in the
second point, one week after EM technology application (0.375 mg L~1).



Water 2022, 14, 12 6 of 12
0.80 0.18
075 oA [-]A
. 070 B o8 W) v
N Y C i \
", 065 N\ "1 o E N ¢
50 060 7 A 0 .
£ o055 $ g o E
o 050 (] < 010 5
o 045 T /
Z $ Z oo
040 4 > "
035 006
030
025 0.04
1 1 I it 11
Sampling date Sampling date
(a) (b)
034 016
0.32 [ ]A
030 @ 014 IERPN
T 028 QB ™ 012 7B
— 026 b \Ye R XN ¥e
o0 5o 0.10
g 02 2
o 022 = 008 g
E 0-20 5 0.06 %
_g 018 & %
2 gii a$ P 004 $
. =
012 % 0.02 %
010 0.00
i 1 I it 11
Sampling date Sampling date
(0) (d)

Figure 4. Changes in concentration of (a) NO3-N, (b) NH4-N, (c) total phosphorus, and (d) PO4-P in
water samples in successive dates of sampling in three measurement points (A, B, C). Different letters
(a, b, ¢) indicate statistically significant differences among sampling dates.

In the studied water, ammonia concentration was also at similar levels and had no
statistical significance; the values were in the range of 0.09-0.140 mg L1 (Figure 4). Similar
results were noted by Sharip et al. [35]. These authors observed a lack of significant dif-
ferences in nitrate values between control and experimental sites in the study using EM
technology (Putrajaya Lake, Malaysia). The authors explained these results by dilution of
the EM on a large experimental area of the lake by significant mixing of water in exposed
sites. Previously, also Dunalska et al. [34] showed no significant shifts in total nitrogen
concentration in reservoir water. There are also studies showing that EM technology can
significantly decrease ammonia and nitrate concentrations in water reservoirs [19,31,36].
The nitrate or ammonia decrease may be caused by the presence of purple photosynthetic
bacteria including R. sphaeroides and R. palustris. These species were described as ammo-
nia removal bacteria [37]. Overall, these bacteria may also metabolize a large number of
structurally varied substances, which may be components of degrading plant tissues and
animal wastes, e.g., lignin, fatty acids, or dicarboxylic acids [38-40]. Bacteria R. palustris
also may hydrolase nitrogen-containing compounds, including amino acids and chlori-
nated benzoates [38,41]. Additionally, purple photosynthetic bacteria R. sphaeroides showed
a large tolerance to toxic chemical compounds including pesticides and herbicides, and
they may also degrade them. This fact seems to be important regarding water restoration in
reservoirs exposed to contamination with agricultural run-off [42]. However, the direction
of activity and population growth of these bacteria in the water is dependent on many fac-
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tors including light intensity or organic compounds content [43,44]. Thus, the discrepancy
between studies may be caused by the amount of applied EM, specific physicochemical
properties of the reservoirs, or the size of the experimental area.

Total phosphorus values ranged from 0.130 to 0.304 mg L~! and differed depending
on the sampling date. The highest total phosphorus concentration was noted in the third
sampling date (measurement point A). More than twice the lower values of this indicator
were recorded in the second period: 0.130, 0.134, 0.147 mg L~! (Figure 4). Orthophosphate
values ranged from 0.016 to 0.116 mg L~!, depending on the sampling date (Figure 4).
In almost every measurement point, values of this parameter were significantly lower in
the second sampling date compared to the other dates. There are several studies with
similar patterns in the literature. Dondajewska et al. [45] noted the effect of EM mud-
balls on reducing the phosphorus concentrations in the water of Konin Lake (Poland).
Mazur [36] noted a slight decrease of total phosphorus at some sampling points after the
application of EM biopreparation in the water of a reservoir in Gtuchéw (Poland). More-
over, Mazurkiewicz et al. [10] showed significantly decreased levels of total phosphorus
in the water of Stoneczko reservoir after application of biopreparation with beneficial
microorganisms, which have similar microbiological composition to EM technology. The
decrease of phosphorus compounds may be explained likely by the activity of previously
described photosynthetic bacteria present in the EM consortium. These photosynthetic
bacteria are also naturally ubiquitous in fresh and marine water, soil, wastewater, and
activated sludge [18,42]. Liang et al. [46] noted that bacteria R. palustris can accumulate
phosphorus compounds. There also have been studies showing different patterns in the
literature. For instance, Sitarek et al. [31] documented a lack of EM effect on phosphorus
concentration in the water of Muchawka Reservoir (Poland). The discrepancy between
results may be the result of, e.g., varied amounts of applied EM and physicochemical
properties of the studied freshwater ecosystems.

3.2. Microbiological Properties

The number of heterotrophic bacteria ranged from 3.95 to 4.82 log (8925 to
65,500) CFU mL~1 in the studied water—incubation at 22 °C—and from 3.88 to 4.72
log (7617 to 52,000) CFU mL~! in samples incubated at 36 °C. Compared to other sampling
dates, the significantly lowest number of these indicators was recorded a week after EM
application in most measurement points. On the other hand, the highest value of this
parameter was found in the third sampling date at point B, two weeks after the EM appli-
cation. Almost the same patterns were found for heterotrophic bacteria incubated at 36 °C
(Figure 5). Such results can be caused by the presence of antibiotic synthesizing bacteria in
the biopreparation consortium. For instance, B. subtilis can synthesize more than two dozen
antibiotic substances with a large variety of structures and activity [47]. In addition, the EM
preparation contains bacteria of the species L. plantarum, which produce a bacteriocin called
lactoline, which exhibits similar properties to antibiotics [48]. There have been no studies
in the literature assessing the effect of EM preparation on the number of heterotrophic
bacteria. The lack of information on the reaction of this parameter after EM application may
be a result of the fact that most heterotrophic bacteria are natural inhabitants of human and
animal bodies, e.g., bacteria from the genus Acinetobacter, Bacillus, Citrobacter, Enterobacter,
Flavobacterium, Micrococcus, Proteus, Pseudomonas [49]. Thus, most heterotrophic bacterial
species are not the typical pathogenic indicators. However, among heterotrophic bacteria,
there are also species of bacteria that may cause skin and respiratory system infections, e.g.,
bacterial strains from the genus Pseudomonas, and bacteria from the genus Aeromonas, which
may cause gastroenteritis [50]. At this point, it is worth adding that the studied parameter
concerns culturable bacteria with the capability to grow in the defined culture conditions,
and it does not show whether heterotrophic bacteria are allochthonous or autochthonous
in origin. Despite this, heterotrophic bacteria plate count is a basic indicator describing
water bioactivity [51].
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Figure 5. Changes in the number of heterotrophic bacteria (HB) incubated in 22 °C, (b) heterotrophic
bacteria (HB) incubated in 36 °C, (c) coliform bacteria number and (d) fecal enterococci number in
water samples in successive dates of sampling in three measurement points (A, B, C). Different letters
(a, b, ¢) indicate statistically significant differences among sampling dates.

The highest number of coliform bacteria was noted in the studied water collected
on the control sampling date in the point B—3.35 log (2215) CFU 100 mL~!. However,
the lowest coliform bacteria number was recorded on the second date—2.51 log (325)
CFU 100 mL~!. A significant decrease in the number of this parameter (up to five times)
was recorded in most studied cases after EM application (Figure 5). The results obtained
after the application of EM technology largely fell within the standard described in the
Regulation of the Minister of Health on supervising water quality in water bodies used
for bathing and at bathing sites [52]. According to this regulation, the acceptable level
was at the number of <1000 MPN or CFU 100 mL~!. These results may be caused by
the presence of L. plantarum in the EM microbial community. These bacterial species can
produce antibacterial peptides with inhibitory activity against a large number of Gram-
positive and Gram-negative bacteria, including coliform bacteria, e.g., E. coli (including
E. coli 0157:H7), Klebsiella sp., and Salmonella sp. [53]. Another example of bacterial species
with antibacterial activity in the EM consortium is L. lactis, which can produce bacteriocin—
nisin inhibiting the growth of some coliform bacteria. Similar patterns were noted by
other authors. Sitarek et al. [31] observed values of coliform bacteria above acceptable
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levels (described in the above-mentioned regulation)—1373 and 3600 MPN 100 mL~! in
2013 and 2015, respectively, in the water of Muchawka Reservoir (40 ha). There, liquid
EM biopreparation (16,000 L) was applied to the surface water and the water column by
a motor pump. Subsequently, these authors noted very low values of this parameter-below
15 MPN 100 mL~!. Moreover, Mazurkiewicz et al. [10] noted a decrease in the value of
coliform bacteria to the acceptable level by using beneficial microorganisms containing
such dominants as L. casei, L. plantarum, S. cerevisiae. These authors conducted a study in
the water of Stoneczko reservoir (L6dZz Voivodeship, Poland).

The fecal enterococci number ranged from 1.63 to 2.22 log (43 to 167) CFU 100 mL !
in the studied water. One week after application, the number of this indicator significantly
decreased in most cases. In the B and C measurement points, the values of the fecal
enterococci number decreased approximately 300% in comparison with the control. In the
last sampling date, the fecal enterococci number was similar to the values of the date before
application—2.01-2.22 log (103-167) CFU 100 mL~! (Figure 5). The obtained values were
within the legal limit described in the Regulation of the Minister of Health on supervising
water quality in water bodies used for bathing and at bathing sites (<400 MPN 100 mL~!
or CFU 100 mL~1!). A slight decrease in the number of fecal enterococci a week after the
application of the biopreparation could be caused by the occurrence of a few dominants of
EM. For instance, bacteria L. plantarum can produce bacteriocin-like compounds, which
have an antagonistic activity to studied bacteria [54]. Another dominant consortium,
L. lactis, may synthesize an antibacterial substance (nisin) that has activity against this
bacteria group [55]. Additionally, photosynthetic bacteria—R. sphaeroides may also show
a slight decrease in the enterococcal population in water [37]. After application EM, similar
patterns were recorded by Sitarek et al. [31] and Mazurkiewicz et al. [10].

Bacteria Salmonella sp. was not detected in any of the studied water samples.

4. Conclusions

In the study, significantly lower content of phosphorus compounds, number of het-
erotrophic bacteria, coliform, and fecal enterococci was noted one week after the application.
On the next sampling date, the values of the parameters were close to the control date.
These patterns indicated that the impact of EM technology on the studied water had
a rather short-term effect. Thus, there is a need for further research to modify and choose
the appropriate amount of introduced EM biopreparation. Regarding the functioning of EM
technology in water, a deeper evaluation of their effect on the whole bacterial community
with using the Next-Generation Sequencing is also necessary.

It is worth adding that biological technologies for purifying water reservoirs may
be one of the key methods in fighting nutrient pollution of water reservoirs. Moreover,
they perfectly match the regulations of the Water Framework Directive (WFD, Directive
2000/60/EC), which requires the achievement of good ecological status of water reservoirs
in the EU.

In conclusion, both in reservoir restoration in Poland and abroad, the optimization of
the application properties leading to better operation of EM technology would undoubtedly
have a significant impact on this technology development on a larger scale.
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