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SEDIMENT MICROBIAL COMMUNITY PROFILE IN UPPER PART OF
ISKAR RIVER

Yovana Todorova, Ivaylo Yotinov, Dayana Todorova, Yana Topalova

Abstract: Iskar River and its reservoir are the water sources in Bulgaria with the most important economical and social
meaning because of their role for drinking water supply of Sofia. In this study, we focus on the sediment microbial
community in upper part of Iskar River subcatchment as functional diversity related to main self-purification processes
and as a risk factor for water quality. Microbial communities in freshwater sediments and their associated metabolic
activity have fundamental role in ecology and metabolism of river ecosystems. The functional profile of sediment
microbial communities was studied over a period of 8 years. The obtained results show that the microbial groups
participating in organic carbon transformation and specific indicators (bacteria from g. Pseudomonas and coliforms)
have higher quantitative parameters in sediments near to discharge of WWTP Samokov. The data for high ecological
and chemical state of river sector confirm that the impact of WWTP discharge is in the frames of self-purification
capacity of ecosystem and do not disturb significantly the water quality. In sediments of Palakaria River, the bacteria
from nitrogen cycle are detected in permanently high number. These data are related to significant nitrogen loading
identified in the river and present an adequate response of microbial community structure to this type of disturbance.
The modeling of ecosystem response to risk situation of overloading with nutrients and organics confirms the high self-
purification capacity of Iskar River. The importance of studied subcatchment for formation of water quality in Iskar
Reservoir and literature data for sediment function as depot for coliforms in other rivers enforces the extension of
existing monitoring program with regular assessment of this indicator in the sediment component of the ecosystem.
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INTRODUCTION composition of most microbial groups is sensitive
and not immediately resilient to disturbance,
regardless of taxonomic width of the group or the
type of disturbance. Their review demonstrates that
changes in microbial community composition are
often associated with changes in ecosystem process
rates and may directly affect ecosystem processes
[1]. The analysis of the kinetic parameters of the
main transformation processes realized by
microbiota is an important element in assessing the
self-purification capacity of the river ecosystem and
provides realistic information on the rate of
elimination of the key types of pollutants.

The profiling of sediment microbial biodiversity
should include another important element — a human
health risk aspect of the problem. Freshwater
sediments have recently attracted more attention as
important depot of some potentially dangerous
bacteria as coliforms and study of this interaction
has a critical significance in hydrosystems used as
strategic sources of drinking water [2]. The
biodiversity = and  functional  stability  of
autochthonous microbial communities are essential
for the incorporation and survival of potentially
dangerous alochthonous bacteria. The cumulative
effect of the total indigenous microflora on E. coli
survival for example is often negative as a result of
predation, substrate competition and antagonism [5,
10, 16]. The diversity of the indigenous microbial
communities is an important factor for regulation of

Microbial communities in freshwater sediments
and their associated metabolic activity have
fundamental role in ecology and metabolism of river
and stream ecosystems [3, 19]. The biomass and
taxon richness in sediment are much higher than
those of the corresponding water bodies [21].
Sediment receives deposition of bacteria and organic
matter from the upper water layer and provides a
matrix of complex nutrients and solid surfaces for
microbial growth [20]. The sediment microbiota
dominates in riverine biochemical cycling of
nutrients, realizes the organic decomposition and
leads to transformation of hazardous pollutants. The
benthic microbiota associated with sediment
biofilms and free organic matter particles is
metabolically the most active and is the main biotic
transformation factor in rivers [8]. Mapping and
profiling of bacterial taxonomic and functional
diversity in different lotic biomes, is related to the
better understanding how this diversity is modulated
by environmental and anthropogenic drivers and
give the way for effective integration of bacteria into
predictive ecological models [7]. The resistance and
resilience of natural microbial community in
sediments are important features in ecosystem
response to all kinds of disturbance and microbial
profile may provide a relatively stable indicator for
ecosystem modifications, especially in long-term
monitoring [9]. Allison and Martiny find that the
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the population dynamics of invading E. coli [17, 18].
According to this view, the ecosystems with a higher
level of biodiversity are more resistant to
disturbances than these with a lower diversity [11].

In this study, we focus on the sediment
microbial community in upper part of Iskar River
subcatchment in both of discussed aspects: as
functional diversity related to main transformation
processes of pollutants and as a risk factor for water
quality of drinking water source. The functional
profiling is extended with data for ecosystem/biotic
response at simulated risk loading with high
organics and nutrients concentration. The modeling
of kinetics of main transformation processes and its
relationships with parameters of sediment microbial
communities is important element in assessment of
self-purification capacity of river and in prediction
of rate of ecosystem metabolism.

MATERIALS AND METHODS
Study area and site description:

The study area is situated in upper subcatchment
of Iskar River (892 km’ with average latitude of
1314 m) before the Iskar Dam in north Rila
Mountain, Bulgaria. Iskar River and its reservoir are
the water sources in Bulgaria with the most
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Two sampling locations - one in main river
channel of Iskar River and one in tributary Palakaria
River were sampled during the low flow periods of
2008 and 2016. The sampling sites, target river
component — sediments and investigated microbial
groups have been selected by their key significance
for ecosystem functioning and formation of water
quality. The sampling sites are presented in Fig. 1.

River
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important economical and social meaning because of
their role for drinking water supply of Sofia (capital
of Bulgaria). The study sector of Iskar River is 25-
35 m wide, depth ranges from 50 to 200 cm and the
bottom substratum consists of pebbles, coarse and
medium sands. It has a clearly determined seasonal
character with summer and winter low flow (1-3
m’/s), a little increase in flow during the autumn (6—
10 m*/s) and very expressive spring high water level
(15-25 m’/s). The tributary Palakaria River is the
longest in Iskar River upper subcatchment with the
length of 44 km, an average stream flow of 1-2 m*/s
and a basin area of 408 km?. For the last years it was
in bad ecological status and had a possible risk for
significant pollution with nutrients. There are several
point sources identified with significant impact in
Palakaria River — discharges from local wastewater
treatment plant (WWTP), petroleum station and food
industry. The studied sector of Iskar River was in
unknown ecological status according to official
monitoring information and in very good/good status
according to scientific researches; only one
significant impact was identified — discharge of
WWTP Samokov. The land use in the upper Iskar
subcatchment consists of agricultural lands (40-
50%) and forests (30-50%) [6, 13, 15, 22].

Fig. 1. Study area and location of sampling sites

| Iskar — Iskar River, located on 903 m altitude, 42°21°963 "N,
= 23°33'357"E, below the town of Samokov and after the influx
of municipal wastewater treatment plant

_ F Palakaria — Palakaria River, on 835 m altitude,
42°25°186"'N, 23°31'445"E, before confluence with Iskar

Sediment microbial sampling and analysis:

The samples were collected from sediments by
manual dragging, transferred into sterile containers,
stored at 4°C and processed within 24 h. Sediments
were collected with unified particle size < 1 cm.

The functional profile of microbial community was
studied from two points of view: (1) analysis of functional
microbial groups with a key role for realization of self-
purification processes in river ecosystem; (2) analyses of
risk water quality factor — coliform bacteria.
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The abundance of selected physiological
bacterial groups was measured by use of count-plate
or most probably number techniques. The sediments
were  preliminary  treated  with  ultrasonic
disintegrator UD — 20 automatic (3 times x 5 sec) for
detachment of bacteria from sediment particles. The
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following key microbial groups were analyzed by
use of specific nutrient media according to BDS-EN-
ISO standards (Table 1). The colifroms were
detected additionally and confirmed by cytochrome
oxydase test. The all data for microbial counts were
presented as In CFU/g dry weight.

Table 1. Microbial groups and methods for their determination

Functional group

Nutrient media and cultivation

Aerobic heterotrophic bacteria (AH)
Anaerobic heterotrophic bacteria (AnH)
Oligotrophic bacteria (Oligo)
Enterobacteriaceae (Colif)
Pseudomonas

Nitrifying bacteria (Nitrif)

Denitrifying bacteria(Denitr)
Ammonifying bacteria (Ammon)

Nutrient agar, 24-48 h at 35°C

Nutrient agar, 7-14 days under anaerobic conditions at 35°C
Diluted Nutrient agar (1:10), 48 h at 28°C

Endo agar, 24-48 h at 37°C

GSP agar, 48 h at 28°C

Sarachandra broth, 5 days at 28°C

Giltay agar, 7-14 days in anaerobic conditions at 28°C
Nutrient broth with Phenolrot, 3-5 days at 28°C

Calculation of kinetic parameters of main
transformation processes in sediments

The functional profiling of microbial
communities in sediments was supported by data for
biotic response to high organics and nutrient
concentrations discharged in river ecosystem. This
modeling simulates the ecosystem utilization of
accidental discharge of untreated wastewater from
municipal origin — one of the high risk impacts in
the study area. The model risk concentrations were
10 times higher than the normal background and
were measured at previous real critical event [13].
We used a modification of Nutrient Spiraling
Concept for calculation of model kinetics of
simulated risk situation in which the discharges of

WWTP were regarded as model of significant
nutrient and organic loading [4]. The following
parameters were calculated (Table 2).

For calculation of basic kinetics of nutrient and
organic utilization, some chemical parameters of
water were analyzed as mnormal background
concentrations in watershed and at discharge of
WWTP for simulation of risk event. The organic
loading of water was measured as COD (Chemical
Oxygen Demand — dichromatic EPA 410.4/ISO
6060 method). The ammonium and nitrates were
determined by colorimetric methods according to the
BDS-EN-ISO standards. The phosphorus was
measured as phosphates (colorimetric method based
on phosphomolybdic blue reaction).

Table 2. Model kinetic parameters and their definitions [4]

parameter calculation definition

net nutrient uptake length, S, Cy=C. " negative, inverse slope of the regression between the

m In (C/Cy) = kx natural logarithm of the proportion of nutrient
Sher = -1/k concentration in water and distance from the WWTP

mass transfer coefficient, Ve, Viner = hut/Syer = vertical velocity at which a nutrient molecule travels

m/sec O/S,e:w) from the water column to the stream/river substrate

net nutrient uptake rate, U, Uset = (Cy O)/(Spes W) = uptake rate of nutrients for unit of stream/river

mg/ m’ sec Vinet Co substrate

*where Cx is the nutrient concentration (mg/L) at distance x (m) from the WWTP, Co is the nutrient concentration (mg/L) at the
most-upstream site below the WWTP, and k is the nutrient change coefficient (1/m), h - average water depth (m), u - average water
velocity (m/s), O - average discharge (m’/s), w - average stream width (m), C,, - background concentration in watershed

RESULTS AND DISCUSSION

Key microbial groups for realization of self-
purification processes:

Functional profile of sediment
communities in upper Iskar

microbial
subcatchment is

analyzed in concern of biotic transformation cycles
of organic carbon and nitrogen — pollutants with
significant meaning according to risk analyses of
anthropogenic impact [22]. The key microbial
groups with an important role in organic matter
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transformations - aerobic heterotrophic, anaerobic
heterotrophic and oligotrophic bacteria are presented
on Fig. 2. These three groups are included in
effective utilization of varied concentrations of
organics (a common situation in streams and
mountain sectors of rivers) under conditions of quick
alteration of aerobic/anaerobic microhabitats in
sediments.

The long-term comparison for period of 8 years
shows an increase of counts of these bacteria for two
sampling sites. The increase is especially well
presented for aerobic heterotrophic and anaerobic
heterotrophic bacteria — these groups have the higher
number with one order in 2016 compared to this in
2008. The oligotrophes retain their abundance on the
similar level. This result indicates a frequent change
in dominant microbial groups responsible for
organics transformations in sediments and quick
functional shift for utilization of different organics
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concentration. The sediment functions of deposition
and accumulation of organics and the variety of
environmental conditions in microhabitats are the
leading factors for this flexible adaptation of
sediment heterotrophic bacteria. Their high number
is indicator for good self-purification potential and
ability for realization of anaerobic/aerobic
transformation in the whole ecosystem. It can be
assumed that the local sediment microflora is very
well adapted to the permanent nature of the
identified organic discharges and utilizes quickly
and effectively the incoming organic matter.

The numbers of microbial groups responsible for
nitrogen transformations in sediments are presented
on Fig. 3. The bacteria participate in the first stages
of non-specific nitrogen transformations
/degradation  of  N-contained  organics/ -
ammonifying bacteria is the most abundant nitrogen-
transforming group.
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Fig. 2. Abundance of key microbial groups for realization of organic matter transformations in Iskar River
(left) and Palakaria River (right) during the two studied periods
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Fig. 3. Abundance of key microbial groups for realization of nitrogen transformations in Iskar River (left)
and Palakaria River (right) during the two studied periods
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Its quantitative parameters varied in the range of
10°-10° CFU/g. The more specific groups of
denitrifying and nitrifying bacteria are less represented,
as the nitrificators are not exceeding 2000 CFU/g.
These results determine the processes of nitrification
and denitrification as critical for realization of nitrogen
cycle still more the denitrification is the only way to
eliminate completely from river ecosystem the surplus
amount of nitrogen. In the past periods the local
nutrient pollution was registered and the balance in
nitrogen transformations was a natural highly effective

mechanism for realization of successful self-
purification [12].
The relationship between dynamics of

sediment microbial community, its contribution
for functioning of nutrient cycles and water
quality in the subcatchment is supported by the
comparison of the data in two sampling sites. In
the both of studied years, the abundance of the
three microbial groups is higher in sediments of
Palakaria River. This result is in accordance with
identified risk for significant pollution with
nutrients and very high loading of nitrogen in
Palakaria River (assess on more than 530 000
kg/year). For sector of Iskar River this annual
loading is assess only on 89 000 kg/year [22]. The
data present the strong interaction between
sediment microflora and ecosystem response to
high nutrient loading.
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Microbial groups with specific indicative role
in sediments:

The bacteria from genus Pseudomonas has been
developed as an indicator for the biodegradation of
xenobiotic organics, for flexible and adaptive metabolic
potential of microflora [15]. In nature waters and drinking
water sources, g. Pseudomonas is subject to assessment
primarily because of the pathogenic representatives in
both genera. The above discussed indicative abilities are
still subject to further research, but it can be assumed that
the high quantitative presence of the group is an indicator
of the possibilities of natural microflora to realize the full
set of metabolic potential to eliminate pollutants with a
different hazardous nature, and to develop the self-
purification full capacity on ecosystem level.

The dynamics of Pseudomonas during the two
studied periods is shown on Fig. 4. In sediments of Iskar
River next to the influx of WWTP, the pseudomonades
have higher number than these in Palakaria River. The
discharge of treated wastewaters is always considered as
a critical factor for input of pollutants with different
nature in river ecosystem (detergents, oil products,
pharmaceutical and personal care products). In the
whole upper subcatchment of Iskar River there are no
deviations from the environmental quality standards for
hazardous pollutants [6, 22] and the high abundance of
Pseudomonas in this site is indicator primarily for a high
biodegradation potential of sediment microflora and
good self-purification capacity of the ecosystem.
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Fig. 4. Abundance of microbial groups with a specific indicator role

The indicator with a critical importance for the
formation of microbiological parameters of water
quality (coliforms) represents a considerable interest
in studied subcatchment. In Iskar River sediments,
the registered total counts of coliforms are lower in
2016 compared to these in 2008 but from the spatial
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aspect the coliforms have significantly higher
number than these in Palakaria River sediments for
the both periods. These data are expected because
the discharge of WWTP assumes to express
presence of coliforms in river sector of impact. The
freshwater sediments are important reservoir of
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these bacteria (“natural depot") for surface waters
and it again orientates to the recommendation the
sediments to be incorporated into the system for
monitoring of water quality in the upper
subcatchment of Iskar River [12].

In sediments of Palakaria River, the coliforms
are more abundant in 2016 and this result together
with the similar data for counts of heterotrophic
bacteria is indicator for increase of organic content
in Palakaria River. This increase is favorable factor
for functioning of sediment microflora and for
development of ecosystem metabolism because in
this tributary preliminary studies show that (1) the
source of nitrogen and phosphorus is inorganic
(agricultural fertilizers); (2) the organic content of
tributary water is low and insufficient for bacterial
growth; (3) the ratio C:N:P is unsuitable and first-
rate factor for the bacterial abundance.

Functional response of sediment communities
to accidental loading with high organics and
nutrient concentration

The analyses of microbial communities in
sediments of Upper Iskar subcatchment show the high
functional diversity — base for intensive self-
purification potential of ecosystem. For demonstration
of this potential we model the ecosystem response at
one simulated risk situation — overloading with
nutrients and organics as a result of discharge of
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untreated wastewater in river. The risk concentrations
were 10 times higher than the normal background and
were measured at previous real critical event [13]. The
measured concentrations and kinetic parameters of
their utilization are presented in Table 3.

The results show that the river ecosystem reacts
adequately with intensive transformation processes
target to utilization of organics and nutrients. The
process lengths of net nutrient uptake are very short
(<2 km) and the uptake rates are relatively high. The
excessive nitrogen concentrations are eliminated
within 1.5-2 km downstream and phosphates and
organics - in the first few hundred meters. At normal
concentrations the kinetic parameters are very
different - for ammonium ions the inverse process of
accumulation in the river system is realized and their
concentration increases downstream. These data
confirm the high functional activity of heterotrophic
bacterial consortium - the capacity for organic
uptake in ecosystem is high and well developed.
Despite the good ecosystem potential for net uptake
of nitrogen at risk situation, the parameter values at
normal functioning of river ecosystem compared
with the number of bacteria from nitrogen cycle
confirm the key role of this nutrient in studied area
and indirectly show the dominant source of nitrogen
in watershed — permanent non-point pollution from
agriculture.

Table 3. Kinetic parameters of nutrient and organic utilization at critical loading from WWTP

Snet (km) Vf-net (106 m/sec) Unet (mg/m2 sec)

nitrates

At risk concentration (10 mg/L) 1.477 158 0.209

At normal concentration (<1mg/L) 35.206 9.94 0.013

ammonium

At risk concentration (4 mg/L) 1.885 1238 0.276

At normal concentration (<0.4 mg/L) -16.143 -22 -0.005

phosphates

At risk concentration (2 mg/L) 0216 1082 0.316

At normal concentration (<0.2 mg/L) 1.950 180 0.052

organics (as COD)

At risk concentration (60 mgO,/L) 0.564 974 0.302

At normal concentration (<5 mgO,/L) 2.032 102 0.118
CONCLUSION higher quantitative parameters in sediments near to
The long-term profiling of functional discharge of WWTP Samokov. This well presented

biodiversity in sediment microbial communities
from two sites in upper Iskar subcatchment shows
several tendencies that can be summarized in
following:

(1) The microbial groups participating in organic
carbon transformation and specific indicators
(bacteria from g. Pseudomonas and coliforms) have
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abundance and diverse community structure are
prerequisite for intensive functioning of ecosystem
metabolism and effective utilization of this local
impact. The data for high ecological and chemical
status of river sector confirm that the impact of
WWTP discharge is in the frames of self-
purification capacity of ecosystem and do not disturb
significantly the water quality. The modeling of
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ecosystem response to risk situation of overloading
with nutrients and organics confirms the high self-
purification capacity of Iskar River.

(2) The well presented groups of anaerobic
heterotrophs and bacteria from Pseudomonas in
sediments of upper Iskar subcatchment is an
indicator for existence of various metabolic
pathways for utilization of different substrates.

(3) In sediments of Palakaria River, the bacteria
from nitrogen cycle are detected in permanently high
number. These data are related to significant
nitrogen loading identified in the river and present
an adequate response of microbial structure to this
type of disturbance.

(4) The importance of studied subcatchment for
formation of water quality in Iskar Reservoir and
literature data for sediment function as depot for
coliforms in other rivers enforces the extension of
existing monitoring program  with  regular
assessment of this indicator in the sediment
component of the ecosystem.

ACKNOWLEDGMENTS: This study was
supported by project “Alive Water — river, reservoir,
biodiversity, life” with financial help of Sofiyska
Voda AD. We thank to Lyubomir Kenderov, PhD for
his valuable assistance in field work.

REFERENCES
1. Allison S.D., J.B.H. Martiny, Resistance,
resilience, and redundancy in  microbial

communities, PNAS, Vol
11512-11519.

2. Chandran A., S. Vargheseb, E. Kandeler, A.
Thomas, M. Hatha, A. Masumder, An assessment of
potential public health risk associated with the
extended survival of indicator and pathogenic
bacteria in freshwater lake sediments, Int. J. Hyg.
Environ. Health., Vol. 214, 2011, 258-264.

3. Gibbons S.M., E. Jones, A. Bearquiver, F.
Blackwolf, W. Roundstone, N. Scott et al., Human
and Environmental Impacts on River Sediment
Microbial Communities, PLoS ONE, Vol. 9(5),
2014, e97435. doi:10.1371/journal.pone.0097435.

4. Haggard B.E., E.H. Stanley, D.E. Storm,
Nutrient retention in a point-source-enriched stream,
J. N. Am. Benthol. Soc., Vol. 24(1), 2005, 29-47.

5. Jiang X., J. Morgan, M.P. Doyle, Fate of
Escherichia coli O157:H7 in manure-amended soil,
Appl. Environ. Microbiol., Vol. 68, 2002, 2605-2609.

6. Kenderov L., 1 Yaneva, Ecological
characteristics of the Iskar River catchment, Biotech.
Biotechnol. Eq., Vol. 23(suppl.1), 2009, 276-280.

105 (suppl.1), 2008,

13

Ecological Engineering and Environment Protection, IX, 2017, p. 7-15

7. Larsen P.E., S.M. Gibbons, J.A. Gilbert,
Modeling microbial community structure and
functional diversity across time and space, FEMS
Microbiol. Lett., Vol. 332, 2012, 91-98.

8. Pusch M., J. Schwoerbel, Community
respiration in hyporheic sediments of a mountain
stream (Steina, Black Forest), Arch. Hydrobiol.,
Vol. 130(1), 1994, 35-52.

9. Shade A., H. Peter, S.D. Allison, D.L. Baho,
M. Berga, H. Biirgmann et al., Fundamentals of
microbial community resistance and resilience,
Front. Microbio., Vol. 3, 2012, 417.

10. Semenov A.V., A.H.C. van Bruggen, L. van
Overbeek, A.J. Termorshuizen, A. M. Semenov,
Influence of temperature fluctuations on Escherichia
coli O157:H7 and Salmonella enterica serovar
Typhimurium in cow manure, FEMS Microbiol.
Ecol., Vol. 60, 2007, 419-428.

11. Tilman D., Community invasibility,
recruitment limitation, and grassland biodiversity,
Ecology, Vol. 78, 1997, 81-92.

12. Todorova Y., Y. Topalova, Functional
profile of microbial community structure in critical
points of upper Iskar subcatchment /Bulgaria/,
Natura Montenegrina, Vol. 7(2), 2008, 345-356.

13. Todorova Y., Y. Topalova, Microbial
response to accidental organic pollution in selected
part of Iskar River, Biotech. Biotechnol. Eq., Vol.
23(SE), 2009, 434-437.

14. Todorova Y., Y. Topalova, Importance of
Main Stream/Tributary interface for nutrient
dynamics and microbial communities in upper river

subcatchment, Annual Research & Review in
Biology, Vol. 4 (2), 2014, 399-411.

15. Topalova Y., Biological Control and
Management of Wastewater Treatment,
PublishScieSet-Eco, Sofia, 2009, 352 p. (in
Bulgarian).

16. Unc A., J. Gardner, S. Springthorpe,

Recovery of Escherichia coli from soil after addition
of organic wastes, Appl. Environ. Microbiol., Vol.
72,2006, 2287-2289.

17. van Elsas J. D., P. Hill, A. Chronakova, M.
Grekova, Y. Topalova, D. Elhdtova, V. Kristufek,
Survival of genetically marked Escherichia coli
O157:H7 in soil as affected by soil microbial
community shifts, ISME Journal, Vol. 13, 2007,
204-214.

18. van Elsas J. D.,A.V. Semenov, R. Costa, J.T.
Trevors, Survival of Escherichia coli in the
environment: fundamental and public health aspects,
ISME Journal, Vol. 5, 2011, 173-183.



Supplement 1 Ecological Engineering and Environment Protection, IX, 2017, p. 7-15

19. Verrhiest G.J., B. Clément, B. Volat, B. millions of illumina tags, Appl. Environ. Microbiol.,
Montuelle, Y. Perrodin, Interactions between a  Vol. 78(23), 2012, 8264—-8271.
polycyclic aromatic hydrocarbon mixture and the 21. Zinger L., L.A. Amaral-Zettler, J.A. Fuhrman,
microbial communities in a natural freshwater M.C. Horner-Devine, S.M. Huse, D.B. Mark Welch et
sediment, Chemosphere, Vol. 46(2), 2002, 187-196. al., Global patterns of bacterial beta-diversity in seafloor
20. Wang Y., H.-F. Sheng, Y. He, J.-Y. Wu, Y.- and seawater ecosystems, PLoS ONE, Vol. 6(9), 2011,
X. Jiang, N.F.-Y.Tam, H.-W. Zhou, Comparison of ¢24570. doi:10.1371/journal.pone.0024570.
the levels of bacterial diversity in freshwater, 22. http://www.bd-dunav.
intertidal wetland, and marine sediments by using 23. g/content/upravlenie-na-vodite/plan-za-
upravlenie-na-rechniia-baseyn/

MUKPOBHHU CBOBUIECTBA B CE/JMMEHTH OT I'OPHOTO
IHHOPEYUE HA PEKA UCKBP

Hosana Tonoposa, UBaitno Motunos, Jasna Tomgoposa, Sna Tonanosa

Pe3tome: Pexa Vckbp M €IHOMMEHHUSAT S30BUpP ca BOAOM3TOUHMUIMTE B bbirapus ¢ Hail-rojiMo MKOHOMHYECKO M
COIMAJTHO 3HAYCHHE 3apajy POJIsiTa MM B MUTEHHOTO BogocHaOsBaHe Ha rpag Codus. B ToBa nsciensane, GokycsT €
[MOCTaBeH BHPXY CEAMMCHTHUTE MHKPOOHH CHOOIIECTBA OT FOPHOTO MOpedre Ha peka VICKbp KaTo (yHKIIMOHATHO
pasHooOpasue, MpPsSKo 00BBP3aHO C PEATTU3UPAHETO Ha OCHOBHUTE MPOIECH HA CAaMOOYKCTBAHE U KaTO PHCKOB (hakTop
3a GopMupaHe KauyecTBOTO Ha BojaTa. MHUKpOOHHTE ChOOIIECTBa B CEIMMEHTUTE M CBBpP3aHATA C TSAX HHTEH3MBHA
MeTaOOJIMTHA AaKTHBHOCT WIPasT OCHOBHA POl B CKOJOTHATA W MeETabonmm3Ma Ha pPEYHHTE CKOCHCTEMH.
OYHKIIMOHATHUAT TPOQHI HA CCTUMCHTHUTE MUKPOOHH CHOOIIECTBA € U3CIeIBaH ABYKPATHO 32 MEPUOJT OT 8 TOIUHH.
[omydyeHnuTe pe3yiTaTH NOKa3BaT, 4e MHUKPOOHUTE TpYIH, yJacTBAIld B TpaHCcopMalmsTra Ha OpraHWKaTa U
cnenuGUIHATE UHAUKATOPH (OaKTepun OT p. Pseudomonas M KOMUPOPMH) UMAT ITO-BUCOKH KOJIUYECTBCHU MapaMeTpH
B CEIMMEHTHTE B HETOCpeICTBeHa Oim3oct 10 3ayctBaHeTo Ha [ICOB CamoxoB. [JaHHUTE 32 OTIIMYHOTO CKOJIOTHIHO U
XAMHYHO CHCTOSHHE Ha PEYHHS CEKTOp IOTBBPIKIABAT, Y€ BB3ICHCTBHETO HA MPEpadOTEHHUTE OTMATBbYHH BOIU € B
paMKHuTe Ha caMONPEYUCTBATEIHUS KaMalUTeT Ha €KOCHCTeMaTa U He OKa3Ba 3HAYMTENIHO BIMSHHAE Ha Ka4eCTBOTO Ha
Boaute. OT CBOS CTpaHa, B CEAMMEHTUTE OT peka [lanmakapusi, 6akTepunTe OT IIMKBJIA Ha a30Ta Ca MPEJCTaBEHH B 10CTA
mo-BUCOK Opoif. Te3u maHHU ca CBBpP3aHU CHC 3HAYUTEIHOTO HATOBApPBaHE C a30T, WACHTU(GHUIMPAHO B NPHUTOKA, U
MIpEeCTaBsABAT aJeKBAaTeH OTrOBOp Ha MHUKPOOHHUTE CHOOIIECTBAa KbM TO3U THI 3aMbpcsBaHe. MoJenupaHeTo Ha
€KOCHUCTEeMHHsI OTTOBOP IPHM PUCKOBA CUTyallWsi Ha HATOBapBaHE C OMOTe€HHM M OpraHWKa MOTBBP)KIaBa BUCOKHS
KamaiyTeT 33 CaMOIIPEeYrCTBaHe Ha peka MCKbp. 3HAUCHHETO Ha M3CIeIBaHUS BOI0COOD 3a (hOpMHUpPAHE HA KAYSCTBOTO
Ha BoJaTa B sA30BHP VCKBp M NUTEpaTypHUATE AaHHU 32 QYHKIHATA Ha CEIUMEHTHUTE KAaTO JICTO 3a KOMH(pOPMH B IpyTH
PEKH Halarat pa3mHpsIBaHETO Ha CHIICCTBYBAIaTa IMPOTpaMa 3a MOHHTOPHHT C PEryJsipHa OIeHKa Ha KOJIH(OpMHUTE
0aKTepHuu B CCIUMCHTUTE Ha EKOCHCTEMATA.

KatouoBu aymu: ¢pyHKIMOHANIEH PO HA MUKPOOHHUTE choOIIecTBa, cetuMenTH, ['open Vckbp, camonpedncTBane,
TpaHc(opManMOHHN TPOLIECH
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